
CMH v27 n1 내지 광고.indd   1 2021. 1. 4.   오후 1:46CMH v27 n2 내지광고.indd   1 2021. 3. 31.   오후 1:14
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) represents a spectrum 

of liver disease characterized by triglyceride deposits in hepato-

cytes without secondary causes of liver disease, including signifi-

cant alcohol consumption.1 NAFLD represents a broad clinical 

spectrum of diseases ranging from simple hepatic steatosis 

through steatosis with inflammation and hepatocyte degeneration 

(nonalcoholic steatohepatitis [NASH]) that can lead to advanced 

fibrosis, cirrhosis, and hepatocellular carcinoma.1 NAFLD is a sig-

nificant health problem worldwide, and its burden is expected to 

rise. A meta-analysis demonstrated that the prevalence of NAFLD 

is 25.2% worldwide, with the highest in South America and the 

Middle East (30.5% and 31.8%, respectively) and lowest in Africa 

(13.5%).2 Despite the high prevalence of NAFLD in the general 

population, only a minority of patients with NAFLD will progress 

to NASH with advanced fibrosis or develop liver-related complica-

tions.3

Recently, an international consensus group suggested consider-

ing a new acronym, metabolic (dysfunction) associated fatty liver 

Evaluation and management of extrahepatic  
manifestations of nonalcoholic fatty liver disease
Karn Wijarnpreecha1, Elizabeth S. Aby2, Aijaz Ahmed3, and Donghee Kim3

1Division of Gastroenterology and Hepatology, Mayo Clinic College of Medicine, Jacksonville, FL; 2Division of Gastroenterology and 
Hepatology, Department of Medicine, University of Minnesota, Minneapolis, MN; 3Division of Gastroenterology and Hepatology, Stan-
ford University School of Medicine, Stanford, CA, USA

Nonalcoholic fatty liver disease (NAFLD) is a multisystemic disease and a rapidly growing cause of chronic liver disease 
in children and adults worldwide. Diagnosis and management of extrahepatic manifestations of NAFLD, including 
cardiovascular disease (CVD), type 2 diabetes mellitus, metabolic syndrome, chronic kidney disease, obstructive 
sleep apnea, polycystic ovarian syndrome, hypothyroidism, psoriasis, and extrahepatic malignancy are crucial for the 
treatment of patients with NAFLD. The leading cause of death in NAFLD is primarily from CVD, followed by liver-related 
mortality, extrahepatic cancer, liver cancer, and diabetes-related mortality. Therefore, clinicians need to identify high-risk 
patients earlier in the disease course and be aware of the extrahepatic manifestations of NAFLD to improve liver disease 
outcomes. In this review, we focus on the monitoring and management of the extrahepatic manifestations of NAFLD.  
(Clin Mol Hepatol 2021;27:221-235)
Keywords: Fatty liver; Therapeutics; Cardiovascular diseases; Non-alcoholic fatty liver disease; Liver cirrhosis
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disease (MAFLD), to more accurately reflect the current knowl-

edge of the disease pathophysiology and help with risk stratifica-

tion and management due to the heterogeneity of clinical presen-

tation of fatty liver disease.4 Even though MAFLD may more 

appropriately reflect the relevant risk factors for the disease better 

than NAFLD, the term remains vague. Prior to a name change, an 

improved understanding of the pathogenesis, natural history, and 

treatment of NAFLD is needed.5 NAFLD is a multisystem disease 

with effects,6 thus physicians should be aware of the manifesta-

tions of NAFLD beyond the liver, such as cardiovascular disease 

(CVD), with the goal of early recognition and management.7,8

Previous studies have shown that the most common cause of 

death associated with NAFLD is CVD, independent of other meta-

bolic comorbidities, followed by extrahepatic cancer and liver-re-

lated complications.1,9,10 A recent USA study reported that the 

cause of death in NAFLD was more likely to be CVD (about 20%), 

whereas mortalities for extrahepatic cancer and diabetes com-

pared with CVD showed a more pronounced increase annually 

during the recent decade.11 In this review, we focus on recognizing 

and managing the extrahepatic manifestations of NAFLD.

CVD

CVD is the major cause of death among individuals with 

NAFLD.12 Risk factors for NAFLD are similar to those for CVD, in-

cluding insulin resistance, type 2 diabetes, male sex, hyperten-

sion, dyslipidemia, metabolic syndrome, and obesity.12,13 NAFLD is 

associated with an increased risk of incident CVD independent of 

traditional risk factors and components of metabolic syndrome.12 

A recent meta-analysis showed that NAFLD is associated with a 

higher risk of fatal and non-fatal cardiovascular events, such as 

stroke, angina, myocardial infarction, or coronary revasculariza-

tion, compared to those without NAFLD.14 It should be noted that 

patients with NAFLD who are not overweight also have an in-

creased risk of CVD compared with those without NAFLD who are 

not overweight.15 In addition, the risk of CVD in non-overweight 

NAFLD (hazard ratio [HR], 10.4; 95% confidence interval [CI], 

2.61–44.0) was higher than those who are overweight in the set-

ting of NAFLD (HR, 3.14; 95% CI, 0.84–13.2).15 Further studies 

are needed to confirm this finding.

The pathophysiologic mechanisms that link NAFLD and CVD, 

including pro-inflammatory mediators, altered coagulation and fi-

brinolysis, shared metabolic CVD risk factors, have been summa-

rized in the previous literature.7,16 Moreover, evidence suggests 

that NAFLD is associated with an increased risk of premature ath-

erosclerosis.12,17,18 Thus, aggressive screening for metabolic and 

CVD risk factors as well as risk factor modification are essential 

strategies to reduce the risk of CVD mortality.19

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

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

guidelines recommend screening for metabolic risk factors in pa-

tients with NAFLD; however, at this time there is no role for 

screening asymptomatic individuals with NAFLD for CVD.1,20 An 

algorithm to screen and manage metabolic risk factors, including 

obesity, diabetes, dyslipidemia, and hypertension, in patients with 

NAFLD, has been proposed by Wong and Lim.19 Currently, there 

are nonpharmacological, pharmacological, and surgical manage-

ment strategies with the potential to reduce CVD risk in individu-

als with NAFLD.

Nonpharmacological strategy

Nonpharmacological management or lifestyle modifications, in-

cluding weight loss, increased physical activity, and diet control, 

should be recommended to every patient with NAFLD. Lifestyle 

modifications, especially in the early stages, are associated with 

reduced CVD risk as well as improved results of blood tests for 

liver function, hepatic steatosis, liver histology, and fibrosis in pa-

tients with NAFLD.1 Greater than 5% weight loss is associated 

with an improvement in hepatic steatosis and reduction in NAFLD 

activity score. In contrast, weight loss of greater than 10% is also 

associated with fibrosis regression.1,20,21 Despite the benefits of 

weight loss, few can achieve significant weight loss with lifestyle 

interventions. Only 50% of patients in an intensive lifestyle inter-

vention program were able to achieve greater than 7% weight 

loss at 12-month follow-up, and there were concerns regarding 

the sustainability of the weight loss.21

A calorie-restricted diet for more than 1 year has been shown 

to significantly lower atherosclerosis risk in NAFLD.22,23 In addi-

tion, caloric restriction has been shown to reduce liver fat con-

tent.24 Daily reduction by 500–1,000 kcal has been recommended 

for patients with NAFLD by several guidelines.1,20,25 Moreover, sev-

eral studies recommend restricting processed food, red meat, sat-

urated fat, as well as beverages containing high fructose and arti-

ficial sweeteners.1,20,26-28 An epidemiological study comprised of 

an ethnically diverse population showed that decreasing con-

sumption of red and processed meat, cholesterol, and poultry and 

increasing fiber consumption may reduce the risk of NAFLD and 

NAFLD-related cirrhosis.29 Recently, one study showed that a low 
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carbohydrate Mediterranean diet decreases liver fat more than a 

low-fat diet in NAFLD.30 A large randomized controlled trial dem-

onstrated a decreased incidence of CVD events in individuals con-

suming a Mediterranean diet based on extra-virgin olive oil and 

nuts compared to consuming a reduced-fat diet.31 A recent sys-

tematic review and meta-analysis showed that in patients with 

NAFLD, adherence to the Mediterranean diet reduced serum tri-

glyceride, total cholesterol, body weight, and insulin resistance, 

all of which are closely tied to cardiovascular health.32 EASL and 

AASLD guidelines both agree that patients with NAFLD should 

avoid substantial amounts of alcohol consumption,1,20 less than  

30 g/day in men and 20 g/day in women.20 Alcohol abstinence is 

highly suggested for those with NASH-cirrhosis to reduce the risk 

of hepatocellular carcinoma.20 Interestingly, coffee consumption 

can be considered as a potential lifestyle modification based on 

the EASL guidelines; this modification is suggested given a recent 

systematic review that demonstrated that coffee consumption is 

inversely related to the severity of steatohepatitis.20,33 Further 

work has shown that more than 3 cups of coffee per day is asso-

ciated with a lower risk of CVD and risk of death post-myocardial 

infarction.20,34-36

Inadequate physical activity or sedentary lifestyle is a risk factor 

associated with NAFLD and CVD.37-39 A recent US population-

based study showed that the prevalence of meeting the physical 

activity guidelines (≥150 min/week) was markedly higher in sub-

jects without NAFLD than those with NAFLD, which was mostly 

attributable to the higher prevalence of leisure-time physical ac-

tivity in those without NAFLD.37 Physical activity is a proven thera-

peutic strategy to improve liver fat content, insulin resistance, and 

decrease the risk of CVD.40-42 In a systemic review and meta-anal-

ysis, exercise interventions were shown to be associated with a 

reduction in liver fat in spite of minimal to no weight loss.43 In a 

recent longitudinal USA population-based study, increasing total 

physical activity was associated with a lower overall and cardio-

vascular mortality in individuals with NAFLD.44 In patients with 

NAFLD, the EASL guideline recommends moderate-intensity aero-

bic physical activity in 3–5 sessions for a total of 150–200 min-

utes per week.20 Although various types of physical activity have 

demonstrated a significant inverse association with advanced fi-

brosis in the USA population study, the ability to physical activity 

alone to improve liver fibrosis needs further study.1,37,45 Therefore, 

current AASLD and EASL guidelines recommend a combination of 

a hypocaloric diet with moderate-intensity physical activity to 

achieve and maintain weight loss over time.1,20

Pharmacological strategy

Several pharmacological therapies may have cardioprotective 

effects in individuals with NAFLD, including anti-diabetic medica-

tions, lipid-lowering medication, antioxidants, semi-synthetic bile 

acid analogs (obeticholic acid), aspirin, and renin-angiotensin sys-

tem (RAS) inhibitors.1,20,46 Table 1 summarizes the potential effects 

of each medication on improvement in NASH, hepatic fibrosis, 

and reduction of the CVD risk.

Anti-diabetic medications which may have the potential cardio-

protective effects in patients with NAFLD include metformin, thia-

zolidinedione, glucagon-like peptide 1 (GLP-1) receptor agonists, 

and sodium-glucose cotransporter type-2 (SGLT-2) inhibi-

tors.1,20,46,47 Recent studies reported that metformin use was asso-

ciated with lower CVD and CVD-related mortality in patients with 

and without diabetes.48,49 However, metformin has not been 

shown to improve NASH or liver fibrosis.50,51 Therefore, current 

guidelines do not recommend metformin for the specific treat-

ment of NASH.50,51

Thiazolidinediones, such as pioglitazone, are peroxisome prolif-

erator-activated receptor agonists with insulin-sensitizing effects 

that have been shown to decrease the progression of liver injury 

and fibrosis in patients with biopsy-proven NASH irrespective of 

diabetes.1,52-54 The pioglitazone versus vitamin E versus placebo 

for the treatment of nondiabetic patients with NASH (PIVENS) trial 

demonstrated an improvement in hepatic steatosis and lobular in-

flammation without improvement in fibrosis scores in nondiabetic 

patients.54 Cusi et al.53 determined that long-term use piogli-

tazone, along with a hypocaloric diet, led to an improvement in 

metabolic and liver histology among patients with NASH and pre-

diabetes or type 2 diabetes. In addition, a recent meta-analysis 

reported that pioglitazone was associated with a reduction of a 

major CVD event in patients with insulin resistance, prediabetes, 

and type 2 diabetes.55 However, it should be noted in a systemic 

review and meta-analysis that pioglitazone was associated with 

an increased risk of heart failure, weight gain, edema, and bone 

fractures.55 These findings of reduced major CVD events, but in-

creased risk of heart failure with pioglitazone were corroborated 

by a recent large umbrella review.56 Thus, the risks and benefits of 

thiazolidinediones should be discussed with the patients before 

starting the medication.

GLP-1 agonists, such as liraglutide, have been studied in pa-

tients with NAFLD and NASH.57,58 A randomized controlled trial 

(phase 2) showed histological improvement and reduced fibrosis 

progression as well as weight loss in patients with NASH who re-
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ceived liraglutide 1.8 mg/day for 48 weeks compared to placebo.58 

A subsequent study reported that patients with uncontrolled type 

2 diabetes who received liraglutide 1.2 mg/day for 6 months had 

significantly reduced liver fat content.59 Moreover, liraglutide has 

been demonstrated to be associated with a decreased risk of CVD 

and cardiovascular mortality in type 2 diabetes.60,61 Although the 

current AASLD guideline suggests that it is premature to consider 

GLP-1 agonists for the treatment of NASH or NAFLD,1 emerging 

evidence has suggested a cardioprotective effect of liraglutide in 

type 2 diabetes.60,61 Therefore, GLP-1 agonists may be considered 

for the treatment of diabetes in patients with NAFLD given its as-

sociated cardioprotective effect. 

SGLT-2 inhibitors represent another pharmacologic option. A re-

cent meta-analysis showed that SGLT-2 inhibitors are associated 

with the improvement of results of blood tests for liver function, 

hepatic fat content, and hepatic fibrosis in patients with type 2 

diabetes with NAFLD.62 In addition, studies also supported the 

cardioprotective effect of SGLT-2 inhibitors in patients with type 2 

diabetes.63,64 Current guidelines did not provide any recommenda-

tions for SGLT-2 inhibitors use for the treatment of NASH or 

NAFLD.1,20,25 Further studies are warranted to investigate the car-

dioprotective effect of long-term SGLT-2 inhibitors use in patients 

with NAFLD. It should be noted that SGLT-2 inhibitors are associ-

ated with the genitourinary tract infections, and less frequent ad-

verse events, such as diarrhea, acute kidney injury, and bone frac-

tures.65

Dipeptidyl peptidase 4 (DPP-4) inhibitors, such as sitagliptin, 

were evaluated among patients with NAFLD. Several studies dem-

onstrated that patients with type 2 diabetes and NASH who re-

ceived sitagliptin showed improvement in results of blood tests 

for liver function, parameters in diabetes, liver fat content, and 

liver histology.66,67 However, there have been some conflicting re-

Table 1. Summary of potential interventions for nonalcoholic fatty liver disease

Intervention
Improvement of 

nonalcoholic steatohepatitis
Improvement of hepatic 

fibrosis
Cardioprotective effects

Lifestyle modification

Weight loss √ √ √

Dietary modification (calorie 
restriction, Mediterranean diet, 
low carbohydrate diet)

√ √ √

Physical activity √ √ √

Pharmacological treatment

Metformin No benefit No benefit Potential benefit

Thiazolidinedione √ Inconclusive Potential benefit but increase risk of 
heart failure

GLP-1 receptor agonists √ √ Potential benefit

SGLT-2 inhibitor √ √ Potential benefit

DPP-4 inhibitor Inconclusive No benefit No benefit

Statins No benefit Inconclusive √

Omega-3-fatty acids No benefit No benefit No benefit

Vitamin E √ No benefit No benefit

Ursodeoxycholic acid √ Inconclusive No benefit

Obeticholic acid √ √ Unknown, possible increase risk of 
CVD due to increase LDL-cholesterol

Aspirin Unknown Inconclusive √

Renin-angiotensin inhibitors Unknown √ √

Surgical management

Bariatric surgery √ √ √

GLP-1, glucagon-like peptide 1; SGLT-2, sodium-glucose cotransporter type-2; DPP-4, dipeptidyl peptidase 4; CVD, cardiovascular disease; LDL, low-density 
lipoprotein.
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sults on the impact of DPP-4 inhibitors use on liver histology. In a 

small placebo-controlled trial in 12 patients with biopsy-proven 

NASH, there was no improvement of hepatic fibrosis or liver his-

tology after 24 weeks of sitagliptin therapy.68 However, a subse-

quent randomized controlled trial showed that one year of sita-

gliptin 100 mg daily in patients with NASH led to an improvement 

in liver histology and hepatocyte ballooning, but without any 

change in fibrosis scores; these improvements were noted irre-

spective of diabetes.69 Studies suggested that sitagliptin could be 

safely used in type 2 diabetes and not associated with an in-

creased risk of major adverse CVD events nor was it associated 

improved CVD outcomes.70,71 In a comparative cohort study, initia-

tion of SGLT-2 inhibitors was associated with lower risks of heart 

failure, myocardial infarction, and stroke compared to initiation of 

DPP-4 inhibitors.72 Current guidelines did not discuss the role of 

DPP-4 inhibitors in patients with NASH or NAFLD, but given the 

associated cardioprotective effect with other agents, such as 

SGLT-2 inhibitors, for the treatment of diabetes, clinicians should 

consider favoring anti-diabetic agents with associated cardiopro-

tective effects in patients with NAFLD.

Despite the fact that statins are approved for primary preven-

tion of CVD in high-risk patients given the well-known protective 

effects against CVD, there is insufficient evidence to recommend 

statin use for the treatment of liver disease in individuals with 

NAFLD.73,74 Despite inconsistent results regarding improvement in 

liver histology and liver chemistries in patients with NASH,75-79 

statins use has been demonstrated to improve surrogate markers 

of serum lipids for CVD prevention.80 Statins have been known to 

be safe for the treatment of dyslipidemia in patients with NAFLD 

or NASH but should be avoided in patients with decompensated 

cirrhosis due to NASH.1,20,81 At present, given that the high risk of 

CVD mortality in patients with NASH or NAFLD, the benefits of 

statins use for the treatment of dyslipidemia outweigh the risk for 

adverse effects from statins and should be considered in the 

treatment of dyslipidemia.1,20

Omega-3 fatty acids are approved for the treatment of hypertri-

glyceridemia but are not currently recommended for treatment of 

NAFLD or NASH1,20,82,83 or for primary prevention of CVD.84,85

AASLD guidelines recommend considering vitamin E 800 IU per 

day for nondiabetic biopsy-proven NASH without cirrhosis after 

discussing the risk and benefit of the medication based on the 

PIVENS trial.1,54 At present, there is no strong evidence evaluating 

the cardioprotective effect of vitamin E in patients with NAFLD. In 

the general population, there is no evidence for reduced CVD risk 

associated with vitamin E supplementation.86,87 Ursodeoxycholic 

acid (UDCA) was not recommended by the current guideline for 

the treatment of NASH since several large multicenter trials 

showed no histologic benefit over placebo.1,20,88 Similar to vitamin 

E, further studies are warranted to investigate the possible cardio-

protective effect of UDCA specifically in patients with NAFLD.

Obeticholic acid is a promising agent for the treatment of 

NASH. A recent multicenter randomized controlled phase 3 trial 

reported that patients with NASH who received obeticholic acid 

25 mg daily had significant improvement in hepatic fibrosis, his-

tology, and key components of disease activity in NASH.89 It 

should be noted that obeticholic acid is associated with adverse 

events, including dose-related pruritus, elevated total cholesterol, 

and low-density lipoprotein (LDL) cholesterol level, some of which 

are postulated to be transient given elevated LDL cholesterol lev-

els at 1 month, then approached baseline at 18 months. However, 

further studies are warranted to determine the real-world impact 

of obeticholic acid on the risk of CVD, especially given the unde-

sirable effect of obeticholic acid on the lipid profile in patients 

with NAFLD.

Currently, there are no randomized controlled trials regarding 

the cardioprotective effect of aspirin, especially in patients with 

NASH or NAFLD. Observational studies with biopsy-proven 

NAFLD have shown that daily aspirin use was associated with less 

severe histologic features of NASH and fibrosis, and daily aspirin 

users had a significantly lower risk for developing advanced fibro-

sis, which appeared to be duration dependent.90,91 Current guide-

lines do not provide any recommendations regarding daily aspirin 

use in patients with NAFLD. Further longitudinal studies are re-

quired to determine the cardioprotective effect and hepatoprotec-

tive effect of aspirin in patients with NASH. 

A meta-analysis study of four trials of 210 patients with ad-

vanced fibrosis due to multiple etiologies showed that RAS inhibi-

tor use is associated with a reduction in hepatic fibrosis scores 

and area of fibrosis; however, high-quality large randomized con-

trolled trials are required to confirm these findings.92 Current 

AASLD guidance does not discuss the role of RAS inhibitors for 

the treatment of NAFLD. Further studies are needed to investigate 

the effect of RAS inhibitors on liver histology and fibrosis as well 

as CVD risk among patients with NAFLD.

Surgical management strategy

Bariatric surgery is an option for patients with NASH who re-

main unresponsive to lifestyle and pharmacological manage-

ment.1,93,94 Many observational studies have shown an improve-
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ment in histology and fibrosis in patients with NASH following 

bariatric surgery.95-97 A prospective study of 109 patients with 

NASH found that hepatic fibrosis improved in 33% of patients, 

and 85% of patients had NASH resolution at a 1-year follow-up 

liver biopsy.97 A meta-analysis showed that bariatric surgery re-

sults in the resolution of steatosis (66%), lobular inflammation 

(50%), and fibrosis (40%) in patients with NAFLD.93 Previous 

studies have shown a lower risk of CVD events and incident heart 

failure in patients who underwent bariatric surgery.98,99 Further 

studies are needed to investigate whether bariatric surgery has a 

potential cardioprotective effect in the setting of NAFLD or NASH.

In summary, patients with NASH or NAFLD should be screened 

for risk factors associated with CVD, such as abdominal obesity, 

diabetes, dyslipidemia, metabolic syndrome, and hypertension, 

and initiate early treatment to prevent CVD complications. Early 

lifestyle modifications (7–10% of body weight loss, dietary 

changes, and increasing physical activity) remain the cornerstone 

for primary and secondary prevention of CVD. Monitoring fasting 

blood glucose, hemoglobin A1c, blood pressure, and lipid profiles 

in patients with NAFLD has been proposed in previous litera-

ture.7,100 Based on the current AASLD guidelines, statins can be 

used for the treatment of dyslipidemia in patients with NAFLD 

and NASH, but there is no approved medication for the treatment 

of NASH to prevent CVD.1,20 In terms of surgical interventions, 

bariatric surgery has been shown to improve liver histology and fi-

brosis in NASH.93 However, long-term outcome studies are needed 

to investigate the impact of bariatric surgery on CVD risk reduc-

tion among patients with NAFLD or NASH.

TYPE 2 DIABETES MELLITUS

NAFLD has been shown to be an independent risk factor for 

type 2 diabetes mellitus. NAFLD and type 2 diabetes share several 

pathophysiologic backgrounds, including obesity, insulin resis-

tance, and metabolic syndrome.1,6 A study evaluating the associa-

tion between NASH and insulin resistance showed that most pa-

tients with NASH have insulin resistance and that the association 

between NASH and insulin resistance is independent of obesity.101 

A recent meta-analysis demonstrated the high global prevalence 

of NAFLD (55%; 95% CI, 47.3–63.7%) and NASH (37.3%; 95% 

CI, 24.7–50.0%) in patients with type 2 diabetes.102 Advanced fi-

brosis in patients with NAFLD and type 2 diabetes is approxi-

mately 17% (95% CI, 7.2–34.8%).102 In addition, a meta-analysis 

demonstrated the increased incidence of type 2 diabetes in pa-

tients with NAFLD with a pooled HR of 2.22 (95% CI, 1.84–2.60).103 

However, it should be noted that NAFLD and type 2 diabetes have 

a bidirectional relationship and can develop simultaneously, which 

can confound the prevalence of NAFLD in type 2 diabetes.1 This 

emphasizes the importance of increased awareness of the associ-

ation between NAFLD and type 2 diabetes to all important stake-

holders, including primary care physicians, specialists, and policy-

makers. The current AASLD guidance states that noninvasive 

fibrosis imaging, such as vibration-controlled transient elastogra-

Table 2. Summary of potential treatment strategy for extrahepatic manifestations in nonalcoholic fatty liver disease

Extrahepatic manifestations
Behavioral intervention (weight loss, 

diet restriction, physical activity)
Pharmacological treatment Bariatric surgery

Cardiovascular disease √ Possible aspirin, statins, RAS inhibitor Potential benefit

Type 2 diabetes mellitus √ Diabetic medication (metformin, 
thiazolidinedione, GLP-1 agonist, SGLT-2 
inhibitor, DPP-4 inhibitor), aspirin, statins

√

Metabolic syndrome √ Possible statins No indication

Hypertension √ Possible RAS inhibitors No indication

Chronic kidney disease √ Possible RAS inhibitors No indication

Extrahepatic malignancy √ No indication No indication

Obstructive sleep apnea √ No indication No indication

Hypothyroidism √ Thyroid replacement therapy No indication

Polycystic ovarian syndrome √ Metformin No indication

Psoriasis √ Possible TNF-inhibitor (etanercept) No indication

RAS, renin-angiotensin system; GLP-1, glucagon-like peptide 1; SGLT-2, sodium-glucose cotransporter type-2; DPP-4, dipeptidyl peptidase 4; TNF, tumor 
necrosis factor.
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phy, can be used to stratify patients with NAFLD as low or high 

risk for advanced fibrosis.1 At this time, routine screening for 

NAFLD in patients with type 2 diabetes is not advised due to the 

uncertainty of diagnostic tests and treatment options and the lack 

of evidence to support long-term benefits with cost-effective 

screening.1 However, given the increased risk of type 2 diabetes in 

patients with NAFLD, annual screening for type 2 diabetes with 

glycosylated hemoglobin or oral glucose tolerance test was pro-

posed in a recent study.104 A study suggests that NAFLD screening 

in individuals with type 2 diabetes may be potentially valuable 

and cost-effective.105 The treatment strategy for type 2 diabetes in 

patients with NAFLD is summarized in Table 2.

CHRONIC KIDNEY DISEASE (CKD)

Several studies demonstrated that NAFLD was independently 

associated with the risk of CKD regardless of cardiorenal risk fac-

tors status such as obesity, hypertension, or type 2 diabetes.106-112 

In a systematic review and meta-analysis, the severity of NAFLD 

was associated with an increased risk and severity of CKD, which 

remained significant in diabetic and nondiabetic populations as 

well as in studies that adjusted for typical CKD risk factors.113 

Moreover, a recent meta-analysis demonstrated a significantly in-

creased risk of albuminuria in patients with NAFLD, which can 

predispose to CKD.114 A recent review article summarized potential 

mechanisms between NAFLD and CKD, such as shared risk factors 

(type 2 diabetes, metabolic syndrome, obesity, hypertension), 

perturbation of the intestinal microbiota, prothrombotic state, 

platelet activation, and increased uric acid levels.110 The current 

guidelines did not address the management of CKD in patients 

with NAFLD or NASH.1,20 Some experts have proposed a potential 

screening strategy, which includes yearly urine microalbumin, al-

bumin/creatinine ratio, and glomerular filtration rates in patients 

with NAFLD or NASH for early detection of CKD especially those 

with comorbid conditions, such as type 2 diabetes and obesity; 

however, there is insufficient evidence to establish formal guide-

lines for screening CKD in patients with NAFLD.100

EXTRAHEPATIC MALIGNANCY

Extrahepatic malignancy-related mortality has been shown to 

be among the top three common causes of death in patients with 

NAFLD or NASH.10,115 A recent study based on the USA national 

mortality database showed that hematologic and solid cancer-re-

lated mortality among subjects with NAFLD had significantly in-

creased in the recent decade.11 A recent longitudinal cohort study 

demonstrated that NAFLD was associated with a higher risk of 

extrahepatic malignancy including uterine cancer (incidence rate 

ratio [IRR], 2.3; 95% CI, 1.4–4.1), gastric cancer (IRR, 1.8; 95% 

CI, 1.3–4.1), pancreatic cancer (IRR, 2.0; 95% CI, 1.2–3.3), and 

colon cancer (IRR, 1.8; 95% CI, 1.1–2.8) after 21 years of follow 

up.116 NAFLD was associated with an estimated 2-fold increased 

risk of malignancy, especially within the liver, gastrointestinal 

tract, and uterus.116 In a systematic review and meta-analysis, 

NAFLD was associated with various extrahepatic malignancies, 

colorectal cancer (pooled odds ratio [OR], 1.72; 95% CI, 1.40–

2.11), colorectal adenoma (pooled OR, 1.37; 95% CI, 1.29–1.46), 

intrahepatic cholangiocarcinoma (pooled OR, 2.46; 95% CI, 

1.77–3.44), extrahepatic cholangiocarcinoma (pooled OR, 2.24; 

95% CI, 1.58–3.17), and gastric cancer (pooled OR, 1.74; 95% CI, 

1.03-2.95).117 Given this data, clinicians should be aware of the 

concern for increased risk of extrahepatic malignancy in patients 

with NAFLD. Physicians should emphasize that patients with 

NAFLD are up to date with their cancer surveillance, including co-

lon cancer and breast cancer surveillance based on current guide-

lines. Patients should be counseled regarding behaviors that may 

be associated with an increased cancer risk, such as heavy alcohol 

consumption and smoking.

OBSTRUCTIVE SLEEP APNEA (OSA)

OSA has been shown to be correlated with the presence of 

NAFLD and severity of NAFLD, including lobular inflammation, 

ballooning degeneration, and fibrosis.118-120 A recent study demon-

strated an increased prevalence of NAFLD in patients with OSA, 

even in the absence of obesity or metabolic syndrome.120 The data 

on the association between OSA and fibrosis are mixed. The de-

gree of hypoxic burden due to OSA is associated with increased 

fibrosis.118,121,122 However, in a cohort of nearly 1,300 subjects with 

suspected OSA, the associated risk of hepatic fibrosis was not sig-

nificant in the multivariate model.123 There are some evidences 

that the treatment of OSA with continuous positive airway pres-

sure is associated with significant biochemical improvement and 

reduction in NAFLD-related fibrosis.124

Despite these associations between OSA and NAFLD, there are 

no guidelines for screening for OSA in the setting of NAFLD. A re-

cent review by Mesarwi et al.,118 proposed screening patients with 
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NAFLD for OSA, because a large proportion of those with OSA 

are relatively asymptomatic. Further studies are required to assess 

the utility and cost-effectiveness for screening all patients with 

NAFLD for OSA. In general, behavioral modifications to promote 

weight loss are key, given the associated improvement in OSA se-

verity and reduced upper airway collapsibility, and should be 

strongly recommended to patients with NAFLD and OSA.125,126

HYPOTHYROIDISM

Subclinical hypothyroidism or overt hypothyroidism is associated 

with an increased risk of NAFLD compared to euthyroid individu-

als.127-131 Low thyroid function within euthyroid individuals was 

significantly associated with NASH and advanced fibrosis.128,132 A 

recent study based on the USA population-based study docu-

mented that low thyroid function was associated with a higher 

risk for overall and cardiovascular mortality in individuals with 

NAFLD.133 The mechanism between hypothyroidism and NAFLD is 

thought to be related to increases in reactive oxygen species, 

leptin hormone, and fibroblast growth factor-21, which lead to 

hepatic insulin resistance and NAFLD.130,131 Currently, resmetirom 

(MGL-3196), an orally active, liver-directed, selective thyroid hor-

mone receptor-beta agonist, is a potential drug for the treatment 

of NASH and hyperlipidemia.134,135 A recent randomized, placebo-

controlled phase 2 trial reported that resmetirom resulted in a sig-

nificant reduction in hepatic fat content after 12 weeks and 36 

weeks of treatment among patients with NASH.136 Currently, there 

is insufficient evidence that screening hypothyroidism in individu-

als with NAFLD is cost-effective. However, physicians should be 

aware of the association between NAFLD and hypothyroidism be-

cause hypothyroidism is a modifiable risk factor. In a review by 

VanWagner and Rinella,100 screening for thyroid dysfunction is 

recommended in patients with NASH.

POLYCYSTIC OVARIAN SYNDROME (PCOS)

PCOS is a common endocrinopathy in reproductive women that 

is associated with insulin resistance, elevated androgens, and 

Figure 1. Evaluation and management of extrahepatic manifestations of nonalcoholic fatty liver disease. RAS, renin-angiotensin system.
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other metabolic comorbidities.137 A recent meta-analysis showed 

that patients with PCOS had an approximately 3-fold higher risk 

of NAFLD independent of obesity status.138 Hyperandrogenism 

was a risk factor for nonobese NAFLD independent of obesity, lip-

id profile, insulin resistance, or glycemic status, proposing a con-

tribution of hyperandrogenism to nonobese NAFLD with PCOS.139 

In a retrospective study of reproductive age women with biopsy-

proven NAFLD, PCOS was independently associated with more 

severe NASH, including advanced fibrosis.140 The mechanism be-

hind the association is likely related to insulin resistance, which is 

a hallmark feature of PCOS.141 Lifestyle modifications, including 

weight loss, increasing physical activity, and avoiding a high-fat 

diet, are the cornerstones of the initial treatment for both NAFLD 

and PCOS.142 Metformin can be used in patients with PCOS, but it 

has no role in the management of NAFLD. Currently, there are no 

studies that demonstrate a benefit of screening for PCOS in wom-

en with NAFLD, but hepatologists should ask their reproductive 

age women with NAFLD about irregular menses and hirsutism, 

given the potential implications of undiagnosed PCOS. Further 

studies are warranted to investigate potential treatment options 

for PCOS in those with NAFLD. 

PSORIASIS

Several studies have shown an increased risk of NAFLD in pa-

tients with psoriasis or psoriatic arthritis.143,144 The exact mecha-

nism for the association remains unclear, but it is postulated that 

inflammatory cytokines, such as tumor necrosis factor (TNF)-α, 

play a role in the association between NAFLD and psoriasis.145 

Moreover, the severity of psoriasis was also associated with an in-

creased risk of NAFLD.143,144 In a systematic review and meta-anal-

ysis, NAFLD was associated with an increased risk for psoriasis 

after adjusting for comorbid risk factors.146 A case series reported 

89 patients with psoriasis, metabolic syndrome, and NAFLD who 

received etanercept (TNF-α inhibitor) compared with psoralen-ul-

traviolet A treatment; those who received etanercept had a signif-

icant reduction in aspartate aminotransferase/alanine transami-

nase ratio, fasting insulin, homeostasis model assessment index, 

and C-reactive protein level.147 TNF-α inhibitors may be beneficial 

for psoriasis in patients with NAFLD, but larger cohort studies are 

warranted to confirm this finding. 

CONCLUSION

NAFLD is a multisystemic disease that affects extrahepatic or-

gan systems. Common extrahepatic manifestations in NAFLD in-

clude CVD, type 2 diabetes, metabolic syndrome, extrahepatic 

malignancies, CKD, hypothyroidism, PCOS, and psoriasis. Though 

the current guidelines do not provide guidance on the manage-

ment of extrahepatic manifestation of NAFLD, the foundation of 

treatment for many of the extrahepatic manifestation associated 

with NAFLD remains lifestyle modification, including adequate 

weight loss, physical activity, and dietary modification (Fig. 1). 

Proposed screening strategies for common comorbidities in 

NAFLD include obtaining a fasting blood glucose, hemoglobin 

A1c, blood pressure, lipid profiles, estimated glomerular filtration 

rate, urine microalbumin and albumin creatinine ratio, and thyroid 

function tests; these may be considered in clinical practice to di-

agnose extrahepatic manifestations of NAFLD.100 Physicians 

should also be aware that patients with NAFLD not only have an 

increased risk of hepatocellular carcinoma but of extrahepatic 

cancers as well. Therefore, patients with NAFLD should be kept 

up to date on cancer screening per current recommendations  

(Fig. 1). Further studies are needed to investigate the effect of 

pharmacologic treatment on extrahepatic manifestations of 

NAFLD.
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Hepatocellular carcinoma (HCC) is usually accompanied by chronic liver damage, which sometimes influences the 
selection of HCC treatment. The Barcelona Clinic Liver Cancer (BCLC) staging system, which was first introduced in 1999, 
is the most commonly used worldwide. Although the intermediate-stage (BCLC stage B) includes the largest number 
and heterogeneous HCC patients, the recommended treatment option is transarterial chemoembolization (TACE) only. 
However, recent progress in radical treatments such as hepatic resection, liver transplantation, radiation therapy, and 
percutaneous therapy has made it possible to treat selected patients with BCLC stage B HCC. Radical treatments are 
expected to prolong survival time. To-date, TACE has also progressed. In addition to conventional TACE, balloon-occluded 
TACE and drug-eluting beads TACE are available. These new modalities of TACE will improve therapeutic efficacy and 
reduce adverse events. One of the most serious concerns of TACE is that repeated TACE reduces the treatment effect 
and induces liver function impairment. The decision on when TACE should be interrupted is complex. Many molecular 
targeted agents are now available, and immune checkpoint inhibitors will soon be available for HCC patients with Child-
Pugh class A worldwide. Under these circumstances, in patients with TACE unsuitability, switching to molecular targeted 
agents before deterioration of liver function might improve the prognosis compared to repeated TACE. We should pay 
attention to stop TACE in TACE-unsuitable HCC patients as it can induce the deterioration of liver function. (Clin Mol 
Hepatol 2021;27:236-245)
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INTRODUCTION

Liver cancer is the third leading cause of cancer-related death 

and ranks the sixth most common neoplasm, with 841,080 diag-

nosed and 781,631 deaths globally in 2018.1,2 These numbers are 

gradually increasing. Hepatocellular carcinoma (HCC) accounts for 

the majority of primary liver cancers. The majority of HCC devel-

ops in Asian countries.3 Therefore, HCC is a significant health 

threat in Asian countries. HCC has two unique characteristics. 

One is that it usually develops from the chronically damaged liver. 

The other is that HCC repeatedly shows a multi-centric recurrence 

after curative treatment. Recently, several radical and non-radical 

treatments have been developed for HCC. Prognostic assessment 

and treatment allocation are crucial steps in the management of 

patients with HCC. Since most patients with HCC are associated 

with chronic liver diseases, a staging system with the information 

of tumor burden and liver-function reserve has been proposed.

The Barcelona Clinic Liver Cancer (BCLC) staging system has 

been extensively validated and is the most commonly used. The 

BCLC stage B is quite broad and includes a heterogeneous patient 

population. The recommended treatment is transarterial chemo-

embolization (TACE) only. There is growing evidence that more 

aggressive radical treatments such as hepatic resection and radio-

frequency ablation (RFA) are feasible for selected HCC patients 

with BCLC stage B.4 Recently, molecular targeted agents (MTAs) 

have become available for BCLC stage B and C HCC patients with 

Child-Pugh class A.5 In addition, atezolizumab (anti-programmed 

death-ligand-1 [PD-L1] antibody) plus bevacizumab (anti-vascular 

endothelial growth factor [VEGF] antibody) has proven to be the 

superior to sorafenib in phase 3 randomized controlled trial (RCT).6 

This combination treatment is available for BCLC stage B and C 

HCC patients. As these new systemic therapies are restricted to 

HCC patients with Child-Pugh class A, another treatment will be 

required for BCLC stage B HCC patients with Child-Pugh class B. 

Figure 1. Barcelona Clinic Liver Cancer (BCLC) staging and treatment strategy. Modified from Forner et al.8 with permission from Elsevier. HCC, hepa-
tocellular carcinoma; ECOG, Eastern Cooperative Oncology Group; PS, performance status; BSC, best supportive care. *Currently, sorafenib followed by 
regorafenib has been shown to be effective. Lenvatinib has been shown to be non-inferior to sorafenib, but no second-line option after Lenvatinib 
has been explored.
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There seems to be an increasing unmet need between guideline-

recommended therapy and recent evidence-based treatment in 

BCLC stage B HCC. In this review, we will raise the problems at 

the moment and discuss to fill the gap between guideline-recom-

mended therapy and recent evidence-based treatment in BCLC 

stage B HCC.

BRIEF REVIEW OF BCLC STAGING SYSTEM

In 1999, the BCLC staging system was first introduced.7 The lat-

est BCLC staging system consists of five stages (0, very early-

stage; A, early-stage; B, intermediate-stage; C, advanced-stage; 

D, terminal-stage) (Fig. 1). Among five stages, BCLC stage 0 (sin-

gle nodule <2 cm in diameter, Child-Pugh class A, Eastern Coop-

erative Oncology Group [ECOG] performance status [PS] 0) or A 

(≤3 nodules <3 cm in diameter, Child-Pugh class A or B, PS 0) 

HCC is a candidate for curative treatment (i.e., hepatic resection, 

RFA, transplantation). In these stages, the estimated survival time 

is 5 years or more. BCLC stage B (nodules out of Milan criteria 

without vascular invasion or extrahepatic metastasis, Child-Pugh 

class A or B, PS 0) is a candidate for TACE. The estimated survival 

time is more than 2.5 years. BCLC stage C comprises advanced 

HCC with vascular invasion, extrahepatic metastasis, and mild 

cancer-related symptoms or both (ECOG PS 1–2). Today, these 

patients are usually treated with MTAs. The estimated survival 

time is more than 1 year. HCC patients with BCLC stage D have a 

poor liver function (Child-Pugh class C) and severe cancer-related 

symptoms (ECOG PS 3–4). The estimated survival time is only 3 

months.8

SUBCLASSIFICATION OF BCLC STAGE B

The Bolondi criteria subdivided BCLC stage B based on liver 

function, tumor burden and ECOG PS.9 Subsequent studies have 

proposed various novel subclassification systems. In some of 

them, radical treatments were recommended as treatment op-

tions for patients with BCLC stage B HCC.10 In a retrospective 

analysis of 80 patients with BCLC stage B HCC, Ciria et al.11 re-

vealed that the 5-year survival rate was higher in stage B1 than in 

stages B2 and B3–4. They proposed the selection of hepatic re-

section for stage B1. As mentioned, few high-level studies are 

evaluating the therapeutic efficacy of percutaneous treatment or 

radiation therapy in patients with BCLC stage B HCC. In addition, 

as radical treatments sometimes require highly complex technical 

procedures, the selection criteria of each radical treatment for 

BCLC stage B HCC will be institution-dependent. However, ex-

panding the indications for radical treatments and adding radical 

treatments to the first option will improve the survival benefit of 

patients with BCLC stage B HCC. It would be necessary to stan-

dardize the allocation of patients with BCLC stage B HCC for each 

radical treatment.

 

POSSIBLE CURATIVE INTERVENTIONS FOR 
BCLC STAGE B HCC

Hepatic resection

The optimal candidate for hepatic resection is HCC patients 

with Child-Pugh class A, without clinical signs of portal hyperten-

sion and limited tumor burden.9 In RCT comparing hepatic resec-

tion and TACE for HCC beyond Milan criteria, Yin et al.4 reported 

that the 1-, 2-, and 3-year overall survival rate were 76.1%, 

63.5%, and 51.5%, respectively, for hepatic resection group com-

pared with 51.8%, 34.8%, and 18.1%, respectively, for TACE 

group (P<0.001). In addition, a meta-analysis utilizing one RCT 

and high-quality nonrandomized studies revealed that a signifi-

cant survival benefit was shown for hepatic resection (hazard ra-

tio, 0.53; 1-year survival rate for hepatic resection vs. TACE: 84% 

vs. 68%; 5-year survival rate for hepatic resection vs. TACE: 45% 

vs. 23%; respectively), suggesting that hepatic resection should 

be considered as a therapeutic option tailored to a carefully se-

lected group of BCLC stage B HCC patients with well-preserved 

liver function.12

Liver transplantation

The Milan criteria (single tumor ≤5 cm or 3 nodules ≤3 cm) are 

the most common criteria worldwide. Five-year survival rate and 

5-year recurrence rates within the Milan criteria were 71.3% and 

12.3%, respectively.13 The advancement of surgical techniques 

made it possible for liver transplantation beyond the Milan crite-

ria. Five-year survival rates within the Asan criteria (nodule ≤5 

cm, number of nodules ≤6), University of California San Francisco 

criteria (single nodule ≤6.5 cm, or 3 nodules ≤4.5 cm with total 

tumor diameter ≤8 cm), up-to-7 criteria (the sum of maximum tu-

mor diameter and number <7) were 70.9%,13,14 80.9%,15 and 

71.2%,13 respectively. These findings imply that liver transplanta-
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tion is a treatment option for selected patients with BCLC stage B 

HCC. However, the available donor organ shortage is still a critical 

problem worldwide.

Percutaneous treatment

A retrospective study with 254 BCLC stage B HCC patients 

showed that RFA demonstrated a survival benefit at 1-year com-

pared with locoregional treatment (mostly TACE).16 In addition, a 

retrospective multi-center study showed the superiority of prog-

nosis in curative treatment, including liver transplantation, hepatic 

resection, RFA, and percutaneous ethanol injection therapy after 

the adjustment for all of the confounding factors.17 However, 

these were all retrospective studies. There is no RCT or meta-

analysis study comparing the therapeutic efficacy of percutaneous 

treatment and that of TACE. Therefore, it is questionable to con-

clude the therapeutic benefit of percutaneous treatment in select-

ed HCC patients with BCLC stage B.

Radiation therapy

Stereotactic body radiotherapy (SBRT) has emerged as a good 

treatment option for HCC.18 Comparative studies were conducted 

to compare the therapeutic efficacy of SBRT and RFA.19,20 However, 

the results were controversial. In a systematic review evaluating 

the therapeutic effect of SBRT for HCC less than 5 cm in median 

diameter, SBRT showed high local control and good overall surviv-

al which is compatible with RFA and hepatic resection.18 In addi-

tion, SBRT was associated with low levels of early and late toxici-

ties. Kim et al.21 compared the therapeutic effect of SBRT and RFA 

with a propensity score matching technique and concluded that 

SBRT could be an alternative treatment to RFA, especially for larg-

er HCCs (>3 cm) in a subphrenic location. These findings imply 

that SBRT could be a radical treatment option for selected BCLC 

stage B HCC patients. However, to confirm the benefits of SBRT 

and provide evidence for its use as a treatment option for selected 

BCLC stage B HCC patients, high-level RCTs are indispensable. 

Transarterial radioembolization (TARE) is a catheter-based inter-

vention where radioactive beads loaded with a beta-emitter Yttri-

um-90 are injected into the artery that supplies the HCC.22 The 

overall survival (OS) is comparable between TACE and TARE.23 Re-

cently, two phase 3 trials in Europe (SARAH)24 and in Asia-Pacific 

lesion (SIRveNIB)25 showed TARE to be associated with higher re-

sponse rate, longer time to progression, and lower adverse 

events. However, TARE failed to improve OS compared with 

sorafenib in BCLC stage B and C. At the European Society for 

Medical Oncology Asia meeting in 2018, TARE was recommended 

as an alternative treatment for TACE as first-line treatment for 

HCC patients and as a treatment for TACE-failed HCC patients 

with BCLC stage B.26

RECENT PROGRESS OF TACE AND SYSTEMIC 
THERAPY FOR BCLC STAGE B HCC

Conventional TACE (cTACE)

The TACE technique was first developed and reported by Yama-

da et al.27 in 1978. In 2002, two RCTs demonstrated the survival 

benefit of TACE.28,29 In addition, a meta-analysis showed an im-

proved 2-year survival rate in HCC patients treated with TACE 

compared with conservative managements.30 These high-grade 

evidence reports support the recognition of TACE as a standard 

treatment for patients with BCLC stage B HCC. The current medi-

an survival exceeds 30–40 months.31 Although TACE is the only 

recommended standard treatment for BCLC stage B HCC, the ap-

plicability of TACE in BCLC stage B is 50%.32 The good candidates 

for TACE are asymptomatic limited multifocal or solitary HCCs that 

are not indications of radical treatments with well-preserved liver 

function (Child-Pugh score <8).28,33 Absolute and relative contra-

indications are as follows: large HCC ≥10 cm in diameter, impair-

ment of liver function, vascular invasion, or extrahepatic spread.34 

There is no properly evaluated comparative study of survival be-

tween on-demand TACE, that is, in cases of incomplete response 

to the previous TACE or appearance of new lesions and TACE with 

regular intervals. However, on-demand TACE has become the 

standard treatment, because excessive TACE induces complica-

tions and liver function impairment.34

Modified response evaluation criteria in solid tumors (mRECIST), 

which recognizes TACE induced tumor necrosis, as indicated by 

the absence of a contrast agent within the tumor, demonstrated a 

significant association with survival and overall response. The as-

sociation between mRECIST response and survival was proven by 

a recent meta-analysis.35

Balloon-occluded TACE (B-TACE)

Recently, B-TACE has been developed in Japan. B-TACE is gen-

erally defined as the infusion of an emulsion of chemotherapeutic 

agents with lipiodol followed by gelatin particles under the occlu-
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sion of feeding arteries by a microballoon catheter which results 

in dense lipiodol emulsion accumulation in targeted nodules.36 Al-

though no high-grade evidence reports are comparing the thera-

peutic efficacy and the survival benefit between B-TACE and other 

TACE procedures, retrospective and small size studies have shown 

the superiority of therapeutic efficacy in B-TACE compared with 

that in cTACE.37,38 B-TACE is expected to be a promising TACE pro-

cedure for selected patients with BCLC stage B HCC.

Drug-eluting beads TACE (DEB-TACE)

TACE with calibrated doxorubicin-carrying microspheres (DC-

Beads) has been introduced as a novel device capable of ensuring 

more sustained and tumor-selective drug delivery and permanent 

embolization.39 Trials comparing DEB-TACE with cTACE have failed 

to show a survival benefit, but systemic toxicity from chemothera-

py is reduced with DEB-TACE. The multi-center, randomized phase 

II PRECISION V trial indicated that DEB-TACE was better tolerated 

than cTACE, owing to a significant reduction of doxorubicin-relat-

ed adverse events.40 TACE for HCC patients with Child-Pugh class 

B is required to pay more attention to not only therapeutic effica-

cy but also liver-function impairment than for HCC patients with 

Child-Pugh class A. There is no RCT or meta-analysis comparing 

the efficacy and safety of DEB-TACE and cTACE in HCC patients 

with Child-Pugh class B. In several RCTs in favor of DEB-TACE, 

there was a better safety profile with a significant decrease in se-

rious liver-related adverse events and systemic side effects com-

pared with cTACE.41 In a retrospective cohort study, Shimose et al. 

recommended the choice of DEB-TCE for HCC patients with Child-

Pugh class B due to the high incidence of arterio-portal shunt for-

mation in patients with Child-Pugh class A.42

Systemic therapy

In 2008, the SHARP trial assessing the multityrosine kinase in-

hibitor sorafenib (blocking VEGFR2, platelet-derived growth factor 

receptor [PDGFR], and Raf kinases) was the first to significantly 

improve survival.5 In 2018, based on the REFLECT trial, lenvatinib 

(blocking VEGFRs, fibroblast growth factor receptors, RET, KIT, 

and PDGFR A) demonstrated non-inferiority OS benefit versus 

sorafenib.43 Today, sorafenib and lenvatinib are available as a 

first-line MTAs for advanced HCC. Regorafenib (blocking VEGFRs, 

PDGFRs, KIT, and Tie2), cabozantinib (blocking VEGFRs, MET, and 

AXL), and ramucirumab (blocking VEGFR2) have been approved 

as a second-line treatment. All of these drugs are available for 

advanced HCC with Child-Pugh class A. Although these MTAs are 

usually selected for the treatment of BCLC stage C HCC, the ben-

efit of MTAs is even proven in a small subset of BCLC stage B HCC 

patients.44 Today, there are several therapeutic strategies for BCLC 

stage B HCC in the real world, and we should select the most 

suitable treatment option to prolong the survival time and to keep 

the treatable condition as long as possible. The worst therapeutic 

scenario is to continue TACE for HCC with unsuitable TACE and to 

induce the deterioration of liver function.

TACE FAILURE/REFRACTORINESS

 Multi-centric recurrence or intrahepatic metastasis of HCC dur-

ing TACE requires additional TACE procedures. However, repeated 

TACE sometimes induces a decrease in therapeutic efficacy and 

deterioration of liver function. The criterion for TACE discontinua-

tion is not yet fully defined. Bruix et al.45 proposed the concept of 

‘untreatable progression’. Untreatable progression includes major 

progression such as massive liver involvement, extrahepatic 

spread, and vascular invasion, but also minor intrahepatic pro-

gression with impaired liver function and performance status that 

contraindicate treatment. In particular, TACE should not be re-

treated as the following: 1) when it fails to achieve significant ne-

crosis after two treatment sessions; 2) when follow-up treatment 

fails to induce significant tumor necrosis of progressed tumor 

sites; and 3) when the evaluation of the patient with progression 

prevents safe retreatment.45 On the other hand, for the objective 

determination of repeated TACE, the Assessment for Retreatment 

with TACE (ART) score and ABCR score was proposed.46,47 Al-

though the clinical utility remains to be fully determined, these 

scores might support the decision of TACE discontinuation. In Ja-

pan, the concept of TACE failure/refractoriness was proposed. 

TACE failure/refractoriness was defined as follows: 1) an insuffi-

cient response after ≥2 consecutive TACE procedures that is evi-

dent on response evaluation computed tomography or magnetic 

resonance imaging after 1–3 months, even after chemotherapeu-

tic agents have been changed or the feeding artery has been re-

analyzed; 2) the appearance of a higher number of lesions in the 

liver than that recorded in the previous TACE procedure (other 

than the nodule being treated); 3) the continuous elevation of tu-

mor markers; 4) vascular invasion; and 5) extrahepatic spread.48 

Although this concept is not well recognized worldwide, it is well 

accepted and utilized for the decision of TACE discontinuation in 

Japan.
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TREATMENTS FOR TACE-UNSUITABILITY

Kudo et al.49 classified BCLC stage B into following four groups 

in maximum tumor diameter showing poor response to cTACE;  

1) 4–6 nodules and ≤3 cm in maximum tumor diameter showing 

good response to cTACE; 2) <6 nodules and >3–6 cm in maxi-

mum tumor diameter showing good response to cTACE; 3) out of 

up-to-7 criteria with multiple nodules (≥7) showing poor response 

to cTACE; 4) <6 nodules and >6 cm in maximum tumor diameter 

showing poor response to cTACE (Fig. 2). Lenvatinib is the only 

first-line agent to demonstrate a survival benefit over TACE in 

TACE naïve patients out of up-to-7 criteria in a retrospective pro-

Figure 2. Grade of response to cTACE in BCLC stage B HCC. Reprinted from Bruix et al.45 with permission from S. Karger AG. RFA, radiofrequency abla-
tion; cTACE, conventional transarterial chemoembolization; DEB-TACE, drug-eluting beads transarterial chemoembolization; IO, immune-oncology; TKI, 
tyrosine kinase inhibitor; BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular carcinoma.
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Figure 3. Potential therapeutic options in BCLC stage B. BCLC, Barcelona Clinic Liver Cancer; TACE, transarterial chemoembolization; MTA, molecular 
targeted agent; ICI, immune checkpoint inhibitor; TARE, transarterial radioembolization.
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pensity score-matched study.50 Lenvatinib treatment seems to 

show favorable results in TACE-resistant HCC. In decision-tree 

analysis for OS in HCC patients with BCLC stage B, complete re-

sponse (CR) by initial TACE was selected as the most important 

variable. In the decision-tree analysis for CR, <3 liver segments 

with nodules, simple nodular type, and within up-to-7 criteria, 

which are considered as suitable TACE criteria.51 Therefore, in pa-

tients who are ineligible for suitable TACE criteria, switching to 

MTAs before deterioration of liver function or TACE refractory 

might improve the prognosis than repeated TACE.52 A potential 

new therapeutic option in BCLC stage B is indicated in Figure 3.

FUTURE PERSPECTIVES

The possibility of treatment with immune checkpoint 
inhibitors (ICIs)

The Food and Drug Administration (FDA) approved nivolumab 

(anti-programmed cell death protein-1 [PD-1] antibody) and pem-

brolizumab (anti-PD-1 antibody) as an adjunct treatment for HCC 

patients after sorafenib failure, in 2017 and 2018, respectively. 

The FDA approved ipilimumab (CTLA-4 antibody) and nivolumab 

as a combination therapy in 2019. Many clinical trials with ICIs are 

ongoing. Unfortunately, phase 3 trials comparing nivolumab with 

sorafenib in front-line and pembrolizumab with placebo in sec-

ond-line resulted in negative results. In 2019, the IMbrave-150 tri-

al with atezolizumab (anti-PD-L1 antibody) and bevacizumab (an-

ti-VEGF antibody) showed superiority in prolonged OS and 

progression free survival compared with sorafenib.6 The reasons 

why the combination therapy with atezolizumab and bevacizumab 

showed positive results are not fully clarified.

HCC contains a high level of VEGF. In addition to its potent an-

giogenic effect, VEGF enhances the migration of cytotoxic T cells 

to tumor tissue, induces the secretion of interleukin-10 by my-

eloid-derived suppressor cells, and suppresses the maturation of 

dendritic cells (DCs) as well as the cytotoxic activity of T cells. In 

addition, VEGF enhances the migration and proliferation of Tregs 

through VEGF receptor-2. Tregs suppress the maturation of DCs 

and the cytotoxic activity of T cells. VEGF directly inhibits the pro-

Figure 4. Influence of VEGF on tumor immunity. MHC, major histocompatibility complex; TCR, T-cell receptor; DC, dendritic cell; CTLA-4, cytotoxic T-
lymphocyte antigen 4; VEGF, vascular endothelial growth factor; Treg, regulatory T cell; MDSC, myeloid-derived suppressor cell; IL, interleukin; HCC, he-
patocellular carcinoma; TAM, tumor associated macrophage; PD-1, programmed death-1; PD-L1, programmed death ligand 1.
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liferation and cytotoxic activity of T cells through VEGF receptor-2 

on T cells and inhibits the maturation of DCs through VEGF recep-

tor-1 in DCs (Fig. 4).52 These findings clearly indicate that VEGF 

has an immunosuppressive function. In combination therapy with 

atezolizumab and bevacizumab, bevacizumab might support the 

function of atezolizumab by suppressing the immunosuppressive 

function of VEGF. To clarify the precise mechanism of tumor im-

munity will develop a more potent ICIs in HCC. 

Evaluation of liver function

Child-Pugh classification is used to evaluate liver function 

worldwide. In the BCLC staging system, liver function was as-

sessed using the Child-Pugh classification. Recently, the albumin-

bilirubin (ALBI) grading system has been shown to stratify HCC 

patients across BCLC stages.53 Several studies have reported the 

superiority of ALBI grade over Child-Pugh classification to assess 

liver function for therapeutic decision making.54 Further investiga-

tion will be required to clarify a better assessment system of liver 

function for the selection of optimal treatment for HCC with BCLC 

stage B.

Subclassification of BCLC stage B according to 
genetic alterations

Mutations in the TERT promoter region are the most frequent 

genetic alterations (60%) followed by TP53 (30%), CTNNB1 

(30%), and AXIN 1 (10%). HCC is among the solid cancers with 

the fewest somatic mutations that can be targeted with MTAs.55 

However, an integrative genomic analysis may enable the stratifi-

cation between an active immune class and resistance to ICI class 

characterized by activation of the Wnt/-β-catenin pathway.56,57

CONCLUSIONS

BCLC stage B consists of patients with heterogeneous HCC 

(from slightly above the Milan criteria to large/multifocal tumor 

burden). The standard recommended treatment of BCLC stage B 

is TACE. However, hepatic resection, liver transplantation, radia-

tion therapy, and percutaneous therapy have become to be se-

lected for the treatment option of left-hand side on the BCLC 

stage B to prolong survival time in a real world. TACE has also 

progressed and prolonged the survival time. However, repeated 

TACE reduces the treatment effect and induces liver function im-

pairment. Under these circumstances, recent progress of MTAs 

and ICIs will cause a drastic paradigm change for the treatment of 

right-hand side on BCLC stage B.
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INTRODUCTION

Since the identification of hepatitis C cDNA clone along with an 

assay for circulating antibodies in 1989, few diseases have under-

gone such a rapid advance in diagnostics and therapeutics as has 

the treatment of chronic hepatitis C.1,2 A transmissible agent caus-

ing viral hepatitis was proposed in 1951 with multiple subsequent 

reports recognizing that serum hepatitis occurred in persons who 

injected drugs (PWID).3 Prior to the identification of the hepatitis 

C virus (HCV) it was recognized that those with non-A non-B 

hepatitis who received a course of interferon would normalize 

their liver tests. With the identification of the HCV, and improved 
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detection of hepatitis C RNA in serum, it was recognized that in-

terferon-based therapy could lead to sustained clearance of hepa-

titis C from the serum.4 The discovery of hepatitis C genotypes al-

lowed clinicians to further tailor their approach to treatment of 

hepatitis C, with the addition of ribavirin improving sustained re-

sponse rates while adding to the hepatitis C treatment side effect 

profile.5 The identification and characterization of the nonstruc-

tural replication proteins of the HCV allowed for targeting with in-

hibitors of specific replication pathway proteins including the NS3 

protease, the NS5a replication complex, and the NS5a poly-

merase.6 The introduction of all oral direct acting antiviral agents 

(DAAs) has revolutionized the treatment of those with chronic 

hepatitis C. Rather than endure a difficult course of therapy that 

may last 6 to 12 months, treatment of hepatitis C typically lasts 8 

to 12 weeks with sustained response or cure rates well over 90%. 

In this review, we will discuss the current approach to treatment 

of hepatitis C as well as how current and future strategies will 

need to adapt to the evolving epidemiology of hepatitis C infec-

tion to ensure improved rates of diagnosis, linkage to care, and 

treatment. Improved access to therapy, with simplified diagnostics 

and treatment algorithms can provide a framework to allow coun-

tries and regions of the world to initiate plans for successful treat-

ment and elimination of hepatitis C.

Chronic HCV infection is a global health problem, and a leading 

cause of chronic liver disease and hepatocellular carcinoma. 

Worldwide, 71.1 million individuals are estimated to have chronic 

hepatitis C infection with active viremia and in 2015 there was an 

estimated 580,000 people deaths from cirrhosis and liver cancer.7 

It is estimated that 80% of all cases of HCV occur in 31 countries, 

with China, Pakistan, India, Egypt, Russia, and the USA account-

ing for more than 50% of all HCV infections globally. The intro-

duction of the highly effective and tolerable DAAs led the World 

Health Organization (WHO) in 2016 to call for hepatitis B and C 

elimination by 2030, with goals of a 90% reduction in incident 

cases of hepatitis B and C and a 65% reduction in mortality from 

viral hepatitis.8 Currently it is estimated that less than 20% of in-

dividuals with HCV have been diagnosed and only 7% of those 

diagnosed have initiated treatment with only 12 countries report-

ed to be on track at present to reach the WHO goal.9

CHANGING EPIDEMIOLOGY OF HEPATITIS C

There have been changes in the epidemiology of hepatitis C in 

some parts of the world with the opioid epidemic resulting in an 

increase in reported acute HCV, particularly in those who are 

younger.10,11 Worldwide, there may be up 10 million PWIDs with 

an estimated 2/3 of these individuals being infected with HCV.12 

As a result of the opioid epidemic, in certain countries  there is 

now a bimodal age distribution of HCV reflecting a higher preva-

lence of infection in both younger (aged 20–40 years) and older 

(aged >50 years) individuals with injection drug use now the 

leading cause of new infections in the younger population includ-

ing women of child-bearing age.13 In addition, there are approxi-

mately 2.3 million individuals co-infected with HCV and human 

immunodeficiency virus (HIV), with higher prevalence in men who 

have sex with men (MSM) and in injection drug users. It is also 

estimated that there are approximately 10 million individuals who 

are currently incarcerated and the global prevalence of HCV in the 

incarcerated population has recently been estimated at 15.1%. Di-

agnosis and treatment models for these populations must also be 

constructed as a part of a global elimination strategy.14,15

Current care models to treat HCV have historically applied a 

centralized approach. Individuals are diagnosed with HCV, and 

are then referred to specialists for further evaluation, staging of 

liver disease and initiation of treatment. This paradigm evolved 

from the complexities of the prior interferon-based therapies and 

continued through the early stages of the introduction of DAAs. 

This was due to many factors including the expense of initial DAA 

treatments, drug interactions, and the initial large group of indi-

viduals with decompensated liver disease that required close 

monitoring during treatment. Many of these individuals who were 

already in engaged in care were successfully treated and in high 

income parts of the world, successful treatment of HCV has led to 

reductions in listings for transplant for hepatitis C-related cirrho-

sis. This paradigm continues in many parts of the world.16 Howev-

er, there are not enough specialists available to care for the large 

number of HCV-infected individuals worldwide.

Cascade of care for hepatitis C

The current cascade of care for HCV involves multiple steps (Fig. 1). 

Diagnosis of HCV remains the largest gap in the cascade of care. 

Current diagnostic testing is based on serologic assays to detect 

anti-HCV antibodies, but this requires confirmation of active in-

fection, typically by confirming the presence of HCV RNA. Hepati-

tis C screening has historically been based on risk behaviors, risk 

exposures, as well as being part of the evaluation of those with 

abnormal liver chemistries. Risk-based screening has been shown 

to be highly effective in many countries who have universal access 
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to healthcare and defined national strategies to eliminate HCV, 

including universal access to treatment for HCV. As an example, 

Australia, one of the countries currently on track to meet WHO 

guidance for HCV elimination has employed a risk-based strategy 

along with other measures to achieve a diagnosis rate of approxi-

mately 80%.17 Other effective strategies could include universal 

prenatal screening, screening for those who are incarcerated, 

screening those presenting for treatment for opioid use disorder, 

and screening for HCV in emergency departments and during 

hospitalizations. In the USA, recent societal and governmental 

recommendations for universal screening have been added for 

those who are between ages 18 to 70 years of age.18,19 These 

changes were in response to the increasing prevalence of HCV in 

those between the ages of 18 and 40 which has been driven by 

the opiate epidemic. The European Association for the Study of 

Liver Disease 2018 practice guidance recommends HCV screening 

for the general population according to the local epidemiology of 

HCV infection, with testing in areas of intermediate to high serop-

revalence (≥2%–5%), populations at risk of HCV infection, and 

birth cohort testing  and similarly, the Asian Pacific Association 

for the Study of the Liver (APASL) 2016 practice guidance also 

recommends HCV screening based on the geographical region 

and high-risk populations including PWID and MSM.20,21 The WHO 

2017 practice guidance recommends HCV screening for the gen-

eral population in high HCV prevalence countries and for individu-

als with high risk behaviors including PWID, MSM, prisoners, HIV-

infected persons and commercial sex workers, and birth cohort 

testing.22 Moreover, in high risk populations that are successfully 

treated, regular screening protocols for recurrent infection are re-

quired along with efforts for harm reduction. A combination of 

risk-based screening strategies and universal screening strategies 

in areas where risk-based screenings have not been effective will 

be required to diagnose the large number of individuals who are 

unaware of their infection.

Diagnosis and staging of hepatitis C

There are widely available serologic screening tests for HCV and 

for low, middle countries and high income countries with serum 

and point-of-care testing being available at costs as low as 1 USD 

for low and middle income countries (Table 1). Active viremia is 

confirmed with polymerase chain reaction (PCR) testing and can 

be a costly step in the treatment of HCV with the cost of confirm-

ing viremia approaching the cost of hepatitis C treatment in some 

parts of the world. Moreover, point of care testing to confirm vire-

mia remains a logistical challenge and alternatives such as mea-

surement of HCV core antigen should be explored.23 Historically, 

determining the genotype has been part of the standard of care 

in the treatment of hepatitis C and was required to choose or ex-

clude a specific therapy or to determine if additional therapies 

such as ribavirin were required. A genotype is only required if re-

quired to make treatment decisions if pangenotypic therapy is not 

available or if specified by the payor.

Assessment of fibrosis has been essential in the evaluation of 

those with HCV. Those with cirrhosis are at increased risk for he-

patocellular carcinoma, and require additional care including 

monitoring for decompensation, screening for hepatocellular car-

cinoma, and an assessment for the presence or absence of esoph-

ageal varices. While resource limited countries may have limited 

access to subspecialty services to care for those with cirrhosis, fi-

brosis assessment remains an important part of the evaluation of 

those with chronic hepatitis C infection.  Noninvasive assessment 

of fibrosis has replaced liver biopsy with noninvasive tests of fi-

brosis including but not limited to elastography, aspartate amino-

transferase-platelet index (APRI), and fibrosis-4 (FIB-4) with the 

latter 2 being used frequently in resource constrained countries. 

There are a variety of commercial panels and other technologies 

that are available to estimate the level of fibrosis in countries that 

are not resource constrained (Table 2).

Simplified treatment for hepatitis C

Once viremia has been confirmed, those with HCV who can 

comply with therapy are offered treatment with DAA therapy. In 

the past, many populations were excluded from treatment for 

hepatitis C due to side effects of prior interferon-based therapies. 

Global HCV cascade of care
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Figure 1. The cascade of care in hepatitis C. The diagnosis of hepatitis C 
remains the largest gap in the cascade of care. Adapted from Lazarus et 
al.9 HCV, hepatitis C virus.
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At present, the difficult to treat populations are few with high 

sustained virologic response (SVR) rates being achieved in those 

treated with DAAs in cirrhosis patients, HIV/HCV co-infection, re-

nal disease, and transplant populations. Moreover, acute hepatitis 

C infection can be treated effectively with short duration DAA 

therapy and modeling studies have suggested it is cost saving to 

treat all individuals who present with acute hepatitis C.24 The cur-

rent most widely available DAA therapies worldwide may be di-

vided into pangenotypic and genotype specific therapies (Table 3). 

There are now three widely available first line pangenotypic thera-

pies approved for the treatment of hepatitis C in addition to a sal-

vage regimen that is used for those who fail to achieve sustained 

response. Drug-drug interactions must be assessed prior to initia-

tion of therapy but there are relatively few medicines that consti-

tute absolute contraindications to administration of DAA therapy 

where an alternative regimen cannot be found.

Monitoring of those on treatment for HCV has also been simpli-

fied greatly. Previously liver tests, renal function, complete blood 

count, and viral levels were monitored during treatment for safety 

and efficacy. The currently available approved DAAs have high ef-

ficacy and wide safety margins with few exceptions and monitor-

ing may be tailored to those with significant drug interactions, co-

infection with other viruses, and those with cirrhosis. Recent 

practice guidance recommendations and expert opinion have ad-

vocated for simplified treatment algorithms with pangenotypic 

therapy, with minimal monitoring during treatment with confirma-

tion of SVR 12 to 24 weeks after completion of therapy.25,26 These 

emerging simplified treatment strategies will be especially useful 

during the COVID 19 pandemic where there will be challenges in 

Table 1. World Health Organization pre-qualified diagnostic tests

Product Manufacturer Technology

HCV test SD Bioline Standard Diagnostic Korea RDT (Ab)

OraQuick OraSure RDT (Ab)

Rapid Anti-HCV Intec Products RDT (Ab)

STANDARD Q HCV Ab SD Biosensor RDT (Ab)

Confirmatory test GeneXpert Cepheid Near-POC

Genedrive Genedrive Near-POC

Truelab/Truenat Molbio Diagnostics POC

Architect Abbott NAT

Aptima Hologic NAT

CAP/CTM HCV Roche NAT

Versant HCV Siemens NAT

Test-of-cure Truelab/Truenat Molbio Diagnostics POC

Real Time Abbott NAT

Generic Biocentric NAT

Aptima Hologic NAT

Artus HCV Qiagen NAT

Versant HCV Siemens NAT

Adapted from World Health Organization.47,48

RDT, rapid diagnostic test; Ab, antibody; HCV, hepatitis C virus; POC, point of care; NAT, nucleic acid test.

Table 2. Fibrosis assessment tools before initiating HCV therapy

LMICs HICs

Fibrosis-4 All LMICs tools 

Aspartate aminotransferase-
platelets ratio

FibroScan

Platelet count Elastography

US/CT/MRI

Liver biopsy

Commercial serum markers 

Enhanced liver fibrosis panel

Hepascore

HCV, hepatitis C virus; LMICs, low to middle income countries; HICs, high 
income countries; US, ultrasound; CT, computed tomography; MRI, magnetic 
resonance imaging.
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having patients return for clinic visits or obtain monitoring blood 

draws. Populations that may require more careful monitoring in-

clude those with cirrhosis, end-stage renal disease, HCV/HIV or 

HCV/hepatitis B virus (HBV) coinfection, those with hepatocellular 

carcinoma, and those who have undergone solid organ transplan-

tation yet many of these populations can be managed by those 

who directly care for these populations with guidance from hepa-

titis C specialists.

Care models to eliminate hepatitis C

Successful treatment and elimination of hepatitis C and meeting 

2030 WHO guidelines will only occur by reducing stigma and pro-

viding universal access to treatment for those diagnosed with 

hepatitis C. In addition, efforts to engage high-risk populations 

who do not routinely seek or have access to health care will be 

important. Historically, those with untreated opioid use disorder 

or PWIDs were not treated with interferon-based therapies yet 

global control of hepatitis C will only occur when models of care 

for this population are refined to ensure successful diagnosis and 

treatment in this population. In the DAA era, high sustained re-

sponse rates were reported in a seminal study for the treatment 

of hepatitis C in those receiving opiate agonist therapy with re-

ported sustained response rates above 91.5%. Importantly, re-

lapse rates were relatively low with a 2-year follow-up.27 These 

results have been confirmed in a recent meta-analysis that exam-

ined the sustained response rates in 1,702 individuals on opiate 

substitution therapy (OST) and 538 PWID patients with pooled 

SVR rate of 90% for the OST population and pooled SVR rate of 

88% in the PWID population, not different than control popula-

tions. Moreover no differences were seen between these popula-

tions and controls in adherence and discontinuation rates with re-

infection rates ranging from 0 to 12.5 per 100 person years.28

Sexual transmission of hepatitis C in MSM has been responsible 

for multiple outbreaks of hepatitis C. The incidence of hepatitis C 

in HIV-infected MSM has been estimated to be 6.35/1,000 per-

son-years.29 An increased HCV incidence have been associated 

with the recent emerging use of chemsex (also known as party 

and play) which includes crystal methamphetamine, gamma-hy-

droxybutyrate, or mephedrone, with phosphodiesterase-5 inhibi-

tors before or during sex.30 Behavioral factors like serosorting; 

which is sex between the same HIV status partners and higher 

rates of anal sex without condoms by HIV-infected men may ex-

plain why HIV-infected MSM have higher rates of HCV compared 

to uninfected MSM.30 With the use of pre-exposure prophylaxis 

(PrEP), HIV-infected men have been reported to become infected 

with HCV strains known to be found in HIV sexual transmission 

networks. The use of PrEP also places these individuals at higher 

risk of HCV by unprotected sexual intercourse with HCV-infected 

MSM.31 Treatment as prevention with universal access to DAA 

therapy has been shown to reduce the incidence of acute HCV in 

this population. A recent report from the Netherlands examined 

the incidence of acute hepatitis C at 17 Dutch HIV centers prior to 

and after the introduction of universal access to DAA treatment. 

With rapid uptake in the HIV positive MSM population, a signifi-

cant reduction in the incidence rate ratio of acute HCV was noted 

one year after universal access to DAA therapy was made avail-

able that differed from the incidence rate ratios of other sexually 

transmitted diseases such as gonorrhea which rose during the 

same period.32

Emerging models to treat hepatitis C

Future strategies to treat HCV will involve creating models of 

care that can engage individuals who have sporadic contact with 

the healthcare system, with point of care diagnosis and confirma-

tion of active viremia, and subsequent linkage for staging of dis-

Table 3. Major first line DAA treatment options

HCV genotype No cirrhosis Compensated cirrhosis

1/4 GLE/PIB* 8 W GLE/PIB* 8 W

SOF/VEL* 12 W SOF/VEL* 12 W

SOF/DAC* 12 W SOF/DAC* 12–24 W

LDV/SOF 8–12 W LDV/SOF 12 W

EBR/GZR 12 W EBR/GZR 12 W

2 GLE/PIB* 8 W GLE/PIB* 8 W

SOF/VEL* 12 W SOF/VEL* 12 W

SOF/DAC* 12W SOF/DAC* 12 W

3 GLE/PIB* 8 W GLE/PIB* 8 W

SOF/VEL* 12 W SOF/VEL* 12 W

SOF/DAC* 12 W SOF/DAC* 12–24 W

5/6 GLE/PIB* 8 W GLE/PIB* 8 W

SOF/VEL* 12 W SOF/VEL* 12 W

SOF/DAC* 12 W SOF/DAC* 12 W

LDV/SOF 12 W LDV/SOF 12 W

DAA, direct acting antiviral agent; HCV, hepatitis C virus; GLE, glecaprevir; 
PIB, pibrentasvir; W, weeks; SOF, sofosbuvir; VEL, velpatasvir; DAC, 
daclatasvir; LDA, ledipasvir; EBR, elbasvir; GZR, grazoprevir.
*Pan-genotypic options. Sofosbuvir/velpatasvir/voxilaprevir is a pangenotypic 
option for salvage of those who do not achieve sustained virologic responce.
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ease, and appropriate treatment (Fig. 2). These evolving strategies 

have led to the transition to a decentralized approach, where indi-

viduals present for medical care at primary care and other clinics, 

receive diagnostic testing, evaluation, and treatment for hepatitis 

C with DAA therapy (Fig. 3) rather than be referred to a center 

specializing in the treatment of HCV. These clinics may collaborate 

with specialists who can ensure that individuals with HCV are 

properly evaluated and that clinic staff are properly trained to pro-

vide both diagnostic testing and treatment for hepatitis C.

Incorporation of HCV treatment into clinics that care for high 

risk patients including those with opioid use disorder will be an 

important strategy and emerging data has given us insights into 

strategies that may be effective. One recently reported trial at a 

harm reduction center reported results in 100 patients with hepa-

titis C and opioid use disorder who received a 12 week course of 

DAA therapy and were offered buprenorphine therapy at initiation 

of HCV treatment.33 The highest sustained response rates were 

seen in individuals who initiated buprenorphine and were retained 

in treatment with an overall SVR rate of 92%, which was superior 

to the SVR rate seen in those whose buprenorphine was discon-

tinued or who never received buprenorphine, emphasizing the 

need for harm reduction measures being combined with treat-

ment of HCV. Receipt of buprenorphine at the time of treatment 

was also associated with lower HIV risk-taking behavior scores 

Improved access to
point of care HCV
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Improved education
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Prompts for testing

Access to HCV care
providers
Improved access to care
(universal access)
Co-localized testing and
treatment facilities
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importance of treatment
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Directly observed therapy
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Treatment
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Our approach to hepatitis C must evolve to  
a decentralized model of care

Figure 2. Our approach to hepatitis C should evolve 
to a decentralized model of care. HCV, hepatitis C virus.

Figure 3. To eliminate hepatitis C, we will need to transition to decentralized diagnosis and treatment of hepatitis C by bringing hepatitis C care to 
primary care clinics, rehabilitation centers, needle syringe programs, prisons, community health centers, sexual health centers, emergency/urgent care 
centers in addition to expanded use of telehealth and mobile health care units.

Centralized testing for diagnosis
of hepatitis C with linkage to care

Decentralized testing for diagnosis
of hepatitis C with linkage to care
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and lower rates of opioid overdose.

Treatment as prevention is evolving as a major strategy for the 

treatment of HCV. Iceland initiated the Treatment As Prevention 

For Hepatitis C Program in 2016 with the aim of treating every 

patient with HCV free of charge. Within 3 years of initiation, 98% 

of those confirmed with HCV RNA positive testing initiated DAA 

therapy with an overall SVR rate of 89%.34 While there are unique 

aspects regarding Iceland including its small population with just 

one hospital providing care to these individuals, their findings 

demonstrate that a strong commitment and scale up to testing 

with linkage to treatment can lead to high rates of diagnosis and 

treatment.

The use of telehealth to train healthcare providers to care for 

and treat those with HCV will play a major role in hepatitis C 

elimination. In the USA, the creation of Extension for Community 

Healthcare Outcomes (ECHO) model of care for hepatitis C in has 

allowed access to treatment for hepatitis C and other diseases in 

areas with a shortage of specialists. The ECHO program uses a 

multidisciplinary hub- team to train providers to care for and treat 

those with hepatitis C while achieving sustained response rates 

that are equivalent to specialist based care. A recent report noted 

there are over 25 HCV ECHO hubs in the USA and at least 16 in-

ternational HCV ECHO programs worldwide.35 Similar successful 

telehealth programs have been implemented in countries across 

the world and telehealth will likely play a greater role in delivering 

health care across all disease states.

Recently reported initiatives

Multiple countries and regions of the world have committed to 

eliminate hepatitis C with development of action plans to educate 

the public about HCV, increase diagnosis, and improve linkage to 

care. Two recent reports highlight this strategy can be successfully 

deployed on a large scale, to allow those without routine access 

to specialist care to receive treatment for HCV. India created a na-

tional action plan to eliminate viral hepatitis and the initial report 

from this effort has been reported which consisted of training pri-

mary care providers from university and district hospitals through 

e-learning and e-courses to provide algorithm based hepatitis C 

treatment using generic DAA regimens. Primary care providers 

were supervised via telehealth with assessments being done lo-

cally, and noninvasive markers were used to assess fibrosis.36 This 

largely rural population (80.5%) included those with cirrhosis 

(14.8% as assessed by APRI, FIB-4 or fibroscan) with the majority 

infected with genotype 3 HCV.

An interim report notes that of 48,088 individuals initially en-

rolled, 36,250 (75.4%) completed treatment thus far with a per 

protocol sustained response rate of 91.6%, and sustained re-

sponse rate of 84.4% in individuals who had treatment interrup-

tions.

The prevalence of HCV in Egypt has been amongst the highest 

of all countries due to prior treatment of schistosomiasis with un-

safe injections. In 2018, Egypt initiated a nationwide program to 

screen for and treat hepatitis C.37 In this ambitious program, near-

ly 50 million individuals were screened using a WHO approved 

rapid diagnostic test. The effort was comprehensive with screen-

ing occurring in all primary and rural health units, all Egyptian 

health insurance managed clinics, hospital and police hospitals, 

and all youth centers. Mobile screening teams were also deployed 

to crowded areas on special occasions including churches, 

mosques, soccer stadiums and picnic areas. Nearly 50 million in-

dividuals participated in the screening program, which found an 

overall seropositivity rate of 4.6% with higher rates in the Nile 

Delta. Three fourths (76.5%) of the individuals with positive HCV 

rapid diagnostic test had detectable viremia of which 91.8% of 

these individuals initiated treatment with generic DAA therapy. 

An interim per protocol SVR rate was recently reported at 98.8% 

(381,491/386,103). This large-scale project highlights several im-

portant components of future strategies for treatment of hepatitis 

C. The government created a national education plan with adver-

tising on television and radio, combined with newspaper adver-

tisements, billboard campaigns, and text messaging. There was 

large deployment of screening teams that comprised of a physi-

cian, nurse and data entry person with widespread availability for 

patients during the screening phase (12 hours per day 7 days per 

week). Pricing for diagnostic testing including antibody and con-

firmatory PCR testing was negotiated to make the screening pro-

gram affordable with a negotiated cost of 0.58 USD for the rapid 

diagnostic antibody test and 4.80 USD per PCR test including use 

of PCR machines with linkage to a central database. This success-

ful model of care used a decentralized approach, with universal 

screening in all healthcare clinics and universal access to DAA 

therapy and Egypt, a low to middle income country which had the 

highest prevalence of hepatitis C, may be the first country that 

achieves elimination of hepatitis C.

Though the prevalence of HCV is less than HBV in Asia, the in-

frastructure that has emerged to care for those with hepatitis B 

can be used as a foundation throughout Asia to achieve hepatitis 

C elimination by 2030. In Asia, Taiwan has reported that they are 

on track to eliminate hepatitis C.38 The Taiwan Hepatitis C Policy 
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Guideline 2018–2025 policy implemented in 2019 will provide 1.7 

billion USD over 8 years to lower barriers of access to care and 

improve screening strategies and care models for high-risk popu-

lations. Similar to other successful programs, there is a govern-

ment effort to educate the public about hepatitis C, improving 

health literacy to prevent new infection and reinfection. Based on 

modeling data, it is now projected that Taiwan will meet WHO 

guidance by 2025.39 In Korea the prevalence of hepatitis C has 

been estimated to be 0.44% and hepatitis C has been designated 

as a group 3 communicable disease with mandatory sentinel sur-

veillance of new cases.40 Currently there is no universal screening 

program to identify undiagnosed hepatitis C cases in Korea and it 

has been estimated that up to three quarters of individuals may 

be unaware of their infection. Those who are diagnosed with 

hepatitis C present to specialists to receive DAA therapy. A recent 

paper examined multiple strategies to meet WHO 2030 elimina-

tion targets, with strategies to meet elimination targets by 2025 

or 2030 leading to significant cost savings though  initial capital 

investments would be required. However, to reach elimination 

targets by 2025, existing diagnostic and treatment practices must 

be increased nearly 4.5-fold and 3-fold, respectively. Finally, nu-

merous successful reports of elimination projects have been re-

ported in Rwanda, Mongolia, and the Republic of Georgia 

amongst others.41-43

With the high prevalence of HCV in correction facilities, this 

population will require new models of care to diagnose, link to 

and provide appropriate DAA therapy. This will require universal 

screening programs with all confirmed HCV‐positive prisoners 

then being offered treatment during custody or after release from 

prisons. A recent two-phase case study of HCV care pathway was 

implemented in the London prison system by offering dried blood 

spot testing to new arrivals at their secondary health check and 

highlights the challenges with treating this population.44 Prisoners 

with active HCV infection finished disease stratification tests and 

were reviewed weekly at a hospital‐based team meeting to de-

cide management. In phase‐2, the pathway was redesigned to of-

fer opt-out blood borne virus testing with treatment referral of 

HCV‐positive prisoners. As a result, linkage to HCV care improved 

though was still not ideal with 38.9% of incarcerated individuals 

being  treated or referred during the second phase. Elimination of 

HCV in prisons will require local service configuration to ensure 

high uptake of testing, with all HCV‐positive cases then being of-

fered treatment during custody or referral to treatment after re-

lease.

FUTURE TREATMENTS FOR HEPATITIS C

With our current DAA therapies, sustained response or cure is 

achieved in over 90% of individuals and thus the need for novel 

therapies for HCV is not urgent. However, with the goal of elimi-

nation of hepatitis C now being pursued, it is important to note 

that the majority of infectious diseases such as smallpox or polio 

that have been successfully eliminated or eradicated have includ-

ed the development of an effective vaccine. A significant chal-

lenge for development of an HCV vaccine is the genetic diversity 

of the virus. Different genotypes of HCV strains differ in approxi-

mately 30% of their amino acids, and different HCV subtypes in 

each genotype differ in approximately 15% of their amino acids.45 

The HCV can generate a diverse quasispecies of related but ge-

netically different viral variants within each infected individual by 

immune selection as well as the error-prone viral polymerase. 

Strategies to develop an HCV vaccine have included vaccines to 

elicit T cell responses, and vaccines to generate sufficient neutral-

izing antibody titers including the development of broadly neutral-

izing antibodies.46 However, to date, no strategy has been proven 

to be effective in preventing hepatitis C infection. One recent clin-

ical trial evaluating the experimental hepatitis C prime boost vac-

cine AdCh3NSmut1/MVA-NSmut was not found to be effective in 

preventing chronic HCV in a randomized trial of high risk individu-

als (https://www.niaid.nih.gov/news-events/trial-evaluating-ex-

perimental-hepatitis-c-vaccine-concludes). Nonetheless, develop-

Risk-based
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Rapid diagnostic test

Confirmation of active
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Remains barrier for
elimination

Cirrosis or no
cirrhosis
APRI/FIB-4/platelets
Elastography

Treat
SVR-12
Dismiss from care if no
cirrhosis

Screening Diagnosis
Fibrosis
stage

Treat with
pan-genotypic 

therapy

Universal care pathway

Figure 4. A universal care pathway of hepatitis C can be 
constructed to reach elimination goals. POC, point of care; 
APRI, aspartate aminotransferase-platelets ratio index; FIB-4, 
fibrosis-4; SVR, sustained virologic response.
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ment of a successful hepatitis C vaccine would be an important 

advance in efforts toward global control of HCV.

Hepatitis C infection is straightforward to treat and difficult to 

eliminate. We already have the tools to successfully treat the vast 

majority of individuals who are diagnosed with HCV. However, 

elimination of HCV will require a strong commitment from govern-

ments and payors to provide funding for education, diagnosis, 

and treatment. The most important gap in the cascade of care 

that must be addressed is to improve the screening and diagnosis 

rate for those infected with HCV. Risk-based screening of targeted 

populations, risk behavior screening, and universal screening will 

all have a role in finding the large pool of individuals who have 

yet to be diagnosed with hepatitis C. Whereas diagnostic testing 

for exposure to HCV is inexpensive and can be performed as a 

rapid diagnostic test, confirmation of active viremia remains a 

challenge in many parts of the world and the point-of-care test to 

confirm active infection remains an important challenge. Colocal-

ization of hepatitis C diagnosis and treatment in all types of 

healthcare clinics that care for patients who are at risk for HCV is 

an evolving and essential strategy that will allow the large pool of 

individuals yet to be diagnosed the opportunity to link to care for 

their hepatitis C. Simplified treatment algorithms will improve ac-

cess to treatment. These decentralized approaches have been im-

plemented successfully world-wide as part of elimination strate-

gies allowing those infected with HCV local access to treatment 

(Fig. 4). While a vaccine to prevent HCV would be an ideal addi-

tion to our therapeutic armamentarium the results to date have 

not yet proven successful. There are success stories of disease 

eradication without vaccination such as the treatment of river 

blindness and we should press forward across the world with our 

efforts to successfully diagnose, treat and eliminate hepatitis C by 

2030.
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From nonalcoholic fatty liver disease to metabolic-asso-
ciated fatty liver disease: Big wave or ripple?
Seong Hee Kang1,*, Yuri Cho2,3,*, Soung Won Jeong4,*, Seung Up Kim5,6, Jin-Woo Lee7; and on behalf of Korean 
NAFLD Study Group
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There is some dissatisfaction with the term “nonalcoholic fatty liver disease (NAFLD),” which overemphasizes alcohol 
and underemphasizes the importance of metabolic risk factors in this disease. Recently, a consensus recommended 
“metabolic (dysfunction)-associated fatty liver disease (MAFLD)” as a more appropriate term to describe fatty liver 
diseases (FLD) associated with metabolic dysfunction. During the definition change from NAFLD to MAFLD, subjects with 
FLD and metabolic abnormalities, together with other etiologies of liver diseases such as alcohol, virus, or medication 
who have been excluded from the NAFLD criteria, were added to the MAFLD criteria, while subjects with FLD but without 
metabolic abnormality, who have been included in the NAFLD criteria, were excluded from the MAFLD criteria. This 
means that there is an emphasis on the metabolic dysfunction in MAFLD which may underestimate the prognostic value 
of hepatic steatosis itself, whereas the MAFLD criteria might better identify subjects who are at a higher risk of hepatic 
or cardiovascular outcomes. However, non-metabolic risk NAFLD subjects who are excluded from the MAFLD criteria 
are missed from the diagnosis, and their potential risk can be the cause of future diseases. Although huge controversies 
remain, this review focused on summarizing recent studies that compared the clinical and prognostic characteristics 
between subjects with NAFLD and MAFLD. (Clin Mol Hepatol 2021;27:257-269)
Keywords: Non-alcoholic fatty liver disease; Metabolic (dysfunction)-associated fatty liver disease; Outcome; Metabolic 
syndrome; Diabetes mellitus
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INTRODUCTION

The term “nonalcoholic fatty liver disease (NAFLD)” was first in-

troduced by Schaffner and Thaler1 in 1986 to describe fatty liver 

disease (FLD) occurring in the absence of significant alcohol in-

take. This characterization overemphasizes the absence of alcohol 

use and underemphasizes the importance of metabolic risk factors 

that fuel the progression of liver disease in NAFLD.2 In addition, 

many criticisms have focused on the fact that NAFLD may trivial-

ize these diseases, reducing their consideration in the public 

health policy.

To date, it has become clear that NAFLD is a heterogeneous 

disorder with different metabolic and genetic factors involved in 

its pathogenesis contributing to its progression and prognosis.3,4 

The heterogeneous pathogenesis of NAFLD and inaccuracies in its 

definition necessitates a review of its nomenclature.5 In 2019, 

Eslam et al.2 provided suggestions on alternative terminologies 

that more accurately reflect the pathogenesis of this disease, 

which might help in patient stratification. Experts reached a con-

sensus that NAFLD does not reflect our current understanding of 

this disease, and metabolic (dysfunction)-associated fatty liver 

disease (MAFLD) might be a more appropriate overarching term.2

MAFLD represents a hepatic manifestation of systemic metabol-

ic dysfunction. MAFLD also warrants a “positive” diagnosis, ne-

gating a diagnosis based on the exclusion of other concomitant 

liver diseases. This novel nomenclature may be useful for clinical 

trials and research studies. In addition, the role of MAFLD in pa-

tients with concomitant liver disease has been recognized. How-

ever, since this change has not been fully accepted by major soci-

eties, future studies are required to confirm the feasibility of this 

novel terminology and to reach a consensus on the MAFLD crite-

ria. Moreover, non-metabolic risk (MR) NAFLD subjects who are 

excluded from MAFLD criteria are missed from the diagnosis, 

prompting caution in establishing follow-up strategy and assess-

ing the prognosis.

Our primary aim was not to review the recent studies on MAFLD 

without comparison to NAFLD, as the significant overlap between 

MAFLD and NAFLD might add only a few insights into the current 

literature. Instead, we focused on summarizing recent studies that 

compared the clinical and prognostic characteristics between sub-

jects with NAFLD and those with MAFLD, which might be helpful 

in deciding the use of optimal terminology in current clinical prac-

tice.

DIAGNOSTIC CRITERIA OF NAFLD AND MAFLD

NAFLD is defined by the 1) evidence of hepatic steatosis, either 

by imaging or histology, demonstrating the presence of steatosis 

in >5% of the hepatocytes, and the 2) lack of secondary causes 

of hepatic fat accumulation, such as significant alcohol consump-

tion (daily alcohol consumption ≥30 g for men and ≥20 g for 

women), long-term use of a steatogenic medication, or monogenic 

hereditary disorders (Table 1).6,7 In the majority of patients, 

NAFLD is commonly associated with metabolic comorbidities such 

as obesity, diabetes mellitus, and dyslipidemia.5

In contrast, the diagnosis of MAFLD is based on the histological 

(biopsy), imaging, or blood biomarker evidence of fat accumula-

tion in the liver, in addition to one of the following three criteria: 

overweight/obesity, presence of type 2 diabetes mellitus (T2DM), 

or evidence of metabolic dysregulation.8 The latter is defined by 

the presence of at least two metabolic risk abnormalities, as listed 

in Table 1.

Additionally, a panel of international experts have proposed 

that patients with cirrhosis who fulfill the diagnostic criteria for 

MAFLD should be considered as having MAFLD-related cirrhosis; 

therefore, the term “cryptogenic cirrhosis” should be avoided in 

this group.8 The diagnostic criteria for MAFLD-related cirrhosis in-

clude patients with cirrhosis in the absence of typical histological 

signs suggestive of steatohepatitis who fulfill at least one of the 

following: past or present evidence of metabolic risk factors that 

meet the criteria to diagnose MAFLD (Table 1), together with at 

least one of the following: 1) documentation of MAFLD on a pre-

vious liver biopsy, or 2) historical documentation of steatosis by 

hepatic imaging (Table 2). In particular, a history of alcohol intake 

should be considered, as patients may have dual disease etiology 

in the presence of alcohol use disorders.8

ADDED POPULATIONS ACCORDING TO MAFLD 
CRITERIA

A panel of international experts proposed a new definition for 

the diagnosis of MAFLD based on the presence of metabolic dys-

function and not the absence of other conditions.8 As a result, 

there is no reference to alcohol consumption or viral hepatitis in 

the MAFLD criteria, and this means that MAFLD can coexist with 

other liver diseases.2 Added population according to MAFLD crite-

ria included subjects who fulfilled the definition of MAFLD, but 

not the NAFLD criteria. The subjects in this specific population 
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showed FLD and metabolic abnormalities, together with other eti-

ologies of liver diseases such as alcohol, virus, or secondary 

causes including steatogenic medication or hereditary disorders 

(Fig. 1), who were excluded from the NAFLD criteria.

In a recent study by Zheng et al. focused on the PERSONS co-

hort;9 and of the 780 consecutively enrolled subjects with liver bi-

opsy, 663 (85%) fulfilled both the NAFLD and MAFLD criteria.10 

The difference in the number of subjects between the two groups 

(670 NAFLD vs. 773 MAFLD) was due to seven patients with FLD 

who were lean by body mass index (BMI) without satisfying the 

metabolic risk threshold (defined as non-MR NAFLD), and the in-

clusion of 110 patients with FLD and other etiologies of liver dis-

eases (66 with excess alcohol consumption, 40 with viral hepati-

tis, and four with autoimmune hepatitis). Notably, age, sex, 

comorbid diseases (i.e., diabetes mellitus and hypertension), vari-

ant distribution of the PNPLA3 gene, metabolic profile, and histol-

ogy, including liver steatosis and fibrosis, were not significantly 

different between the two groups. In a subgroup analysis of the 

MAFLD group, patients with MAFLD and significant alcohol con-

sumption presented with significantly higher gamma-glutamyl 

transferase levels and exhibited more severe liver steatosis com-

pared to the pure MAFLD (single etiology) group.

In another recent Taiwanese study by Huang et al.,11 175 pa-

tients with histology-verified liver steatosis and 10 with crypto-

genic cirrhosis were classified according to the diagnostic criteria 

of MAFLD and NAFLD. A total of 76 patients (41.1%) presented as 

both NAFLD and MAFLD, and nine patients (4.9%) had non-MR 

NAFLD, 81 patients (43.8%) had MAFLD without NAFLD, and the 

remaining 19 patients (10.3%) did not meet the criteria for either 

category. Although there was no significant difference in age or 

sex between the two groups, BMI was significantly higher in pa-

tients with MAFLD without NAFLD compared to the non-MR 

Table 1. Diagnostic criteria for NAFLD and MAFLD

NAFLD6,7 MAFLD8

For defining NAFLD, there must be
1)   evidence of hepatic steatosis, either by imaging or 

histology (steatosis in >5% of hepatocytes), and 
2)   lack of secondary causes of hepatic fat accumulation 

such as significant alcohol consumption (a daily 
alcohol consumption ≥30 g for men and ≥20 g for 
women), long-term use of a steatogenic medication, 
or monogenic hereditary disorders

In adults with hepatic steatosis (detected either by imaging techniques, blood 
biomarkers/scores, or liver histology), these three groups are classified as MAFLD
1)   Overweight/obesity (defined as BMI ≥25 kg/m2 in Caucasians or BMI ≥23 kg/m2 

in Asians)
2)   Lean/normal weight (defined as BMI <25 kg/m2 in Caucasians or BMI <23 kg/m2 

in Asians)

3)   Type 2 diabetes mellitus (according to widely accepted international criteria)

NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic-associated fatty liver disease; BMI, body mass index; HDL, high-density lipoprotein.

The presence of at least two of the following metabolic risk abnormalities:
•   Waist circumference ≥102/88 cm in Caucasian men and women (or ≥90/80 

cm in Asian men and women)
• Blood pressure ≥130/85 mmHg or specific drug treatment
•   Plasma triglycerides ≥150 mg/dL (≥1.70 mmol/L) or specific drug treatment
•   Plasma HDL-cholesterol <40 mg/dL (<1.0 mmol/L) for men and <50 mg/dL 

(<1.3 mmol/L) for women or specific drug treatment
•   Prediabetes (i.e., fasting glucose levels 100 to 125 mg/dL [5.6 to 6.9 mmol/L],  

or 2-hour post-load glucose levels 140 to 199 mg/dL [7.8 to 11.0 mmol] or 
HbA1c 5.7% to 6.4% [39 to 47 mmol/mol])

• Homeostasis model assessment of insulin resistance score ≥2.5
• Plasma high-sensitivity C-reactive protein level >2 mg/L

Table 2. Diagnostic criteria for MAFLD-related cirrhosis8

Patients with cirrhosis in the absence of typical histology who meet at least one of the following criteria:

Past or present evidence of metabolic risk factors that meet the criteria to diagnose MAFLD, as described in the small box in Table 1, with at 
least one of the following:
1) Documentation of MAFLD on a previous liver biopsy*
2) Historical documentation of steatosis by hepatic imaging*

MAFLD, metabolic-associated fatty liver disease.
*History of past alcohol intake should be considered as patients may have a dual disease etiology with alcohol use disorder. 
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NAFLD group (27.31 vs. 21.36 kg/m2; P<0.001). Among the 81 

patients with MAFLD without NAFLD, 35 (43.2%) presented with 

hepatitis B virus infection, 23 (28.4%) were taking culprit medica-

tions, 10 (12.3%) had hepatitis C virus infection, seven (8.6%) 

presented with autoimmune liver disease, five (6.2%) had chronic 

alcoholism, and one (1.2%) was positive for hepatitis E virus in-

fection. This group also included 19 patients (23.5%) with liver 

cirrhosis, 30 (37.0%) with hypertension, 26 (32.1%) with T2DM, 

and 16 (19.8%) with dyslipidemia, while none of these comorbidi-

ties were found in the non-MR NAFLD group. Moreover, patients 

with MAFLD, but without NAFLD, showed a significant increase in 

disease severity, as evaluated by both histology and laboratory 

findings, compared to those with non-MR NAFLD. Hepatitis B vi-

rus infection, hypertension, and T2DM were also independently 

associated with advanced fibrosis in patients with MAFLD.

In the most recent cross-sectional study of the National Health 

and Nutrition Examination Survey (NHANES) of the general popu-

lation of the USA, the prevalence of NAFLD and MAFLD were 

similar in the 1,710 subjects at 37.1% and 39.1%, respectively.12 

Only 13 subjects with NAFLD did not meet the MAFLD criteria 

(non-MR NAFLD), and 54 subjects with MAFLD did not meet the 

NAFLD criteria (MAFLD, but without NAFLD), mainly due to sig-

nificant alcohol consumption or the presence of viral hepatitis. 

None of the 13 subjects with non-MR NAFLD presented with ad-

vanced liver fibrosis; however, those with MAFLD, but without 

NAFLD, showed similar advanced fibrosis to the overall estimate. 

The prevalence of advanced fibrosis among subjects with NAFLD 

and MAFLD was 7.5% and 7.4%, respectively. The authors sug-

gested that the recent change in diagnostic criteria did not affect 

the prevalence of the condition in the general USA population. 

The clinical significance of studies using the MAFLD criteria is 

summarized in Table 3.

MISSED POPULATIONS WHEN USING MAFLD 
CRITERIA

Missed population according to MAFLD criteria includes the 

subjects who fulfilled the definition of NAFLD, but not MAFLD 

(subjects with non-MR NAFLD). These subjects present with FLD, 

but without metabolic abnormalities or other etiologies of liver 

disease (Fig. 1), while meeting the NAFLD criteria. Although pa-

tients with non-MR NAFLD comprise a minority of these popula-

tions, many studies comparing the clinical characteristics and 

long-term outcomes of subjects with non-MR NAFLD to those 

without NAFLD or MAFLD and those with MAFLD are actively on-

going. Given the ambiguity in the definition of non-MR NAFLD, 

appropriate therapeutic strategies remain unclear.

A recent study using the NHANES III database, which is a peri-

odic survey conducted by the Centers for Disease Control and Pre-

vention in the USA, focused on the comparison of subjects with 

MAFLD and those with non-MR NAFLD and severe steatosis.13 Al-

though the absolute sample size of the subjects with non-MR 

NAFLD was extremely small (n=46), comprising only around 1% 

of the subjects with MAFLD (n=4,087), and corresponding statisti-

cal errors cannot be completely removed, this study offered two 

Figure 1. Venn diagram highlighting the similarities and differences between NAFLD and MAFLD. NAFLD, nonalcoholic fatty liver disease; MAFLD, 
metabolic-associated fatty liver disease; FLD, fatty liver disease; MR, metabolic risk.

● Non MR-NAFLD
- Missed populations according to MAFLD criteria
-   Patients with fatty liver, but without matabolic 

abnormalities or other etiologies of liver disease

NAFLD

● MAFLD, but without NAFLD
- Added populations according to MAFLD criteria
-   Patients with fatty liver who have matabolic 

abnormalities and other etiologies including alcohol, 
viral, and other liver diseases

MAFLD

NAFLD
only

Both 
FLD

MAFLD
only
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Table 3. Clinical significance of studies using MAFLD criteria

Study Number of patients Clinical significance

Zheng et al.10 Total/ NAFLD/MAFLD 780/670/773 1. Clinical characteristics including metabolic profile, 
comorbid disease, and histology were not different 
between NAFLD and MAFLD groups.

2. Patients with dual etiology (MAFLD and alcohol) had 
higher gamma-glutamyl transferase levels and exhibited 
more severe hepatic steatosis compared to pure MAFLD 
group (single etiology).

Both NAFLD and MAFLD 663

Non-MR NAFLD 7

MAFLD, but without NAFLD 110 (A/66, V/40, I/4)

Huang et al.11 Total/ NAFLD/MAFLD 166/85/157 1. MAFLD, but without NAFLD group exhibited a significant 
increase in disease severity, as evaluated by both histology 
and laboratory findings, compared to those with non-MR 
NAFLD.

2. MAFLD criteria included an additional 38.9% of patients 
with hepatic steatosis, and it can help identify those with a 
high degree of disease severity for early intervention better 
than the previous NAFLD criteria.

Both NAFLD and MAFLD 76

Non-MR NAFLD 9

MAFLD, but without NAFLD 81 (A/5, V/46, M/23, I/7)

Ciardullo and 
Perseghin12

Total/ NAFLD/MAFLD 728/674/715 1. None of the 13 subjects with non-MR NAFLD presented 
with advanced liver fibrosis. However, those with MAFLD, 
but without NAFLD, showed similar advanced fibrosis to 
the overall estimate. The prevalence of advanced fibrosis 
among subjects with NAFLD and MAFLD was 7.5% and 
7.4%, respectively.

2. The authors suggested that the recent change in 
diagnostic criteria did not affect the prevalence of the 
condition in the general USA population

Both NAFLD and MAFLD 661

Non-MR NAFLD 13

MAFLD, but without NAFLD 54 (NA)

Lee et al.16 Total/ NAFLD/MAFLD 3,628,540/2,680,217/3,573,644 1. A considerable proportion of middle-aged Korean adults 
have MAFLD, without satisfying the former definition of 
NAFLD. The change from NAFLD to MAFLD criteria may 
identify a greater number of individuals with metabolically 
complicated fatty liver and increased risk for CVD.

2. These studies might indicate that patients with non-MR 
NAFLD should be closely monitored, as they experience an 
increased risk for poor outcomes.

Both NAFLD and MAFLD 2,625,321

Non-MR NAFLD 54,896

MAFLD, but without NAFLD 948,323 (NA)

Yamamura et 
al.18

Total/ NAFLD/MAFLD 726/541/609 1. The MAFLD definition better identifies the group with 
fatty liver and significant fibrosis evaluated by non-invasive 
tests. Moreover, in patients with MAFLD, even mild alcohol 
consumption was associated with worsening of hepatic 
fibrosis measures.

2. It might be suggested that subjects with non-MR 
NAFLD might have no urgent diagnostic and therapeutic 
intervention needs due to a potentially favorable disease 
course.

Both NAFLD and MAFLD 424

Non-MR NAFLD 117

MAFLD, but without NAFLD 185 (NA)

Lin et al.22 Total/ NAFLD/MAFLD 13,083/4,347/4,087 1. MAFLD were significantly older and had higher BMI and 
higher proportions of metabolic comorbidities (T2DM, 
hypertension) compared to subjects with NAFLD.

2. Subjects with MAFLD and alcohol consumption were 
younger and had fewer metabolic disorders and a higher 
proportion of advanced fibrosis compared to those 
without.

Both NAFLD and MAFLD 3,727

Non-MR NAFLD 620

MAFLD, but without NAFLD 360 (NA)
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important clinical implications. First, although most metabolic pa-

rameters, including BMI, uric acid, lipid levels, HbA1c, and fasting 

sugar, were significantly lower in subjects with non-MR NAFLD 

and severe steatosis compared to those with MAFLD, their liver 

enzyme levels were statistically comparable (mean 24.00 IU/L in 

non-MR NAFLD and severe steatosis vs. 23.96 IU/L in MAFLD for 

alanine aminotransferase [ALT] level, P=0.990; mean 27.63 IU/L 

in non-MR NAFLD and severe steatosis vs. 25.35 IU/L in MAFLD 

for aspartate aminotransferase [AST] level, P=0.340). In addition, 

the degree of fibrotic burden, assessed by AST to platelet ratio in-

dex (APRI) and fibrosis-4 (FIB-4) index, was statistically similar 

between the two groups (mean 0.38 in non-MR NAFLD and se-

vere steatosis vs. 0.26 in MAFLD for APRI, P=0.275; mean 1.25 in 

non-MR NAFLD and severe steatosis vs. 1.06 in MAFLD for FIB-4, 

P=0.486). Therefore, the authors insisted that the degree of liver 

damage is similar between subjects with MAFLD and those with 

non-MR NAFLD and severe steatosis who cannot be classified as 

MAFLD. This means that, despite their relative rarity, subjects 

with non-MR NAFLD should not be ignored; rather, more atten-

tion is needed for accurate assessment and appropriate therapeu-

tic interventions in clinical practice. Second, this study highlighted 

that subjects with non-MR NAFLD and severe steatosis were sig-

nificantly younger than those with MALFD (mean 40 vs. 48 years). 

To date, the unfavorable influence of hepatic steatosis on long-

term outcomes, such as the increased risk of developing cardio-

vascular disease (CVD) events and T2DM, have been well report-

ed.14,15 In addition, hepatic steatosis can develop as the first 

manifestation of overt metabolic dysfunction, and increased age 

is a significant predictor of metabolic syndrome. These facts indi-

cate that regular monitoring is needed for younger subjects with 

non-MR NAFLD and severe steatosis, who currently do not show 

metabolic dysfunction but may develop various metabolic pheno-

types, including MAFLD. In another recent study conducted in 

South Korea, the proportion of subjects with non-MR NAFLD was 

only 0.6%.16 Although the comparison between subjects with 

non-MR NAFLD and those with MAFLD was not feasible, the ad-

justed risk of CVD in subjects with non-MR NAFLD was slightly 

increased with statistical significance (hazard ratio [HR], 1.09; 

95% confidence interval [CI], 1.03–1.15) compared to subjects 

without NAFLD or MAFLD. Among the surrogates of CVD, the risk 

of myocardial infarction specifically increased (HR, 1.14). These 

studies might indicate that patients with non-MR NAFLD should 

be closely monitored, as they experience an increased risk for 

poor outcomes.

In contrast, a recent Chinese study using the NHANES III data-

base showed that the proportion of subjects with non-MR NAFLD 

was higher (6.3%; n=793 of 12,571) in these populations, and 

that the subjects presented with favorable renal outcomes com-

pared to those with MAFLD (6.93% vs. 14.02% for albumin-to-

creatinine ratio; mean 83.49 vs. 74.06 mL/min/1.73m2; 6.43% vs. 

20.28% for stage 3–5 chronic kidney disease; all P<0.05).17 In 

another study from Japan, the proportion of non-MR NAFLD was 

15.3% and MAFLD without NAFLD was 24.2% among the sub-

jects with FLD.18 Group comparison showed significant elevations 

Study Number of patients Clinical significance

Wai-Sun Wong 
et al.23

Total/ NAFLD/MAFLD 277/261/263 1. The prevalence of NAFLD and MAFLD was 25.7% and 
25.9%, respectively, and the addition of the MAFLD criteria 
did not significantly change the prevalence of NAFLD.

2.  However, the incidence of MAFLD was 25% lower than 
that of NAFLD. This difference was predominantly observed 
in subjects with a BMI of <23 kg/m2. This data suggests 
that the new MAFLD criteria may exclude patients with a 
more benign clinical course.

Both NAFLD and MAFLD 247

Non-MR NAFLD 14

MAFLD, but without NAFLD 16 (A/3, V/13)

Niriella et al.24 Total/ NAFLD/MAFLD 1028/940/990 1. Although NAFLD and MAFLD had similar metabolic traits 
at baseline and similar outcomes after 7-years, the MAFLD 
but without NAFLD group seemed to have higher risk of 
adverse outcomes compared to the non-MR NAFLD group. 
Although the increase in the index population was small, 
redefining NAFLD as MAFLD seemed to improve clinical 
utility.

Both NAFLD and MAFLD 902

Non-MR NAFLD 38

MAFLD, but without NAFLD 88 (NA)

MAFLD, metabolic-associated fatty liver disease; NAFLD, nonalcoholic fatty liver disease; MR, metabolic risk; A, alcohol consumption; V, viral hepatitis; I, 
autoimmune hepatitis; M, medication; NA, not available; CVD, cardiovascular disease; BMI, body mass index; T2DM, type 2 diabetes mellitus.

Table 3. Continued
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in the fatty liver index, APRI, NAFLD fibrosis score, and liver stiff-

ness, assessed using transient elastography, in MAFLD without 

NAFLD compared to non-MR NAFLD (Table 4), which might indi-

cate that subjects with non-MR NAFLD might appear less severe 

than those with MAFLD, despite the comparable long-term impli-

cations of these diseases. These findings suggest that subjects 

with non-MR NAFLD might have no urgent diagnostic and thera-

peutic intervention needs, due to a potentially favorable disease 

course.

Although huge controversies still remain, the emphasis on met-

abolic dysfunction to define the subjects with MAFLD might un-

derestimate the prognostic value of hepatic steatosis itself; there-

fore, it seems that subjects with non-MR NAFLD, a new disease 

category, who might have an intermediate risk of metabolic dys-

function when comparing subjects with neither NAFLD nor 

MAFLD and those with MAFLD, require clinical attention. In addi-

tion, varying metabolic phenotypes should be compared between 

subjects without NALFD or MALFD, those with non-MR NAFLD, 

and those with MAFLD. If feasible, histopathological interpreta-

tion or comparisons are warranted to elucidate the characteristics 

of non-MR NAFLD. Recently, a Taiwanese study using only histo-

logical information11 showed that 42.8% of the patients with 

MAFLD (67 of 157) presented with advanced liver fibrosis, while 

none of the nine subjects with non-MR NAFLD did.

GENETICS

The pathogenesis of NAFLD is complex and likely shaped by the 

dynamic interactions between genetic susceptibility and environ-

mental factors. These factors interact with environmental, dietary, 

and metabolic risk factors, which contribute to the development 

of NAFLD and the risk of disease progression. Different genes en-

code proteins involved in the regulation of lipid metabolism in the 

liver. Over the past two decades, sequence variations in various 

genetic loci, including PNPLA3, TM6SF2, GCKR , MBOAT7, and 
HSD17B13, have been shown to increase NAFLD susceptibility.19 

These genes can be used in clinical risk stratification and person-

alized therapy. However, the role of these genetic variations in pa-

tients with MAFLD, which is a newly proposed disease category, 

have not been fully investigated, and further evaluation is needed.

A recent study by Liu et al.20 reported the genotype data from 

160,979 subjects in the UK Biobank, derived from a GWAS chip 

(Affymetrix UK BiLEVE and UK Biobank Axiom arrays). The impact 

of MAFLD, especially on hepatic events, was amplified by a high 

genetic risk score, of which genetic variations in PNPLA3 , 

TM6SF2, and MBOAT7 play principal roles. However, the ampli-

fied effects of high genetic risk scores for each of these genes 

were not found in subjects with lean MAFLD, which was defined 

as MAFLD with a BMI <25 kg/m2.

A retrospective case-control study evaluated the association of 

single nucleotide polymorphisms with the risk of MAFLD in a Sin-

gaporean Chinese population and their interactions with environ-

mental and medical risk factors.21 This study found that PNPLA3 

GG was more likely to be associated with MAFLD (43.4% CC vs. 

69.7% GG, P=0.017 and 44.8% CG vs. 69.7% GG, P=0.022), while 

variations in LYPLAL1, GCKR, FDFT1, COL13A1, PZP, and TM6SF2 

were not significantly associated with these patients.

The influence of genetic variation can be translated into more 

precise clinical management, which should be tailored to each in-

dividual patient with MAFLD.

COMPARISON BETWEEN NAFLD AND MAFLD: 
CROSS-SECTIONAL CONSIDERATIONS

Lin et al.22 recently reported real-world data comparing NAFLD 

and MAFLD (Table 5). They analyzed 13,083 subjects from the 

third NHANESs of the United States, and classified 4,087 (31.2%) 

subjects with MAFLD and 4,347 (33.2%) with NAFLD. When 

Table 4. Comparisons of the severity of hepatic steatosis and fibrosis between non-overlapping NAFLD and MAFLD groups

Surrogates Non-MR NAFLD (n=117) MAFLD, but without NAFLD (n=185) P-value

Fatty liver index 6 (3 to 11) 50 (32 to 71) <0.001

APRI 0.2 (0.2 to 0.3) 0.3 (0.2 to 0.4) <0.001

NAFLD fibrosis score −2.582 (−3.366 to −1.926) −1.689 (−2.770 to −0.829) <0.001

Liver stiffness (kPa) 5.2 (4.2 to 6.3) 7.6 (5.8 to 11.5) <0.001

Values are presented as median (interquartile range).
NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic-associated fatty liver disease; MR, metabolic risk; APRI, aspartate aminotransferase to platelet ratio 
index; FIB-4, fibrosis-4.
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these subjects were compared, they found that patients with 

MAFLD were significantly older and had higher BMI and higher 

proportions of metabolic comorbidities (T2DM, hypertension) 

compared to the subjects with NAFLD. Subjects with MAFLD and 

alcohol consumption were younger and had fewer metabolic dis-

orders and a higher proportion of advanced fibrosis compared to 

those without. This data suggest that the MAFLD criteria are 

practical and provide physicians with the opportunity to treat pa-

tients holistically, rather than focusing on individual organ sys-

tems.

Yamamura et al.18 also reported that MAFLD was better at iden-

tifying subjects with significant liver fibrosis than NAFLD in their 

study of 765 Japanese subjects with FLD. Liver stiffness using 

shear wave elastography was significantly higher in MAFLD than 

in NAFLD (7.7 vs. 6.8 kPa, P=0.001). Using decision-tree analysis, 

MAFLD, without NAFLD and alcohol consumption, was the initial 

classifier for significant liver fibrosis.

In contrast, Wai-Sun Wong et al.23 reported the impact of 

MAFLD criteria on the epidemiology of FLD by analyzing 922 

adults from the Hong Kong census database. The prevalence of 

NAFLD and MAFLD was 25.7% and 25.9%, respectively, and the 

addition of the MAFLD criteria did not significantly change the 

prevalence of NAFLD. However, the incidence of MAFLD (2.8/100 

person-years) was 25% lower than that of NAFLD (3.7/100 per-

son-years). This difference was predominantly observed in sub-

jects with a BMI of <23 kg/m2 (0.9 vs. 2.2/100 person-years). 

These data suggested that the new MAFLD criteria may exclude 

patients with a more benign clinical course.

COMPARISON OF NAFLD AND MAFLD: LONGI-
TUDINAL CONSIDERATIONS

Although the prognostic significance of MAFLD has been inves-

tigated in various clinical settings, few studies have investigated 

the prognostic value of MAFLD in comparison with NAFLD. A re-

cent community-based cohort study by Niriella et al.24 conducted 

in suburban Sri Lanka reported the findings for a study in which 

subjects were randomly selected in 2007 and then reassessed in 

2014 to evaluate the new-onset metabolic traits and CVD events. 

In this study, among the 2,985 subjects recruited in 2007, 940 

(31.5%) had NAFLD, 990 (33.1%) had MAFLD, and 362 (12.1%) 

were controls. MAFLD captured an additional 2.9% and lost 1.3% 

of all study subjects when compared to NAFLD, and at baseline, 

the anthropometric and metabolic traits were similar between the 

two groups. At the 7-year follow-up, the risk of new-onset meta-

bolic traits and fatal/non-fatal CVD events were similar in both 

groups, but significantly higher compared to the controls (Table 6). 

Those excluded by the NAFLD definition but captured by the 

MAFLD definition (MAFLD, but without NAFLD) showed higher 

baseline metabolic traits compared to those excluded by the 

MAFLD definition but captured by the NAFLD definition (non-MR 

NAFLD), and had a substantially higher risk of new-onset meta-

bolic traits and CVD events compared to the controls. Therefore, 

these authors concluded that redefining NAFLD as MAFLD 

seemed to improve clinical utility.

Another nationwide cohort study from South Korea conducted 

by Lee et al.16 evaluated the prevalence of FLD, including MALFD 

Table 5. Comparison of NAFLD and MAFLD criteria

Outcome
NAFLD  

(n=4,347)
MAFLD  

(n=4,087)
Non-MR NAFLD 

(n=620)

P-value

NAFLD vs. 
MAFLD

NAFLD vs.  
non-MR NAFLD

MAFLD vs.  
non-MR NAFLD

Age (years) 46.81±15.77 48.39±15.20 35.13±13.44 <0.001 <0.001 <0.001

Male (%) 2,014 (46.33) 2,036 (49.82) 249 (40.16) 0.001 0.004 <0.001

BMI (kg/m2) 29.49±6.69 30.68±6.25 21.67±2.08 <0.001 <0.001 <0.001

Diabetes (%) 1,092 (25.12) 1,171 (28.65) 0 (0) <0.001 <0.001 <0.001

Hypertension (%) 1,343 (30.89) 1,463 (35.80) 26 (4.19) <0.001 <0.001 <0.001

ALT (IU/L) 22.31±21.34 23.96±22.22 16.81±17.84 <0.001 <0.001 <0.001

NFS score −2.18±1.52 −2.05±1.51 −3.00±1.32 <0.001 <0.001 <0.001

FIB-4 score 1.01±0.84 1.06±1.35 0.87±1.05 0.033 0.002 <0.001

Values are presented as mean±standard deviation or number (%).
NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic-associated fatty liver disease; MR, metabolic risk; BMI, body mass index; ALT, alanine 
aminotransferase; NFS, NAFLD fibrosis score; FIB-4, fibrosis-4.
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and NAFLD, and the associated CVD risk using each of these defi-

nitions. From a nationwide health screening database, a total of 

9,584,399 subjects (48.5% male) aged 40–64 years between 

2009 and 2010 were included. These subjects were categorized 

by the presence of NAFLD and MAFLD, separately, and by the 

combination of the two definitions: neither-FLD, NAFLD-alone 

(non-MR NAFLD), MAFLD-alone (MAFLD, but without NALFD), or 

both-FLD. The prevalence of NAFLD and MAFLD were 28.0% and 

37.3%, respectively. The median follow-up period was 10.1 years. 

NAFLD and MAFLD were associated with a significantly higher 

risk for CVD events. When the neither-FLD group was the refer-

ence, multivariable-adjusted HRs (95% CI) for CVD events were 

1.09 (1.03–1.15) in the NAFLD-alone group, 1.43 (1.41–1.45) in 

the MAFLD-alone group, and 1.56 (1.54–1.58) in the both-FLD 

groups, indicating the highest risk of CVD in the MAFLD group 

(Table 7). Given this, the authors concluded that a considerable 

proportion of middle-aged Korean adults have MAFLD, without 

satisfying the former definition of NAFLD, and that the change 

from NAFLD to MAFLD criteria may identify a greater number of 

individuals with metabolically complicated fatty liver and in-

creased risk for CVD.

Table 6. New-onset metabolic traits and CVD events

Outcome
Control 

(n*=255)
NAFLD  

(n*=708)

NAFLD (vs. control)
MAFLD 

(n*=735)

MAFLD (vs. control)

Adjusted RR  
(95% CI)

P-value
Adjusted RR  

(95% CI)
P-value

Incident general obesity 9/254 (3.5%) 51/215 (24.6%) 7.7 (3.8–15.4) <0.001 57/213 (26.8%) 8.3 (4.1–16.6) <0.001

Incident central obesity 39/246 (15.9%) 37/109 (33.9%) 2.6 (1.8–3.8) <0.001 44/101 (43.6%) 3.3 (2.3–4.7) <0.001

Incident diabetes 31/243 (12.8%) 203/503 (40.4%) 3.1 (2.2–4.4) <0.001 216/523 (41.3%) 3.2 (2.3–4.5) <0.001

Incident hypertension 36/218 (16.5%) 109/232 (33.7%) 2.1 (1.4–2.8) <0.001 111/326 (34.0%) 2.1 (1.5–2.9) <0.001

Incident 
hypertriglyceridemia

68/231 (29.4%) 145/361 (40.2%) 1.3 (1.1–1.7) 0.026 153/372 (41.1%) 1.4 (1.1–1.7) 0.010

Incident hypo HDL 
cholesterolemia

68/208 (32.7%) 246/461 (53.4%) 1.5 (1.2–1.7) <0.001 250/487 (51.3%) 1.5 (1.2–1.8) <0.001

CVD non-fatal and fatal 
events

4/253 (1.6%) 36/665 (5.4%) 3.7 (1.3–10.3) 0.013 43/692 (6.2%) 4.2 (1.5–11.5) 0.006

CVD, cardiovascular disease; NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic-associated fatty liver disease; RR, relative risk; CI, confidence interval; 
HDL, high-density lipoprotein.
*The number in the original 2007 cohort irrespective of the presence or absence of baseline condition. Individuals with existing condition at baseline were 
excluded in the calculation of risk ratios.

Table 7. Cardiovascular disease risk according to the presence and combination of NAFLD and/or MAFLD

Group Event Person-years Rate*
Hazard ratio (95% confidence interval)

Model 1 Model 2 Model 3

No NAFLD 108,283 63,604,662 170.2 1.00 (reference) 1.00 (reference) 1.00 (reference)

NAFLD 74,140 23,921,515 309.9 1.82 (1.80–1.84) 1.40 (1.38–1.41) 1.41 (1.40–1.43)

No MAFLD 81,235 55,715,210 145.8 1.00 (reference) 1.00 (reference) 1.00 (reference)

MAFLD 101,188 31,810,967 318.1 2.18 (2.16–2.20) 1.56 (1.54–1.57) 1.52 (1.51–1.54)

Neither FLD 79,987 55,203,158 144.9 1.00 (reference) 1.00 (reference) 1.00 (reference)

Non-MR NAFLD 1,248 512,052 243.7 1.68 (1.59–1.78) 1.20 (1.13–1.27) 1.09 (1.03–1.15)

MAFLD, but without NAFLD 28,296 8,401,504 336.8 2.33 (2.30–2.36) 1.55 (1.52–1.57) 1.43 (1.41–1.45)

Both FLD 72,892 23,409,463 311.4 2.15 (2.13–2.17) 1.57 (1.55–1.58) 1.56 (1.54–1.58)

Model 1 was unadjusted; model 2 was adjusted for age and sex; and model 3 was further adjusted for household income quartile, residential area, Charlson 
comorbidity index, tobacco use, exercise frequency, and estimated glomerular filtration rate.
NAFLD, nonalcoholic fatty liver disease; MAFLD, metabolic-associated fatty liver disease; MR, metabolic risk; FLD, fatty liver disease.
*Per 100,000 person-years.
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CLINICAL IMPLICATIONS OF THE TERMINOL-
OGY CHANGE

Patients who are well-informed and understand their condition 

can actively collaborate with their doctor to improve self-care and 

their quality of life, especially those with chronic disease.25 There 

is a growing awareness of the weaknesses inherent in the term 

“non-alcoholic,” which overemphasizes “alcohol.” The term “non-

alcoholic” leads to the question, “If my disease is not alcohol-re-

lated, then what is the real cause?”26 The traditional terminology 

of “NAFLD” not only confuses patients in terms of the real cause 

of their disease, but can also lead to adverse consequences in 

terms of doctor-patient communication.

Recently, the overestimation of the exclusion of alcohol has 

sparked some heated debate about the threshold for “significant” 

alcohol consumption for the diagnosis of NAFLD. Different defini-

tions of “significant” alcohol consumption are also present in the 

universal guidelines.6,7,27 For example, the European Association 

for the Study of the Liver guideline suggests that the diagnosis of 

NAFLD requires the exclusion of daily alcohol consumption ≥30 g 

for men and ≥20 g for women.7 Both the American Association 

for the Study of Liver Diseases and the Asian Pacific Association 

for the Study of the Liver guidelines define heavy or at-risk drink-

ing as more than 14 drinks per week for men or more than seven 

drinks per week for women.6,27 In addition, the potential (contra-

dictory) role of alcohol consumption in these “non-alcohol” dis-

eases has been repeatedly raised. A large study of 58,927 partici-

pants with NAFLD demonstrated that light or moderate alcohol 

consumption is associated with worsening of fibrosis when com-

pared to no consumption,28 while another prospective cohort 

study of 9,559 participants indicated that modest alcohol con-

sumption markedly, and perhaps synergistically, increases the risk 

of developing cirrhosis when combined with obesity.29 In addition, 

patients diagnosed with NAFLD may interpret the name “non-al-

coholic” as a license to continue drinking.26

Trivialization is considered a form of stigma as a minimizing ac-

tion in which the disease is perceived as easy to obtain or treat, 

and it might lead to adverse disease outcomes.30 This mainly aris-

es when disease perceptions or diagnoses are confusing. In fact, 

subjects with NAFLD experience trivialization of the disease. Sev-

eral studies have reported that more than 95% of subjects with 

suspected NAFLD are still unaware of having liver disease, and 

most subjects (>75%) do not feel that they are at risk of develop-

ing NAFLD.31-33 A recent report of a semi-structured interview 

with 136 subjects with NAFLD showed that the subjects tended 

to trivialize their condition.34 Most subjects (>80%) indicated that 

they were not concerned at all, while in comparison, >90% of the 

subjects indicated that they would be very concerned if they were 

told they had either hepatitis C or diabetes. Notably, 92% of the 

subjects expressed major dissatisfaction with the term “NAFLD,” 

mainly as it included the term “alcohol” in its name. While 72.8% 

of the subjects said they preferred the term “MAFLD,” 5.8% indi-

cated that they did not prefer this change. Moreover, a recent sur-

vey with 191 physicians presented that 96% of the subjects had a 

substantial lack of knowledge regarding the differences between 

NAFLD and NASH, even though they were aware of both.35 There-

fore, changing the name is expected to decrease trivialization and 

increase awareness of the disease, leading patients to recognize 

the importance and effectiveness of critical lifestyle changes nec-

essary to mitigate disease progression.

The term “non-alcoholic” underemphasizes the importance of 

metabolic dysfunction. A reorientation of the disease name to 

MAFLD, which includes the term “metabolic,” may lead to better 

patient-to-physician communication and improve decision sharing 

by reducing the patients’ confusion about the real cause of their 

disease. In addition, it is expected to help engage more health-

care systems and establish collaboration with other populations 

with increased metabolic risks (e.g., diabetes, renal disease, and 

CVD).36 Also, using the word “metabolic” in the context of the 

acronym hinges on the fact that MAFLD is potentially preventable 

and emphasizes the need for appropriate resource allocation and 

effective public health policy decisions. Changing the terminology 

has significant implications for the pharmaceutical industry, such 

as stimulating shared funding with other metabolic diseases and 

implementing effective system-wide interventions.

FUTURE DIRECTIONS

Part of the terminology change for MAFLD involves removing 

the term “non-alcoholic steatohepatitis” as a distinct subtype, 

and instead adopting a more fluid description based on grade and 

stage. MAFLD is viewed as a disease process in which simple ste-

atosis (MAFLD with no inflammation and fibrosis) merges into 

MAFLD with; for example, grade 1 inflammation and stage 2 fi-

brosis to MAFLD with grade 0 inflammation and stage 4 fibrosis.37 

Notably, previous studies of biopsy-proven NAFLD showed that 

the presence of NASH did not increase the risk of liver-specific 

morbidity or overall mortality. However, abandoning the term 

“steatohepatitis” could derail the ongoing clinical trials that were 
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designed in concert with the guidance around NASH drug devel-

opment.38 In this same context, some doubts have been raised as 

to whether now is the right time to change the name. It cannot be 

concluded that the terminology change will result in a new under-

standing of the disease. Therefore, some experts say it is not yet 

the time to impose another inappropriate term that needs to be 

corrected, as the understanding of the natural history, etiology, 

and management of NAFLD continues to be improved.38,39

NAFLD still contains a wide variety of disorders, and metabolic 

syndromes do form part of its spectrum (probably a major part) as 

a relatively sterile therapeutic armamentarium. Moreover, there 

are concerns that this may paradoxically result in misleading treat-

ments for the concomitant metabolic disorders. However, NAFLD 

is a dynamic disease characterized by several factors that can 

change over time. Therefore, multiple phenotypic measurements 

still need to be further analyzed as separate components, reflect-

ing the complex spectrum of this disease. Also, further clarifica-

tion and stratification of MAFLD are needed to guide decision-

making and prognostication from a clinical perspective. 

SUMMARY AND CONCLUSIONS

Two recent studies have suggested that the MAFLD criteria can 

identify patients with a higher degree of disease severity.11,16 In 

contrast, another study showed that the MAFLD criteria might 

overlook the clinical and prognostic significance of non-MR 

NAFLD.16 Notably, several recent studies have shown that the clin-

ical characteristics, including renal function and fibrosis markers, 

of subjects with non-MR NAFLD might be better than those of 

subjects with MAFLD.17 However, another study showed that sub-

jects with non-MR NAFLD had a higher risk of CVD compared to 

those with neither NAFLD nor MAFLD, indicating the need for 

careful assessment and monitoring of this population.16 In addi-

tion, more studies are required to better elucidate the potential 

risk that can be the cause of future disease in the “lean” NAFLD 

subjects without any metabolic dysregulation who are excluded 

from the MAFLD criteria.

The role of genetic variation among subjects with MAFLD has 

not been fully investigated. Although one study indicated that 

PNPLA3 GG was more likely to be associated with MAFLD,40 the 

influence of genetic variation should be investigated and tailored 

to each subject. The MAFLD criteria seem to better identify sub-

jects at higher risk of liver-related complications, as documented 

in a recent cross-sectional study. In addition, two large-sized co-

hort studies with a median follow-up period of up to 10 years 

showed that the change from NAFLD to MAFLD criteria might 

identify a greater number of subjects with metabolically compli-

cated FLD and increased risk for CVD.16,23 However, large follow-

up studies are needed to compare the risk of developing impor-

tant extra-hepatic outcomes (e.g., hepatocellular carcinoma or 

other malignancy) of patients with either MAFLD or NAFLD.

Due to the scarcity and controversy of the existing data, it still 

remains unclear whether NAFLD or MAFLD is more feasible in 

clinical practice. More studies comparing the NAFLD and MAFLD 

criteria and stratifying subjects with MAFLD into different risk 

groups are needed to draw firm conclusions.
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Patients with new-onset liver cirrhosis frequently suffer psycho-

logically from the stigma of an incurable disease, regardless of the 

presence of associated symptoms. Physically, patients initially 

present with acute decompensating events, such as jaundice, as-

cites, variceal hemorrhage, and overt hepatic encephalopathy.1 In 

addition, liver cirrhosis is notorious for having high rates of symp-

tom prevalence beyond such decompensating events. The symp-

toms include pain (30–79%), breathlessness (20–88%), muscle 

cramps (56–68%), insomnia (26–77%), depression (4.5–64%), 

and anxiety (14–45%).2 These symptoms progressively deteriorate 

the quality of life of patients with cirrhosis. Frequent symptoms in 

patients with cirrhosis, such as fatigue, poor appetite, and sleep 

disturbance, can be overlooked by physicians, as they are related 

to physical discomfort rather than psychological problems.3 Treat-

ment for liver cirrhosis has been limited to etiology-oriented and 

liver transplant-or-palliative care.4

In the current issue of Clinical and Molecular Hepatology, Jang 

et al.5 reported that patients with liver cirrhosis newly diagnosed   

had higher suicide rates. The suicide rate was 2.59 times higher in 

the first 2 years after diagnosis and 3.72 times higher in patients 

aged between 18 and 49 years compared to the rates in the 

matched cohort group.5 These suicide risks were similar between 

alcohol-related vs. non-alcohol-related, and compensated vs. decom-

pensated groups. Previous studies on the association of liver cir-

rhosis and depression were based on a limited number of cases,6-9 

self-reported liver disease, and suicidal ideation.10 They classified 

depression using either the Beck depression inventory or the 

Hamilton depression rating scale,8,9 which was far from the physi-

cian’s diagnosis.3 The operational diagnosis of liver cirrhosis used 

in the current study may be clinically inaccurate. However, this 

study is unique in that it was based on a nationwide claims data-

base. Moreover, the present study evaluated the association be-

tween liver cirrhosis and unambiguous objective cause of death, 

namely suicide. The suicide incidence rate in younger patients 

with liver cirrhosis was distinctively higher than that of the general 

population. According to the Korean Statistical Information Ser-

vice, the number of self-harm cases that led to suicide was 26.9 

per 100,000 persons, and it accounted for 4.7% of the total 

deaths in South Korea in 2019.11 The frequency of suicidal cases 
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tends to increase in higher age groups; 67.8 per 100,000 persons 

in their 80s, 46.2 per 100,000 persons in their 70s, and 33 per 

100,000 persons in their 60s.12 The underlying mechanism for the 

association between the psychological substrate and liver cirrho-

sis remains unclear. Free triiodothyronine levels lower than 3.5 

mol/L among chronic hepatitis B patients have been associated 

with clinical depression (odds ratio [OR], 7.85; 95% confidence in-

terval [CI], 1.839–33.547) and clinical insomnia (OR, 3.91; 95% 

CI, 1.417–10.789), respectively.13 Blood serotonin level was de-

creased in liver cirrhosis patients with depressive disorder.14,15 Dis-

arrangement of melatonin homeostasis was presumed to be relat-

ed to daytime sleepiness and fatigue.16 Nevertheless, further 

studies on the possible mechanisms are required.

These results support the need for patient-centered interven-

tions to improve the quality of life for patients with liver cirrhosis. 

Paradoxically, the group with anxiety/depression showed longer 

overall survival than the non-disorder group among patients with 

hepatocellular carcinoma.17 Patients should be educated on how 

to take care of themselves during unpredictable decompensating 

events. They also need to be briefed on their treatment goals and 

how they can prepare for their future.18 Nonhospice palliative care 

for end-stage liver disease is frequently misconstrued as end-of-

life care by both patients and healthcare providers.4 However, it is 

not far from clinical practice. Verna et al.4 suggested using screen-

ing tools to integrate palliative care intervention in the earlier 

stages of liver cirrhosis. Such tools included 1) Child-Pugh class C, 

2) more than one liver-related admission within the last 6 months, 

3) ongoing alcohol use in the context of known alcohol-associated 

liver disease, 4) unsuitability for liver transplantation, and 5) the 

World Health Organization/Eastern Cooperative Oncology Group 

performance score of 3 or 4.4 An ongoing multicenter randomized 

controlled trial aims to assess and compare the effectiveness of 

palliative care led by a specialist (non-hepatologist) and a trained 

hepatologist.18 The change in patients’ quality of life in the first 3 

months is the primary outcome. The results of this trial will pro-

vide scientific evidence supporting the need for integration of pal-

liative care in routine hepatology care. Furthermore, evidence-

based profit margins for palliative care services should be imple-

mented in the healthcare system.
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In chronic hepatitis B virus (HBV) infection, the term immune-

tolerant phase has been used for decades to describe the early 

years of infection in patients who are infected perinatally.1 Yet it 

has been challenged that there is no genuine immune tolerance, 

as immunological studies revealed that children and young adults 

with chronic hepatitis B (CHB) have an immune profile that is not 

as compromised as in older patients.2 The practice guidelines by 

the European Association for the Study of the Liver (EASL) in 2017 

even abandoned the term “immune-tolerant phase”. Instead, a 

new nomenclature – phase 1 or hepatitis B e antigen (HBeAg)-

positive chronic infection – was used.3 This new name remains to 

be widely adopted, as the latest 2018 American guidance4 and 

the 2015 Asian Pacific practice guidelines5 continue to use the old 

term. The practice guidance by the American Association for the 

Study of Liver Diseases (AASLD) defined immune-tolerant phase 

as positive HBeAg, very high serum HBV DNA level (typically 

above 1,000,000 IU/mL), normal or minimally elevated transami-

nases, and liver biopsy or non-invasive test results showing no fi-

brosis and minimal inflammation.4 Unlike EASL that defined nor-

mal alanine aminotransferase (ALT) as <40 IU/L for both gender, 

AASLD defined normal ALT as <35 and <25 IU/L for males and 

females.3,4 The Asian Pacific practice guidelines defined this phase 

with positive HBeAg, a normal ALT (<40 IU/L) and a lower thresh-

old of serum HBV DNA (>20,000 IU/mL) and put up age as one of 

the criteria (typically below 30 years old).5 The Korean Association 

for the study of the Liver defined immune-tolerant phase as posi-

tive HBeAg, very high serum HBV DNA levels of ≥107 IU/mL, per-

sistently normal ALT (≤34 IU/L in males and ≤30 IU/L in females), 

and no or minimal liver necroinflammation.6

It is often challenging to differentiate immune-tolerant phase 

from immune-active phase, or named as phase 2/HBeAg-positive 

chronic hepatitis, because the key distinguishing features of ele-

vated serum ALT may be easily missed if the follow-up interval is 

not frequent enough.7 This affects our treatment plan, as by far 

the international guidelines do not support treating patients in 
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immune-tolerant phase while persistently immune-active patients 

deserve antiviral treatment.3-5 The AASLD explicitly recommends 

against antiviral therapy for adults with immune‐tolerant CHB.4 

Furthermore, this dubious classification also poses challenges to 

study the risk of hepatocellular carcinoma (HCC) of immune-toler-

ant phase, as some patients may have phase transition between 

clinical assessments.8 This also explains while most of the studies 

reported a minimal risk of HCC in immune-tolerant patients, one 

particular study from Korea showed a conflicting result that un-

treated immune-tolerant patients had higher HCC risk than treat-

ed HBeAg-positive immune-active patients.9

In this issue of Clinical and Molecular Hepatology, Jeon et al.10 

report the HCC risk in 125 immune-tolerant patients and compare 

that with 2,024 HBeAg-positive non-cirrhotic patients who re-

ceived antiviral treatment. They defined immune-tolerant patients 

as untreated patients who had positive HBeAg, HBV DNA level 

>20,000 IU/mL, and normal ALT level of <40 U/L. They further 

defined a low risk group of immune-tolerant patients using the fi-

brosis-4 (FIB-4) index <1.45, which reflected a minimal fibrotic 

burden. At a median follow-up of 7 years, none of the immune-

Table 1. Comparison of three studies on risk of hepatocellular carcinoma among patients with immune-tolerant chronic hepatitis B

Data source
Jeon et al.10 

(Single-center/South Korea)
Kim et al.9 

(Single-center/South Korea)

Lee et al.8 
(Multicenter/South Korea: 2, 

Hong Kong: 1)

Definition related to  
immune-tolerant phase

Hepatitis B e antigen status Positive Positive Positive

HBV DNA level >20,000 IU/mL >20,000 IU/mL >1,000,000 IU/mL

ALT level Normal (<40 U/L) Normal (<19 U/L for females and 
<30 U/L for males)

Normal (<40 U/L)

Age No restriction No restriction <40 years

Antiviral treatment Untreated Untreated Untreated

Cirrhosis status Non-cirrhotic; subgroups with  
low/high FIB-4 were studied

Non-cirrhotic Non-cirrhotic

Method to handle phase 
change in immune-tolerant 
patients

Patients who had phase change 
were censored at phase change 
in per-protocol analysis, or not 
censored in intention-to-treat 
analysis

Patients who had phase change 
within 1 year were excluded. 
Patients were not censored at 
phase change

Patients who had phase change 
were censored at phase change

Study population

Clinical characteristics Immune-tolerant patients (n=125) Immune-tolerant patients (n=413) Immune-tolerant patients (n=194)

Age (years) 39 (28–51) 38±11 32±6

Male sex 77 (61.6) 276 (66.8) 84 (43.3)

HBV DNA (log IU/mL) 8.0 (7.8–8.0) 8.0 (7.0–8.4) 8.1±0.6

ALT (U/L) 23 (19–31) 19 (16–25) 25 (19–32)

Albumin (g/dL) 4.4 (4.1–4.6) 4.0 (3.8–4.3) 4.4±0.4

Total bilirubin (mg/dL) 0.7 (0.5–0.9) 0.9 (0.7–1.1) 0.8±0.5

Platelet (×109/L) 210 (179–262) 204 (167–242) 232±63

Follow-up duration (years) 7.2 (4.7–9.2) 4.9 (2.4–8.6) 5.7 (2.1–9.8)

Clinical outcomes

Hepatocellular carcinoma 2 (1.6)
0 (0) among FIB-4 <1.45

24 (5.8)
-

0 (0)
-

Values are presented as mean±standard deviation, median (interquartile range), or number (%).
HBV, hepatitis B virus; FIB-4, fibrosis-4; ALT, alanine aminotransferase.
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tolerant patients with FIB-4 <1.45 developed HCC, as compared 

to a cumulative HCC incidence of 1.4% at 5 years among treated 

patients with FIB-4 <1.45, though the difference between the 

two groups did not reach statistical significance. In contrast, 2/34 

(5.9%) immune-tolerant patients with FIB-4 ≥1.45 developed 

HCC, with a 5-year cumulative HCC incidence of 6.0%, which was 

significantly higher than that in immune-tolerant patients with 

FIB-4 <1.45. The analysis remained robust with and without cen-

soring of immune-tolerant patients at the time of transition to im-

mune-active phase.

The findings of Jeon et al.10 are in line with a multicenter study 

from Lee et al.8 that showed no immune-tolerant patients devel-

oped HCC during a median follow-up of 5.7 years. It is however 

different from that of another Korean study from Kim et al.,9 

which suggested that untreated immune-tolerant CHB patients 

have a higher risk of HCC than treated HBeAg-positive immune-

active patients. In Kim et al.’s study,9 24/413 (5.8%) of immune-

tolerant patients developed HCC at a median follow-up of 5 years, 

with a 5-year cumulative incidence of 4.2%. In contrast, 54/1,497 

(3.6%) HBeAg-positive immune-active patients developed HCC, 

i.e., a 5-year cumulative incidence of 1.6%. Numerically, the HCC 

incidence of immune-tolerant patients in Kim et al.’s study9 is 

higher than that in Jeon et al.’s10 and Lee et al.’s8 studies. Table 1 

compares the definition, study population, and the methods used 

to handle phase change of immune-tolerant patients in the three 

studies. Basically, the definition of immune-tolerant CHB was sim-

ilar between Jeon et al.10 and Kim et al.9 The baseline HBV DNA 

level, ALT level, and age were quite comparable between their 

immune-tolerant patients. A more stringently defined immune-

tolerant phase with HBV DNA level above 1,000,000 IU/mL and 

age <40 years was adopted by Lee et al.;8 the patients were 

therefore younger and had generally high HBV DNA.

 However, the method of handling phase change may partly ex-

plain the difference in HCC cumulative incidence. While Jeon et 

al.10 and Lee et al.8 handled that by censoring patients after phase 

change, Kim et al.9 continued to follow the patients after they 

transited from immune-tolerant to immune-active CHB. Lee et al.8 

showed that the 5-year cumulative incidence of change from im-

mune-tolerant to immune-active phase can reach about 40%. 

Given that those patients did not receive antiviral treatment under 

their definition of immune-tolerant patients, those patients are at 

risk of disease progression as well as HCC development. Based on 

the result of Kim et al.’s study,9 one may suggest earlier antiviral 

treatment in selected immune-tolerant patients, yet those select-

ed may indeed be immune-active patients who already fulfil treat-

ment criteria, and the remaining immune-tolerant patients are 

generally safe from disease progression and do not deserve anti-

viral treatment. In fact, none of the patients in Lee et al.’s study,8 

and among patients with FIB-4 <1.45 in Jeon et al.’s study10 de-

veloped HCC. Even so, Kim et al.’s study9 can partly reflect the 

clinical consequence of absence of antiviral treatment during im-

mune-tolerant phase. Some of the patients might have hidden he-

patic necroinflammation during immune-tolerant phase, which 

may partly contribute to the subsequent HCC development in im-

mune-active phase. As echoed by Jeon et al.’s study,10 some im-

mune-tolerant patients can indeed have a FIB-4 >1.45, which is 

associated with an increased HCC risk. A detailed description of 

patients who developed HCC will help to distinguish whether the 

patients were still in immune-tolerant phase at the time of HCC 

development, and to understand more on the fibrotic burden and 

degree of hepatic necroinflammation in this hidden but potentially 

high-risk group of CHB patients.

What are the implications of the study by Jeon et al.?10 Above 

all, it is reassuring to see that patients who are truly in the im-

mune-tolerant phase have very low risk of HCC development. The 

keyword here, however, is “truly”. Clinicians need to monitor pa-

tients longitudinally to ensure that the ALT level remains normal. 

In patients with CHB, high-normal or mildly elevated ALT is asso-

ciated with increased HCC risk.11 Current guidelines provide con-

flicting definitions for normal ALT in patients with CHB (40 U/L by 

EASL and Asian Pacific; 35 U/L in men and 25 U/L in women by 

AASLD). As data accumulate, a unified definition would be useful 

to practicing clinicians.

It is also important to perform non-invasive tests of fibrosis to 

ensure that we are not missing patients in the immune-active 

phase with fibrosis progression. The study by Jeon and colleagues 

suggests that a fibrosis score as simple as the FIB-4 index can be 

used to identify a low-risk population. Although FIB-4 only has 

modest accuracy for advanced fibrosis, it has a high negative pre-

dictive value and is well suited for initial screening. In the general 

population, people with persistently low FIB-4 are at extremely 

low risk of cirrhosis, HCC and hepatic decompensation.12 In spe-

cialist settings, specific fibrosis biomarkers and liver stiffness mea-

surement by ultrasound elastography or magnetic resonance elas-

tography would provide a more accurate estimation of the degree 

of liver fibrosis.13

As HBV cure has become a hot area of research, we may one 

day have drugs that can achieve a high rate of functional cure, i.e., 

HBsAg seroclearance, regardless of the phase of the disease. Be-

fore that happens, one should be cautious in initiating treatment 
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for patients in immune-tolerant phase. A Korean retrospective 

multicenter study showed that in patients with positive HBeAg, 

HBV DNA >20,000 IU/mL, and normal ALT, the median time to 

complete viral suppression was 17 months in patients who started 

antiviral treatment during immune-tolerant phase, as compared to 

71 months in patients without treatment.14 As a counter-example, 

in a randomized trial of patients with positive HBeAg, high base-

line serum HBV DNA >1.7×107 IU/mL and normal ALT, treatment 

with tenofovir disoproxil fumarate for 4 years could only achieve 

HBeAg seroconversion in 4.8% and HBV DNA suppression to <29 

IU/mL in 45%.15 Apparently, without the help of host immune 

clearance, current antiviral treatment might not be potent enough 

to completely suppress the virus in patients with very high pre-

treatment serum HBV DNA. Partial viral suppression may also hin-

der transition into the immune-active phase and delay HBeAg se-

roconversion. How such suboptimal response would affect the 

patients’ lifetime risk of HCC and disease progression is currently 

unknown.16 Fortunately, based on data from Jeon et al.’ paper,10 

one may safely withhold treatment and monitor patients with im-

mune-tolerant CHB, so far if the ALT level and non-invasive tests 

of fibrosis remain normal.
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Pathological confirmation is an essential part of diagnosing 

neoplasms, as it is the only means of identifying the histological 

pattern (e.g., glandular, squamous) and it may also provide clues 

to identifying the cell lineage or origin, especially in situations 

where metastasis is a consideration. The two main methods of 

preoperative pathological examination are biopsies (e.g., core 

needle biopsy [CNB], incisional biopsy and punch biopsy) and cy-

topathology (e.g., fine needle aspiration cytology [FNAC], wash-

ing cytology, exfoliative cytology). For focal intrahepatic masses, 

the most commonly performed procedures are percutaneous CNB, 

transjugular liver biopsy and percutaneous FNAC. Recently, endo-

scopic ultrasound-guided fine needle aspiration biopsy is also re-

ceiving increasing attention.1,2

Although all these procedures potentially provide good quality 

tissue or cytology samples, they are invasive, and not without the 

risk of complications. In the setting of neoplasms, one rare but 

important complication of liver biopsy is needle tract seeding of 

the tumor cells, which has been reported in ~3% overall for hepa-

tocellular carcinomas (HCCs).3-5 A more common downside of 

needle biopsies is patient discomfort during the procedure, in ad-

dition to the risk of bleeding and infection. FNAC is another well-

established method for diagnosing focal lesions, which is less ex-

pensive compared to percutaneous CNB, and causes less 

discomfort to the patient, as it is usually performed with a nar-

rower 22-gauge needle.

In this issue of Clinical and Molecular Hepatology, Huang et al.6 

present the results of a direct comparison of the diagnostic per-

formance of CNB, FNAC and touch imprint cytology (TIC) for di-

agnosing hepatic malignancies. In their analysis of 235 hepatic 

malignancies, the sensitivity of CNB (93.6%) for diagnosing he-

patic malignancies was superior to that of FNAC (71.9%) and TIC 

(85.1%) when all three procedures were performed, and adding 

FNAC to CNB only minimally increased the sensitivity of CNB. On 

the other hand, the authors found that FNAC alone provided ex-

cellent sensitivity (100%) for diagnosing metastatic tumors that 

were hyperechoic on ultrasonography and located less than 4.5 

cm from the needle insertion site. Based on their findings, the au-

thors conclude that 1) CNB may be the most sensitive method for 

detecting hepatic malignancies as a whole, 2) the sensitivity of 

TIC approaches that of CNB for detecting metastatic lesions, and 

3) FNAC is highly sensitive in the setting of superficially-located, 

hyperechoic and metastatic carcinomas.

Selection of the appropriate technique for hepatic neoplasm de-

Biopsy or cytology for diagnosing hepatic focal lesions?
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tection should be based on the clinical context and the individual 

institutional experience and setting. In general, CNB provides 

more tissue material for histomorphological evaluation and ancil-

lary studies. This is especially important in situations where the 

cytological features alone have limited value and evaluation of 

the tissue architecture provides essential clues for the diagnosis. 

For example, in the setting of small hepatic focal lesions where 

the differential diagnosis in question is well-differentiated hepato-

cellular neoplasm (e.g., HCC, hepatocellular adenoma) versus tu-

mor-like lesion (e.g., focal nodular hyperplasia or regenerative 

nodule), it is necessary to evaluate features such as hepatic plate 

thickness, reticulin loss, presence of central fibrous scars, ductular 

reactions, changes in vascular profiles (e.g., sinusoidal capillariza-

tion, unpaired arteries, dystrophic blood vessels) and stromal in-

vasion. The pattern of immunohistochemical expression – not 

merely its presence or absence – may also play a pivotal role in 

the diagnosis, for example, the map-like staining pattern of gluta-

mine synthetase in focal nodular hyperplasia. Another setting 

where tissue evaluation is necessary is poorly differentiated ma-

lignant neoplasms. In these situations, sufficient tissue is often 

needed to perform panels of ancillary tests (such as immunohisto-

chemistry, in situ  hybridization and molecular sequencing) to 

characterize the cellular lineage and/or origin of the tumor.

However, FNAC also has its advantages. As it is usually per-

formed with a narrower needle compared to CNB, it is useful for 

patients with poor liver function and risk of bleeding, for cases 

where the target nodules are located near the large vessels or 

when there is a need to penetrate the bowel, and for small and 

deeply-located lesions that require patient cooperation during the 

procedure.7 In addition, in institutions where rapid on-site evalua-

tion (ROSE) is available, FNAC may be used for assessment of ad-

equacy during the procedure. Furthermore, it has also been dem-

onstrated that tumor cellularity and tumor fraction were higher in 

FNACs compared to corresponding CNB tissues, suggesting that 

FNAC samples may be more suitable for molecular tests such as 

next-generation sequencing.8 Cell blocks may be prepared from 

FNAC material, on which immunostains can be performed. Liquid-

based cytology may also have a role in FNAC of hepatic focal le-

sions, although further studies are needed. In institutions with ex-

perienced cytopathologists, hepatic FNAC has been found to be a 

highly sensitive and specific method of diagnosing hepatic malig-

nancies.7,9

TIC of CNB specimens is performed in some institutions for on-

site evaluation of adequacy (ROSE). ROSE, when available, pro-

vides real-time evaluation of the adequacy of the obtained tissue 

and therefore helps to avoid unnecessary additional needle pass-

es. It should be noted that the TIC procedure itself may sometimes 

cause damage (e.g., crushing or drying artifacts) or depletion of 

the CNB tissue, potentially decreasing the diagnostic performance 

of CNB.10

Huang et al.6 demonstrated excellent sensitivity of FNAC for di-

agnosing metastatic lesions that were superficially located (less 

than 4.5 cm from the needle insertion site) and hyperechoic on 

ultrasound, suggesting a role for FNAC as the primary means of 

diagnosis in this clinical context, instead of CNBs. Although fur-

ther validation would be required in independent and prospective 

cohort studies where the cytopathologists are blinded to the his-

topathology results and vice versa, considering the clinical diag-

nosis, the depth of the lesion and the echogenic features of a he-

patic nodule may provide useful guides for selecting the 

appropriate procedure. However, it should be noted that these re-

sults are based on a categorical diagnosis of “positive for malig-

nant cells” rather than a more specific diagnosis, such as the his-

tological subtype and the site of origin etc. If FNAC is performed 

without a concurrent CNB, the amount of information yielded 

from the aspirate would depend on 1) the level of expertise of the 

cytopathologist, 2) the level of expertise of the radiologist and/or 

hepatologist performing the FNAC, 3) the presence of a multidis-

ciplinary setting where the cytopathologist has access to detailed 

clinical and radiological information and 4) the availability of cell 

blocks for ancillary tests. Ancillary tests, such as immunocyto-

chemistry, would be especially useful for the characterization of 

the primary site in the case of metastatic tumors.
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Chronic hepatitis B virus (HBV) infection continues to be a cru-

cial health issue worldwide as more than 200 million individuals 

are positive for hepatitis B surface antigen (HBsAg).1 Patients with 

chronic HBV infection are at an increased risk of developing liver 

cirrhosis and hepatocellular carcinoma (HCC), resulting in over 

one million deaths per year.2 So far, there is no cure for HBV and 

prolonged suppression of viral replication via inhibiting reverse 

transcriptase by nucleos(t)ide analogue (NA) treatment is the only 

way to minimize their liver-related complications and to reduce 

HCC risk.2

Three potent NAs, including tenofovir disoproxil fumarate (TDF), 

tenofovir alafenamide, and entecavir, are recommended as first-

line treatment by clinical practice guidelines. Besifovir dipivoxil 

maleate (BSV) is a new acyclic nucleotide phosphonate with po-

tent antiviral activity against HBV.3,4 In this study, Song et al.5 ex-

plored BSV’s antiviral efficacy and drug safety up to 192 weeks in 

two groups: 170 patients continuing BSV treatment (BSV-BSV) 

and 152 patients switching from TDF to BSV after 48 weeks (TDF-

BSV). They found more than 90% of virological response rates 

over 192 weeks in both groups and no drug-resistant mutations 

to BSV. Bone mineral density and renal function were well pre-

served in the BSV-BSV group, whereas these initially worsened 

then recovered after switching therapy in the TDF-BSV group. 

However, only one participant achieved HBsAg loss in both 

groups.5

Prolonged NA treatment to suppress viral replication is the 

mainstay treatment strategy in current practice. According to this 

study, 4-year viral suppression is still far from achieving HBsAg 

clearance,5 which is also compatible with other clinical studies us-

ing different NA treatments.6,7 In addition to the on-going clinical 

trials aiming at HBsAg clearance,8 there are several issues that 

need to be addressed. First, as the goal for prolonged NA treat-

ment is to reduce HCC risk, a precise HCC prediction model in ad-

dition to serum HBV DNA and alanine aminotransferase levels is 

mandatory to decide who should receive early antiviral treat-

ment.9 For example, around 50% of HBeAg-negative patient 

without liver cirrhosis are in grey zone for antiviral treatment and 
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their prognosis is heterogenous.10-12 With a better prediction mod-

el integrated with more viral markers,13,14 we may be able to iden-

tify some of the grey-zone patients who need early antiviral treat-

ment due to the elevated HCC risk.

The second issue is how to predict the residual HCC risk after 

prolonged antiviral treatment to minimize viral replication. In ad-

dition to host factors, including age and sex,15 surrogate markers 

for liver fibrosis have shown their potential to improve the predic-

tion performance of current HCC prediction models.16,17 A better 

HCC prediction model may impact how to perform cost-effective 

surveillance for HCC.

In summary, although BSV provides us another NA choice to 

suppress viral replication activity, it is still far from achieving HB-

sAg clearance. The current unmet need for physicians is to identify 

the patients with high HCC risk for an early antiviral treatment 

and to define the residual HCC risk after long-term antiviral treat-

ment, which may impact the HCC surveillance system.
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INTRODUCTION

Chronic illnesses are strongly correlated with suicide risk.1 The 

risk of suicide in people suffering from diseases, such as cancer, 

chronic renal failure, or heart failure, is significantly higher than 

that of the general population.2-4 However, few reports have in-

vestigated the risk of suicide resulting from chronic liver diseases, 

such as liver cirrhosis (LC).

Diagnosis of LC can cause significant psychological stress in pa-

tients. This is, in part, because most forms of LC are irreversible, 

and the disease brings about a significant decrease in quality of 

life, which is consequent to complications arising from deteriora-

tion of hepatic function. Accumulation of psychological distress 

may not only cause depression, but also lead to suicidal thoughts. 

Indeed, a previous study has reported that patients with chronic 

liver disease have a higher risk of depression and demonstrate in-

creased attempts at suicide.5

The most common cause of LC in South Korea is chronic viral 

hepatitis B, followed by alcoholic hepatitis and chronic viral hepa-

titis C.6 The prevalence of chronic hepatitis B-related LC has con-

tinued to decrease due to vaccination and administration of anti-

viral drugs. However, the prevalence of alcoholic LC has continued 

to increase to 31%, and this prevalence is high compared with 

that of other developed countries.6 In 2015, socioeconomic costs 

to the 40–49-year-old age group were the second highest burden 

of LC after those for self-harm, and it is suggested that the socio-

economic burden associated with LC is very high.7 However, few 

organizations or committees offer psychological health support to 

patients with LC.

When comparing the absolute risk of suicide to death resulting 

from LC complications, the risk may be significantly lower. How-

ever, although LC symptoms cannot always be effectively con-

trolled, psychological intervention can be provided to prevent sui-

cides. Indeed, several studies suggest that psychological stress in 

patients with LC is clinically relevant. Specifically, patients with LC 

have psychological distress and depression, which are correlated 

with severity of liver disease.8-11 Moreover, several studies have 

suggested that severe psychological stress, such as depression, 

impairs the clinical prognosis of patients with chronic liver diseas-

es and LC, as well as that of post-liver transplant patients.12-14 

However, few studies have investigated whether the risk of sui-

cide is higher in LC patients. Our study attempts to fill this gap by 

Background/Aims: Current evidence suggests that liver cirrhosis (LC) causes severe psychological stress and depression, 
which are risk factors for suicide. Although previous studies reported the association between LC and suicidal thoughts, 
little is known of its effect on suicidal deaths. Therefore, this study was undertaken to investigate the effect of new-onset 
LC on suicide.
Methods: From the National Health Insurance Service-National Sample Cohort of South Korea, 5,809 incident LC patients 
and 11,618 risk-set controls matched by propensity score were selected for follow-up. The incidence rate of suicide was 
estimated using a generalized estimating equation with a Poisson distribution. Effect size was presented as a hazard ratio 
(HR) using Cox’s proportional hazards model.
Results: The incidence rate of suicide was 143.3 cases per 100,000 person years (95% confidence interval [CI], 100.2–
205.1) among the LC cohort. The LC patients were 2.37 times more likely to commit suicide compared with matched 
controls (HR, 2.37; 95% CI, 1.44–3.88). Increased suicide risk was evident within the first 2 years of the follow-up period (HR, 
2.59; 95% CI, 1.20–5.60) and among the 18–49-year-old age group (HR, 3.72; 95% CI, 1.45–9.56).
Conclusions: Our study found increased risk of suicide in patients with new onset LC, especially during the early period 
following diagnosis and in younger patients. To decrease this suicide risk, a regular and continuous social support system 
is required. (Clin Mol Hepatol 2021;27:283-294)
Keywords: Liver cirrhosis; Suicide; Risk; Depression; Psychological distress

Study Highlights
· Patients newly diagnosed with cirrhosis face severe psychological stress.
· Patients newly diagnosed with cirrhosis have a 2.37 times higher suicidal incidence rate than the matched cohort group.
· A social and psychological support system is required for patients diagnosed with cirrhosis.
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investigating whether newly developed LC increases the risk of 

suicide.

MATERIALS AND METHODS

Study subjects

Incident LC patients and matched controls were selected from 

the National Health Insurance Service-National Sample Cohort 

(NHIS-NSC) of South Korea. The NHIS established an administra-

tive database for research purposes, i.e., the National Health In-

formation Database (NHID), which stores all healthcare service re-

cords from the general population.15,16 From the NHID, the NHIS 

constructs and provides researchers the NHIS-NSC, a representa-

tive administrative dataset, for guiding health policy and carrying 

out biomedical research. A detailed cohort profile was published 

by the NHIS.16 The NHIS-NSC consists of one million people se-

lected by a systematic stratified random sampling method from a 

target population of 48,222,537 in 2006. Under the aegis of a 

compulsory social insurance system instituted by the National 

Health Insurance Act, all subjects could be followed until 2015, 

except in cases of disqualification due to death or emigration. 

Data from 2002 to 2005 were included to provide additional past 

medical information. As a single payer, the NHIS maintains all 

personal information, demographics, and medical treatment data 

for the entire Korean population. Key variables in the NHIS-Senior 

include all inpatient and outpatient medical claims data, such as 

treatment procedure codes, prescription codes, and diagnostic 

codes. This study protocol was approved by the Institutional Re-

view Board of Chungnam National University Hospital (IRB No.: 

2019-10-001).

Incident LC cohort

The incident LC cohort was constructed from the NHIS-NSC 

base cohort. To be enrolled, subjects must fit the operational defi-

nition of new-onset LC, i.e., first-time admission to an acute care 

hospital or two or more outpatient visits with primary or the first 

secondary diagnostic codes of LC (International Statistical Classifi-

cation of Diseases and Related Health Problems, 10th Revision 

[ICD-10] K702, K703, K717, K74, K761, K765, K766). The decom-

pensated LC cohort comprised those with K702, K703, K717, K74, 

K761, K765, K766 codes accompanying I85.0, I86.4, I98.3, K72, 

K72.1, K72.9, K76.7, R17, R18 codes, and the alcoholic cirrhosis 

cohort was defined as patients with simultaneous codes of K70.2 

and K70.3. For definition of the ICD-10 code for LC patient 

groups, validation studies and a South Korean study were refer-

enced.17-20 Among these patients, some were excluded to maintain 

the study design validity. To select new-onset LC cases, patients 

having medical claims of LC between 2002 and 2006 (a 5-year 

washout period) were considered to have a diagnosis of LC previ-

ously, and were excluded. The date of LC incidence was defined 

as that of the first admission or the second outpatient visit, 

whichever occurred first. The second outpatient visit was consid-

ered the date of diagnosis of LC to avoid immortal time bias,21 

which is the interval between the first and the second outpatient 

visit. LC patients younger than 18 years at the time of LC inci-

dence were also excluded. From January 1, 2007, new-onset LC 

patients were enrolled in the incident LC cohort at the index date 

(time zero) and followed up.

Identification of suicides

Information on death from Statistics Korea was individually 

linked using unique personal identification numbers.16,22 Under a 

de-identification policy, the calendar year and month of death 

were provided by the NHIS, after masking the exact date. By law, 

all deaths are required to be reported to Statistics Korea. Suicide 

was identified by the set of deaths assigned ‘Intentional self-

harm’ (ICD-10 codes, X60 to X84).

Risk set matching on propensity score

Although the NHIS-NSC was constructed retrospectively, the 

design of this study was planned to mimic a prospective study. 

First, a time-dependent propensity score was calculated, followed 

by risk-set matching.23,24 To adjust for confounding effects, the as-

sociation between LC and suicide was examined by time-depen-

dent propensity score matching.24 Hazard components (as propen-

sity score) were estimated using Cox’s proportional hazards model 

with January 1, 2007 as baseline and LC as event. All variables in-

cluded in Table 1 were independent variables and were collected 

from 3 years (2004 to 2006) before baseline. Age and square of 

age were included as continuous variables, whereas sex, house-

hold income level (decile), registered disability, residential district 

as fixed effect, Charlson Comorbidity Index (CCI), numbers of 

hospital admissions and outpatient visits, and past medical history 

were included as categorical variables. Each subject’s number of 

comorbidities was assessed by diagnostic codes using the Quan 
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Table 1. Baseline characteristics of liver cirrhosis patients and their risk set-matched cohort

Characteristic Liver cirrhosis cohort (n=5,552) Matched cohort (n=11,104) Standardized difference

Age (years) 56.3±12.9 56.3±12.9 0

Square of age 3,334.2±1,472.8 3,334.2±1,472.8 0

Female sex 1,586 (28.6) 3,172 (28.6) 0

Household income level (decile) 0.0314

Medical aid program 447 (8.1) 942 (8.5)

National health insurance

First 478 (8.6) 976 (8.8)

Second 450 (8.1) 966 (8.7)

Third 429 (7.7) 855 (7.7)

Fourth 505 (9.1) 982 (8.8)

Fifth 476 (8.6) 944 (8.5)

Sixth 449 (8.1) 887 (8.0)

Seventh 644 (11.6) 1,260 (11.3)

Eighth 475 (8.6) 937 (8.4)

Ninth 583 (10.5) 1,124 (10.1)

Tenth 616 (11.1) 1,231 (11.1)

Registered disability 474 (8.5) 923 (8.3) 0.0081

Residential district 0.0307

Seoul 1,000 (18.0) 1,971 (17.8)

Pusan 503 (9.1) 982 (8.8)

Daegu 241 (4.3) 501 (4.5)

Incheon 247 (4.4) 496 (4.5)

Gwangju 159 (2.9) 307 (2.8)

Daejeon 120 (2.2) 225 (2.0)

Ulsan 119 (2.1) 231 (2.1)

Gyeonggi-do 1,102 (19.9) 2,209 (19.9)

Gangwon-do 210 (3.8) 432 (3.9)

Chungcheongbuk-do 145 (2.6) 296 (2.7)

Chungcheongnam-do 279 (5.0) 525 (4.7)

Jeollabuk-do 259 (4.7) 522 (4.7)

Jeollanam-do 340 (6.1) 732 (6.6)

Gyeongsangbuk-do 331 (6.0) 656 (5.9)

Gyeongsangnam-do 417 (7.5) 859 (7.7)

Jeju-do 80 (1.4) 160 (1.4)

Charlson Comorbidity Index score 0.0450

0 3,082 (55.5) 6,300 (56.7)

1 1,345 (24.2) 2,745 (24.7)

2 624 (11.2) 1,162 (10.5)

3 291 (5.2) 509 (4.6)

4 or more 210 (3.8) 388 (3.5)
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ICD-10 coding algorithm of CCI score.25 The presence of CCI dis-

ease-constituting categories and the presence of a past medical 

history of malignant neoplasm, congestive heart failure, chronic 

obstructive pulmonary disease, or alcoholic liver disease were de-

fined by at least two outpatient visits or one admission upon pri-

mary or first secondary diagnosis. Prescription over 90 days for 

antihypertensive, antidiabetic, or lipid-lowering agents was ac-

counted for as patients using corresponding medications.

Second, to emulate a prospective study, the patients were 

matched to subjects at risk of LC by age, sex, and use of anti-de-

pressants at the calendar date (time zero) when the first LC pa-

tient was identified. This method of risk-set matching was repeat-

ed for subsequent patients until the last LC patient.23,26,27

Third, 1:2 matching on propensity score was performed sequen-

tially for each risk set using a nearest neighbor matching algo-

rithm with a maximum caliber of 0.1 of the hazard components. 

To allow matching to be independent of future events, the 

matched-control subjects could be either those who never devel-

oped LC or those who had not yet developed LC. Thus, an LC pa-

tient in the incident LC cohort could enter the study as an LC pa-

tient or a matched control for another LC patient whose time zero 

was prior to that of the initial patient.28 Next, to yield non-over-

lapping samples from the risk set, the matched subjects were re-

moved from the next risk sets. The process was performed itera-

tively with the next risk sets until there were no more treated 

patients in the risk set.

Statistical analyses

Using the final matched cohorts, statistical tests for the associ-

ation between incident LC and risk of suicide were performed 

considering the statistical nature of matched-pair analysis. To as-

sess covariate balance between treatment groups, baseline char-

acteristics were compared with standardized differences where a 

Characteristic Liver cirrhosis cohort (n=5,552) Matched cohort (n=11,104) Standardized difference

Number of hospital admission 0.0412

0 4,047 (72.9) 8,276 (74.5)

1 876 (15.8) 1,694 (15.3)

2 or more 629 (11.3) 1,134 (10.2)

Number of outpatient visit 0.0616

0 329 (5.9) 720 (6.5)

1–9 1,590 (28.6) 3,383 (30.5)

10–19 1,153 (20.8) 2,360 (21.3)

20–29 747 (13.5) 1,384 (12.5)

30–39 578 (10.4) 1,056 (9.5)

40 or more 1,155 (20.8) 2,201 (19.8)

Antihypertensive agents 1,392 (25.1) 2,609 (23.5) 0.0368

Antidiabetic agents 598 (10.8) 1,085 (9.8) 0.0329

Lipid lowering agents 444 (8.0) 865 (7.8) 0.0077

Antidepressive agents 400 (7.2) 800 (7.2) 0

Antiviral agents 138 (2.5) 267 (2.4) 0.0052

Malignant neoplasm 185 (3.3) 326 (2.9) 0.0227

Congestive heart failure 67 (1.2) 112 (1.0) 0.0189

Chronic obstructive pulmonary disease 472 (8.5) 887 (8.0) 0.0187

Alcoholic liver disease 385 (6.9) 798 (7.2) 0.0098

Values are presented as mean±standard deviation or number (%). 
At the date of liver cirrhosis incidence of each patient, two controls were matched on follow-up time and propensity score estimated by Cox proportional 
hazards model with predictors included in this table.

Table 1. Continued
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difference less than 0.1 (10%) is generally considered negligi-

ble.29,30 The cumulative incidence curve of suicide was obtained 

by Kaplan-Meier survival curves and a stratified log-rank test was 

used to compare the Kaplan-Meier curves of the matched co-

hort.31 Cumulative incidence of suicide and 95% confidence in-

terval (CI) was calculated by the product limit (Kaplan-Meier) 

method of survival probability. Incidence rate (IR) of suicide and 

95% CI were calculated based on a generalized estimating equa-

tion with a Poisson distribution and expressed as number of sui-

cides per 100,000 person-years. The effect size was presented as 

hazard ratio (HR) using Cox’s proportional hazards model with a 

robust variance estimator that accounts for clustering within 

matched pairs.30,31 Time zero was set to the date of LC incidence 

for both LC patients and their matched controls. Survival time 

used in analyses was defined as months from time zero to time of 

death or December 31, 2015, whichever came first. Proportional 

hazards assumption was assessed by graphically using log trans-

formation of the negative log of estimated survivor function, 

time-dependent explanatory variables, Schoenfeld residuals, cu-

mulative sums of martingale residuals, and a supremum test. In 

addition to these cause-specific models for competing risks, a 

Fine and Gray sub-distribution hazard model was performed as a 

sensitivity analysis. Sub-group analyses within categorized age 

groups (18–49, 50–64, and 65 years or more), sex, and follow-

up time frames (0–24, 25–60, 61 months or over) were per-

formed. To compare the suicide rate according to severity of cir-

rhosis, the analysis was performed by dividing patients into 

matched cohort, compensated LC, and decompensated LC. More-

over, to additionally perform stratified analysis on patients with 

depression, as a coexisting mental illness, the suicide rate accord-

ing to presence or absence of LC was analyzed by categorizing 

whether anti-depressant was administered. The statistical analy-

ses were conducted using SAS Enterprise Guide version 7.1 (SAS 

Institute, Cary, NC, USA). P-values <0.05 were considered statis-

tically significant.

RESULTS

Flow of analysis and baseline characteristics of 
patients

From January 1, 2002 to December 31, 2015, a total of 10,594 

patients met the inclusion criteria. Among these patients, LC pa-

tients during the washout period of 2002 to 2006 (4,354 pa-

tients) were excluded. During risk-set matching, five LC patients 

were not matched to control subjects and were excluded, and an-

other 331 patients entered into the study as control subjects of 

another LC patient were excluded.

Additionally, 87 LC patients were excluded due to a less than 

Figure 1. Study flow and disposition of the patients. LC, liver cirrhosis.

Systemic stratified random sampling of 1,000,000 people
from a target population of 48,222,537

Patients who meet incident LC inclusion from 2002 to 2015 (n=10,594)

Finally enrolled incident LC patients (n=5,809)

1:2 matched control for incident LC patients (n=11,618)

Patients who did not meet incident LC inclusion criteria (n=989,406)

Excluded patients (n=4,785)

- Patients with incident LC during the washout period of 2002 to 2006 (n=4,354)
- Patients with incident LC did not matched to control subjects on risk-set matching (n=5)
- Patients with incident LC entered into the study as control subjects of another LC patients (n=331)
- Patients with incident LC less than 1:2 matching ratio (n=87)
- Patients with incident LC less than 18 years old (n=8)
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1:2 matching ratio, and eight LC patients younger than 18 years 

were excluded. Finally, 5,809 incident LC patients and their 

11,618 matched controls were analyzed in this study (Fig. 1). The 

mean period of follow-up was 4.20 years, generating 73,261 per-

son years. During follow-up, a total of 61 suicide cases was iden-

tified. Table 1 shows the baseline characteristics of the matched 

cohorts. Mean age was 56.3 years, and 28.6% of the patients 

were female. The highest standardized difference in number of 

outpatient visits was 5.19%.

Suicide risk in LC

Cumulative incidence of suicide during the entire follow-up pe-

riod showed a statistically significant difference between LC and 

matched-control cohort (P=0.002 for stratified log-rank test) (Fig. 

2). The 5-year cumulative incidence risk of suicide was 0.78% 

(95% CI, 0.52–1.13) for the LC cohort and 0.33% (95% CI, 0.22–

0.47) for the matched-control cohort (Table 2). During the entire 

follow-up period, among 5,809 LC patients 30 suicides were 

identified during 20,930 person-years (IR, 143.3 per 100,000 per-

son-years; 95% CI, 100.2–205.1). The LC patients were 2.37 

times more likely to commit suicide than their matched controls 

(HR, 2.37; 95% CI, 1.44–3.88). Moreover, increased suicide risk 

was predominantly observed within the first 2 years of follow-up 

(HR, 2.59; 95% CI, 1.20 –5.60), among patients in the 

18–49-year-old group (HR, 3.72; 95% CI, 1.45–9.56) (Fig. 3).

Subgroup analysis for suicide risk according to 
alcohol use, LC severity, and use of anti-depressant

In subgroup analyses, non-alcoholic LC patients had a 2.04 

times higher suicide risk than the matched cohort (HR, 2.04; 95% 

CI, 1.16–3.58), and alcoholic LC patients had a 3.29 times higher 

suicide risk compared with the matched cohort (HR, 3.29; 95% 

CI, 1.66–6.52). However, when comparing the suicide risk of non-

alcoholic LC patients and alcoholic LC patients, the suicide risk of 

alcoholic LC patients was 1.62 times higher, although there was 

no statistical significance (HR, 1.62; 95% CI, 0.77–3.40; 

P=0.206). Moreover, compensated LC (HR, 2.03; 95% CI, 1.18–

3.49) and decompensated (HR, 4.42; 95% CI, 2.05–9.52) LC pa-

tients were more likely to commit suicide compared to their 

matched controls. Interestingly, as a result of a comparative anal-

ysis of suicide risk between compensated and decompensated LC 

patients, the suicide risk of decompensated LC patients was 2.18 

times higher, although the difference was not significant (HR, 

2.18; 95% CI, 0.96–4.94; P=0.062). Among ever-users of anti-

depressants, increased risk of suicide was observed in LC patients, 

although the association was not significant (HR, 1.97; 95% CI, 

0.55–7.13; P=0.301). Among patients not taking anti-depres-

sants, the risk of suicide in LC patients was significantly 2.44 

times higher compared to that of the matched cohort (HR, 2.44; 

95% CI, 1.42–4.17; P=0.001) (Fig. 4). Results of Fine and Gray 

sub-distribution hazards model were similar to those of the cause-

specific model.

Table 2. Cumulative incidence of suicide according to survival duration 
after LC diagnosis

Time frame
Cumulative incidence (%) of suicide (95% CI)

Liver cirrhosis cohort Matched cohort

1 year 0.17 (0.09–0.32) 0.06 (0.03–0.13)

2 years 0.29 (0.17–0.48) 0.11 (0.06–0.20)

3 years 0.47 (0.29–0.72) 0.18 (0.11–0.29)

4 years 0.68 (0.45–0.99) 0.24 (0.15–0.36)

5 years 0.78 (0.52–1.13) 0.33 (0.22–0.47)

6 years 0.83 (0.56–1.21) 0.39 (0.27–0.56)

7 years* 0.93 (0.61–1.37) 0.42 (0.28–0.60)

8 years* 0.93 (0.61–1.37) 0.42 (0.28–0.60)

9 years* 0.93 (0.61–1.37) 0.42 (0.28–0.60)

Cumulative incidence was calculated by product limit (Kaplan-Meier) 
method of survival probability.
LC, liver cirrhosis; CI, confidence interval.
*There was no suicide event between 82 and 108 months of survival time.

Figure 2. Comparison of cumulative incidence of suicide between inci-
dent liver cirrhosis patients and their risk set-matched controls. P-value 
for stratified log-rank test=0.002.
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DISCUSSION

Patients with various chronic diseases are known to exhibit a 

high rate of suicidal tendencies. For example, according to a na-

tional population-based study conducted in the United Kingdom, 

overall standardized mortality ratio (SMR) was as high as 1.20 

Figure 3. Comparable analysis of suicide rate for the relationship between liver cirrhosis and risk of suicide. CI, confidence interval.

Exposure 
Number 

of 
subjects 

Number 
of 

suicides 

Person 
years 

Incidence rate  
(95% CI) per 100,000 

person years 

Hazard ratio 
(95% CI) 

Full cohort 

Matched cohort 11,618 31 52,331 59.2 (41.7–84.2) 1
Liver cirrhosis cohort 5,809 30 20,930 143.3 (100.2–205.1) 2.37 (1.44–3.88) 

Time from diagnosis 
0–24 months 

Matched cohort 11,618 12 20,707 58.0 (32.9–102.0) 1
Liver cirrhosis cohort 5,809 14 9,148 153.0 (90.6–258.4) 2.59 (1.20–5.60) 

25–60 months 
Matched cohort 9,125 15 21,407 70.1 (42.3–116.2) 1
Liver cirrhosis cohort 3,753 14 8,252 169.7 (100.5–286.5) 2.42 (1.20–4.88) 

61 months or over 
Matched cohort 5,109 4 10,217 39.2 (14.7–104.3) 1
Liver cirrhosis cohort 1,842 2 3,530 56.7 (14.2–226.6) 1.42 (0.26–7.78) 

Sex 
Male 

Matched cohort 8,294 28 37,747 74.2 (51.3–107.4) 1
Liver cirrhosis cohort 4,147 26 14,907 174.4 (118.7–256.3) 2.31 (1.37–3.89) 

Female 
Matched cohort 3,324 3 14,583 20.6 (6.6–63.8) 1
Liver cirrhosis cohort 1,662 4 6,023 66.4 (24.9–177.0) 3.07 (0.67–14.13) 

Age 
18–49 years 

Matched cohort 3,562 7 17,638 39.7 (18.9–83.2) 1
Liver cirrhosis cohort 1,781 11 7,375 149.1 (82.6–269.4) 3.72 (1.45–9.56) 

50–64 years 
Matched cohort 4,906 8 21,819 36.7 (18.3–73.3) 1
Liver cirrhosis cohort 2,453 11 8,980 122.5 (67.8–221.2) 3.24 (1.29–8.13) 

65 years or over 
Matched cohort 3,150 16 12,874 124.3 (76.3–202.5) 1
Liver cirrhosis cohort 1,575 8 4,575 174.9 (87.4–350.0) 1.37 (0.61–3.08) 

 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
             Better   Worse

Figure 4. Subgroup analysis of suicide rate according to alcoholic etiology of LC, compensation of LC, and anti-depressant use. CI, confidence interval; 
LC, liver cirrhosis.

Exposure 
Number 

of 
subjects 

Number 
of 

suicides 

Person 
years 

Incidence rate  
(95% CI) per 100,000 

person years 

Hazard ratio 
(95% CI) 

Full cohort 

Matched cohort 11,618 31 52,331 59.2 (41.7–84.2) 1
Non-alcoholic LC 4,242 19 15,388 123.5 (78.8–193.6) 2.04 (1.16–3.58) 
Alcoholic LC 1,567 11 5,543 198.5 (109.7–359.0) 3.29 (1.66–6.52) 

Full cohort 
Matched cohort 11,618 31 52,331 59.2 (41.7–84.2) 1
Compensated LC 4,867 22 17,988 122.3 (80.5–185.8) 2.03 (1.18–3.49) 
Decompensated LC 942 8 2,942 271.9 (136.1–543.1) 4.42 (2.05–9.52) 

Anti-depressant 
Ever user 

Matched cohort 842 5 3,834 130.4 (54.5–311.9) 1
Liver cirrhosis cohort 421 4 1,513 264.4 (98.9–707.0) 1.97 (0.55–7.13) 

Never user 
Matched cohort 10,776 26 48,496 53.6 (36.5–78.7) 1
Liver cirrhosis cohort 5,388 26 19,417 133.9 (91.2–196.7) 2.44 (1.42–4.17) 

 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
             Better   Worse
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(95% CI, 1.16–1.25) and was highest (2.74; 95% CI, 2.52–2.98) 

within the first 6 months after being diagnosed with cancer.32 In 

addition, a retrospective, population-based study using data from 

the Surveillance, Epidemiology, and End Results program between 

1973 and 2014, reported that the SMR in cancer patients was as 

high as 4.44 (95% CI, 4.33–4.55).2 Moreover, according to a 

study of end-stage renal disease patients in the USA, the overall 

standardized incidence ratio for suicide from 1995 to 2001 was 

1.84 (95% CI, 1.50–2.27) and patients with end-stage renal dis-

ease had an 84% higher suicide rate than the general USA popu-

lation.3 In addition, a study conducted in Taiwan found that pa-

tients with heart failure had a 1.68 times increase in suicide risk 

compared with age-, sex-, and residence area-matched-control 

subjects, with the highest risk being 7-fold in the first 6 months 

after diagnosis of heart failure.4

Therefore, it is necessary to examine suicide risk in patients with 

chronic liver disease. Indeed, almost one in six patients with cir-

rhosis has moderate or higher depression than controls, and near-

ly 50% of these patients have moderate or higher anxiety symp-

toms.33 In patients with liver cancer, the overall SMR for suicide 

was 1.56 (95% CI, 0.84–2.90), which was higher than that of the 

general population, although the difference was not significant.32 

Previous studies have investigated the relationship between liver 

disease and suicide attempt. According to a survey of 43,093 

adults older than 18 years in the USA, lifetime rates of suicide at-

tempts among participants with major depression were higher in 

participants with liver disease (33.2%) compared with those with-

out liver disease (13.7%; odds ratio [OR], 3.1; 95% CI, 1.3–7.6).5 

These findings from a liver disease-specific study are concordant 

with our findings and support the idea that patients with LC are 

at higher risk of suicide. In addition, according to a nationwide 

population-based cohort study in South Korea, the OR for risk of 

suicide in patients diagnosed with alcoholic liver disease during 

their lifetime was 5.62 (95% CI, 4.70–6.72) compared with age- 

and sex-matched non-suicidal living controls, and the adjusted OR 

was 2.39 (95% CI, 1.88–3.04).34 In particular, among patients di-

agnosed with alcoholic liver disease, females had an adjusted OR 

of 10.68 (95% CI, 4.04–28.21), which was significantly higher 

than adjusted OR of 1.94 (95% CI, 1.48–2.54) in males.34 One 

possible mechanism for these findings is related to the preliminary 

finding that chronic liver diseases are associated with depres-

sion.35 Stigmatization of patients with cirrhosis is another possible 

cause. Patients with cirrhosis may experience internalized stigma 

due to their physical disorder, and this may be a significant risk 

factor for suicide.36 No study has been performed to directly in-

vestigate suicide risk in patients newly diagnosed with LC.

South Korea not only exhibits one of the highest suicide rates in 

the world, but also the eighth highest mortality rate from chronic 

liver disease. Chronic liver disease accounted for 13.3% of total 

deaths in 2016, illustrating it as a serious disease in South Ko-

rea.37 Therefore, the Korean population provides the optimal re-

search conditions to analyze the risk of suicide due to chronic liver 

disease, such as LC. Because several physical, psychological, and 

socioeconomic factors play a role in suicide risk, we set an adjust-

ed matched cohort using propensity scores for patients with LC 

and analyzed the data based on these two populations. Our study 

indicates that 30 of 5,809 patients newly diagnosed with LC had 

a potentially preventable death during the observation period. 

Moreover, when we specifically analyzed the characteristics of 

patients who faced higher risk, one of the influencing factors was 

age. The 18–49-year-old age group of patients diagnosed with 

LC exhibited the highest risk of suicide, followed by the 

50–64-year-old age group, and the 65 years and older group. 

This is in contrast to the notion that risk of suicide increases with 

age in the general population. Moreover, according to the results 

of our analyses, the suicide rate was high within 5 years after be-

ing diagnosed with LC, with a particularly high risk in the first  

2 years. Although suicide is difficult to predict, our findings sug-

gest that psychological support is essential for all patients diag-

nosed with LC, especially for those newly diagnosed. Therefore, 

we suggest that screening and psychological support to pre-empt 

suicidal tendencies in patients is necessary immediately after be-

ing diagnosed with LC.

Our study has several strengths. First, use of nationwide insur-

ance claim data allowed a well-represented study. Because the 

study was conducted on the whole population and was not limit-

ed to a specific hospital or organization, the enrolled study sub-

jects can be considered to represent the whole population in an 

unbiased manner. Second, the research question cannot be ad-

dressed without using a nationwide cohort based on insurance 

claim data, because retrospective studies or randomized con-

trolled trials cannot conclude a relationship between suicide and 

LC. Suicide is an unambiguous cause of death that is unlikely to 

be misidentified. Third, patients enrolled in this study were 

tracked using insurance claim data due to the nature of the study, 

so there was no follow-up loss, except in rare cases of immigra-

tion or imprisonment.

There are some inherent limitations to our study. First, based on 

use of insurance claim data, the exact diagnosis of LC may be in-

accurate. In most cases, an extensive diagnosis code was applied 
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to patients’ insurance coverage of medical examination, treatment 

modality, and drug prescription could be added in the course of 

patient care in hospitals or clinics. To overcome these limitations, 

this study used not only the two earliest diagnoses, but also pa-

tients who were admitted more than twice as outpatients and 

more than one for hospitalization. Second, since these study data 

are derived from insurance claim data, clinical information is limit-

ed. An additional limitation is that specific clinical information, 

such as blood test results, was not included. Third, because it is a 

study related to suicide in patients with LC, there is a possibility 

that confounding variables can influence the variables of cirrhosis 

and suicide. In addition, due to lack of information, some impor-

tant variables such as severity of LC were not included in the 

model to calculate propensity score. To overcome these pitfalls, 

we selected and used a 1:2 matched cohort using a propensity 

score. Even so, residual confounding factors could be present af-

ter propensity score matching. Thus, we tried to overcome these 

shortcomings by performing Cox regression analysis considering 

social and economic indicators such as CCI score and income lev-

el. Lastly, since the diagnosis code is masked due to privacy rea-

sons in patients with depression, classification was performed ac-

cording to anti-depressant prescription to evaluate suicide risk. 

However, this could not accurately include all depressed patients, 

as those without anti-depressant description were excluded, even 

if they were admitted to the hospital.

In conclusion, our study found an increased risk of suicide in 

patients with new onset LC, especially during the early period fol-

lowing diagnosis and in relatively younger patients. In addition, 

our study results have several important clinical implications. 

When newly diagnosed with LC, patients worry about the physi-

cal manifestations of the disease and are frustrated that it cannot 

be cured without liver transplantation. Therefore, medical services 

for psychological and social support, in addition to medical ser-

vices for physical problems, are essential for patients diagnosed 

with LC. These measures are needed not only in the initial stage 

following LC diagnosis, but also for at least 2 years after diagnosis 

of LC. There are many ways to address the mental problems of 

these patients. In the study of patients with chronic liver disease, 

an integrated care model created by mental health providers and 

clinicians has been recommended in place of the usual care mod-

el. In particular, active care from experts and psychological inter-

vention is necessary to alleviate suicide risk due to societal and 

self-stigmatization of physical health issues of patients with cir-

rhosis. Through the integrated care model, specific risk factors 

were identified during screening, treatment methods were sug-

gested, and results were suggested to promote clinical and psy-

chiatric improvements through regular follow-up observations. 

Currently, the Metropolitan Mental Health Center and the Metro-

politan Suicide Prevention Center are in operation in South Korea; 

however, there is no specialized institution for patients with cir-

rhosis. Therefore, a support system including a hepatologist, psy-

chologist, and mental health provider could result in better man-

agement of patients with cirrhosis.
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INTRODUCTION

Chronic hepatitis B (CHB) can lead to a range of diseases from 

asymptomatic status to the development of liver cirrhosis or hepa-

tocellular carcinoma (HCC). Elevated serum levels of hepatitis B 

virus (HBV)-DNA are associated with an increased risk of this 

spectrum of diseases.1-4 Long-term suppression of HBV-DNA using 

potent nucleos(t)ide analogues (NA) with high genetic barriers is 

required to reduce the risk of disease progression in CHB patients 

who are in the hepatitis B e-antigen (HBeAg)-positive or HBeAg-

negative immune-active (IA)-phase.5-9

Chronic HBV infection has been divided into several phases, in-

cluding immune-tolerant (IT)-phase, immune inactive (IIA)-phase, 

and an IA-phase, which requires antiviral therapy (AVT).5,10,11 Of 

these, the IT-phase, also known as HBeAg-positive chronic HBV 

infection, is characterized by the presence of HBeAg, high levels 

Background/Aims: The immune-tolerant (IT) phase of chronic hepatitis B (CHB) patients is not generally indicative 
of antiviral therapy (AVT). We assessed and compared the risk of hepatocellular carcinoma (HCC) during the IT-phase 
stringently defined by a low fibrosis-4 (FIB-4) index, compared to that in patients undergoing AVT.
Methods: Among 125 untreated patients that were hepatitis B e-antigen positive, hepatitis B virus-DNA >20,000 IU/mL, 
with normal alanine aminotransferase level from 2012 to 2018, those with a FIB-4 index of <1.45 were classified into the 
IT-group. The cumulative probability of HCC was estimated using Kaplan-Meier analysis. All patients were assessed until 
HCC development (intention-to-treat [ITT] analysis), whereas those suspected of experiencing CHB phase switch were 
assessed using the per-protocol (PP) and censored at the time of phase switch.
Results: The cumulative probability of HCC at 1-, 3-, and 5-years among the IT-group was zero, compared to AVT-treated 
patients with FIB-4 indices <1.45 during the same period: 0.2%, 0.6%, and 1.4%, respectively (P=0.264 for ITT and 
P=0.533 for PP). Among the initially screened 125 untreated patients, those with a FIB-4 index of ≥1.45 had a higher risk 
of HCC compared to the IT-group (P=0.005). Furthermore, among AVT-treated patients, those with a FIB-4 index of ≥1.45 
had a higher risk of HCC compared to their counterpart (P<0.001).
Conclusions: The risk of HCC was negligible in the IT-group stringently defined by a low FIB-4 index. However, given that 
a higher HCC risk exists among untreated patients with higher FIB-4, appropriate criteria for AVT should be established. 
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of HBV-DNA (>106–107 IU/mL), a normal range of alanine amino-

transferase (ALT) levels, and minimal or no necroinflammation. 

Thus, in spite of the high viral load, AVT is not generally recom-

mended for patients with IT-phase due to the low risk of disease 

progression and HCC development.5,10-12

However, several studies have suggested the possibility of im-

mune responses for patients with IT-phase, proposing the risk of 

hepatocarcinogenesis.2,13-16 The high level of HBV-DNA integration 

and clonal hepatocyte expansion observed during the IT-phase 

demonstrated that it may be an early stage in which high replica-

tive and low inflammatory activities occur, suggesting HCC risk 

and disease progression.13 In addition, a recent study by Kim et 

al.17 suggested that earlier AVT might be required for a certain 

proportion of patients with IT-phase, based on the results that the 

untreated patients with IT-phase that lasted for at least 1 year 

showed an increased risk of HCC, and mortality or liver transplan-

tation, compared with patients treated using AVT. However, in 

this study, patients that had IT-phase for 1-year, were selected re-

gardless of the phase afterwards, which might result in the het-

erogeneity of the population with IT-phase. Therefore, it has not 

been fully confirmed whether the long-term outcomes of patients 

with IT-phase are unfavorable.12,18,19 Furthermore, a recent multi-

center study reported contradictory results that the risk of HCC 

development is extremely low in patients with CHB in IT-phase.20

Thus, we aimed to compare the risk between patients develop-

ing HCC in the IT-phase and those undergoing AVT through inten-

tion-to-treat (ITT) and per-protocol (PP) analyses. In addition, we 

investigated whether the HCC development could differ depend-

ing on the fibrosis-4 (FIB-4) index, an indicative marker of poten-

tial liver damage and fibrosis, among both untreated patients 

with IT-phase and those undergoing AVT for chronic HBV infec-

tion.

MATERIALS AND METHODS

Patient’s eligibility

For the current study, consecutive CHB patients were recruited 

from 2012 to 2018. Infection was considered as CHB for patients 

who tested positive for the hepatitis B s antigen for more than  

6 months.5,11 Among untreated patients with positive HBeAg, 

HBV-DNA levels were >20,000 IU/mL with normal ALT levels (un-

treated patients belonging to the IT-phase),5,10,11 we defined a 

subgroup with an FIB-4 index of <1.45 as belonging to IT-phase 

(IT-group),21 considering their minimal fibrotic burden and excel-

lent prognosis. ALT levels of <40 IU/L were defined as normal ac-

cording to clinical guidelines developed by the Korean Association 

for the Study of the Liver (KASL).5,11 Patients undergoing AVT in-

cluded those who had already received AVT during enrollment or 

those who had begun AVT within three months according to the 

treatment guidelines developed by KASL,11 and the reimbursement 

guidelines of the national health insurance program of the Repub-

lic of Korea. Likewise, among patients undergoing AVT, we de-

fined a subgroup with a FIB-4 index of <1.45 as the AVT-group.

Exclusion criteria included the following: 1) untreated minimal 

active status or IIA-phase;22,23 2) negative for hepatitis e-antigen; 

3) liver cirrhosis; 4) co-infection with hepatitis C virus; 5) prior his-

tory of decompensation, HCC, or liver transplantation; 6) signifi-

cant alcohol consumption (daily intake of more than 60 g of alco-

hol in men and 20 g of alcohol in women);24,25 7) development of 

HCC within 6 months after enrollment; and 8) follow-up duration 

of <12 months (Supplementary Fig. 1). Cirrhosis was defined as 

the presence of a coarse liver echo texture or nodular liver surface 

on sonography. Fatty liver was also diagnosed using sonography. 

FIB-4 index was calculated using the following formula: [age 

(years) × aspartate aminotransferase (AST; IU/L)] / [platelet (109/L) 

× ALT (IU/L)1/2]. Among the cutoff values suggested in previous 

studies, we used 1.45 as the cutoff for FIB-4 index.21,26

The study protocol was in accordance with the ethics guidelines 

of the 1975 Declaration of Helsinki and the study was approved 

by the Institutional Review Board of Severance Hospital. Informed 

consent from patients was waived due to the retrospective nature 

of this cohort study.

CHB phase switch among patients with IT-phase 

Although the majority of the IT-group were expected to main-

tain a virological phase during the course of the study period, a 

phase switch from IT-phase into IA-phase requiring AVT, IIA-

phase, or minimally active CHB phase might have been experi-

enced. A phase switch was confirmed when the pre-switch phase 

lasted for at least 6 months. HCC development was monitored us-

ing ITT analysis, whereas PP analysis was used for patients who 

experienced a phase switch and were censored at the time of 

phase switch during the follow-up period.

Follow-up assessments and the primary end-point

Patients received regular assessments of serum aminotransfer-
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ase, serologic markers (e.g., HBeAg and anti-HBe), HBV-DNA lev-

els, alpha-fetoprotein, and sonography every 3–6 months.11 The 

follow-up periods for each patient were calculated from the date 

of enrollment to the date of developing HCC, and mortality.

The cumulative probabilities of HCC and Cox proportional haz-

ard ratio were calculated during the follow-up period. The diag-

nosis of HCC was based on typical features of nodules (>1 cm) 

with arterial enhancement and a portal/delayed phase washout 

through dynamic computed tomography and/or magnetic reso-

nance images, as well as elevated tumor marker, and/or histologi-

cal examination.11

Statistical analysis

Baseline characteristics are expressed as the median (interquar-

tile range [IQR]) or number (%) as appropriate. The Mann-Whit-

ney test or chi-squared test (Fisher’s exact test) was used to com-

pare characteristics between two groups. In addition, the Cox 

proportional hazard model was used for uni- and multivariate 

analyses.

Cumulative probabilities of HCC development were estimated 

using the Kaplan-Meier method. A value of P<0.05 was an indi-

cation of statistical significance. Multivariate analysis was per-

formed using variables with a P-value of <0.1 in univariate analysis. 

Data was analyzed using the statistical package for the social sci-

ences (SPSS) ver. 25.0 for Windows (IBM Corp., Armonk, NY, USA).

RESULTS

Baseline characteristics of the entire study 
population

Based on enrollment criteria, a total of 2,149 patients were fi-

nally analyzed. The baseline characteristics of the study popula-

tion are summarized in Table 1. The median age of the entire 

study population was 46.7 (IQR, 36.2–55.6) years and 887 

(41.3%) of the patients were male. When initially screened, 125 

(5.8%) untreated patients with positive HBeAg, HBV-DNA levels 

of >20,000 IU/mL with normal ALT levels (untreated patients be-

longing to the IT-phase), were compared with 2,024 (94.2%) pa-

tients undergoing AVT. The former was significantly younger (me-

dian 38.6 vs. 47.2 years; P<0.05) and more likely to be male than 

the latter (61.6% vs. 40.0%; P<0.05). The proportion of diabetes 

Table 1. Baseline characteristics in entire cohort

Variable
Entire group 

(n=2,149)
Untreated patients belonging 
to the IT-phase (n=125, 5.8%)

Patients undergoing 
AVT (n=2,024, 94.2%)

P-value

Demographic variable

Age (years) 46.7 (36.2–55.6) 38.6 (28.1–50.7) 47.2 (37.0–55.8) <0.001

Male gender 887 (41.3) 77 (61.6) 810 (40.0) <0.001

Fatty liver 295 (13.7) 16 (12.8) 279 (13.8) 0.756

Diabetes mellitus 268 (12.5) 7 (5.6) 261 (12.9) 0.017

Hypertension 413 (19.2) 18 (14.4) 395 (19.5) 0.159

Laboratory variables

Platelet counts (109/L) 195 (153–241) 210 (179–262) 193 (151–240) 0.029

Total bilirubin (mg/dL) 0.7 (0.5–1.0) 0.7 (0.5–0.9) 0.7 (0.5–1.0) <0.01

Serum albumin (g/L) 4.3 (3.9–4.5) 4.4 (4.1–4.6) 4.2 (3.9–4.5) <0.001

Aspartate aminotransferase (IU/L) 40 (22–88) 23 (19–27) 44 (23–91) <0.001

Alanine aminotransferase (IU/L) 46 (22–118) 23 (19–31) 53 (22–127) <0.001

Serum creatinine (mg/dL) 0.82 (0.69–0.97) 0.82 (0.68–0.96) 0.82 (0.69–0.97) 0.632

Alpha-fetoprotein (ng/mL) 3.46 (2.19–7.72) 1.88 (1.38–3.60) 3.56 (2.30–8.19) 0.280

HBV-DNA (log IU/mL) 5.43 (2.46–7.83) 8.04 (7.82–8.04) 5.10 (2.23–7.53) <0.001

Fibrosis-4 index 1.49 (0.88–2.56) 0.84 (0.57–1.39) 1.53 (0.91–2.62) <0.001

Values are presented as median (interquartile range) or number (%).
IT, immune-tolerant; AVT, antiviral therapy; HBV, hepatitis B virus.
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Table 2. Baseline characteristics and comparison between patients with IT-phase and those undergoing AVT stringently defined by FIB-4 <1.45

Variable
Fibrosis-4 <1.45 

(n=1,019)
IT-group  

(n=91, 8.9%)
AVT-group  

(n=928, 91.1%)
P-value

Demographic variables

Age (years) 40.8 (32.1–49.8) 34.4 (27.4–44.7) 41.1 (32.4–50.1) <0.001

Male gender 650 (63.8) 37 (40.7) 613 (66.1) <0.001

Fatty liver 169 (16.6) 13 (14.3) 156 (16.8) 0.537

Diabetes mellitus 97 (9.5) 3 (3.3) 94 (10.1) 0.034

Hypertension 152 (14.9) 8 (8.8) 144 (15.5) 0.086

Laboratory variables

Platelet counts (109/L) 231 (198–274) 229 (200–270) 232 (198–275) 0.289

Total bilirubin (mg/dL) 0.7 (0.5–0.9) 0.7 (0.5–0.9) 0.7 (0.5–0.9) 0.279

Serum albumin (g/L) 4.4 (4.1–4.6) 4.5 (4.1–4.7) 4.4 (4.1–4.6) 0.035

Aspartate aminotransferase (IU/L) 25 (19–44) 21 (19–25) 26 (19–47) <0.001

Alanine aminotransferase (IU/L) 31 (18–80) 23 (18–31) 33 (18–84) <0.001

Serum creatinine (mg/dL) 0.84 (0.70–0.98) 0.80 (0.68–0.94) 0.85 (0.70–0.99) 0.460

Alpha-fetoprotein (ng/mL) 2.53 (1.87–3.95) 1.80 (1.27–2.95) 2.59 (1.93–4.03) 0.253

HBV-DNA (log IU/mL) 4.64 (1.83–7.90) 8.04 (7.87–8.04) 3.95 (1.63–7.25) <0.001

FIB-4 index 0.87 (0.63–1.10) 0.71 (0.47–1.02) 0.88 (0.64–1.11) <0.001

Values are presented as median (interquartile range) or number (%).
IT, immune-tolerant; AVT, antiviral therapy; FIB-4, fibrosis-4; HBV, hepatitis B virus.

Table 3. Independent predictors of HCC in subgroup with FIB-4 <1.45 (n=1,019)

Variable
Univariate Multivariate

P-value HR 95% CI P-value

Demographic variables

Age (years) 0.019 1.071 1.005–1.142 0.034

Male gender 0.285 - - -

Fatty liver 0.329 - - -

Diabetes mellitus 0.912 - - -

Hypertension 0.634 - - -

Laboratory variables - - -

Platelet counts (109/L) 0.819 - - -

Total bilirubin (mg/dL) 0.709 - - -

Serum albumin (g/L) 0.053 0.613 0.191–1.968 0.410

Aspartate aminotransferase (IU/L) 0.316 - - -

Alanine aminotransferase (IU/L) 0.118 - - -

Serum creatinine (mg/dL) 0.067 1.142 0.944–1.382 0.172

Alpha-fetoprotein (ng/mL) 0.959 - - -

HBV-DNA (log IU/mL) 0.319 - - -

AVT-group vs. IT-group 0.471 - - -

HCC, hepatocellular carcinoma; FIB-4, fibrosis-4; HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; AVT, antiviral therapy; IT, immune-tolerant.
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mellitus was significantly lower in untreated patients belonging to 

IT-phase than those undergoing AVT (5.6% vs. 12.9%; P<0.001). 

In addition, the untreated patients belonging to the IT-phase had 

significantly higher platelet counts (median, 210 vs. 193 ×109/L), 

higher serum albumin level (median, 4.4 vs. 4.2 g/L), lower AST 

(median, 23 vs. 44 IU/L) and ALT levels (median, 23 vs. 53 IU/L), 

and higher HBV-DNA level (median, 8.04 vs. 5.10 log IU/mL) than 

the patients undergoing AVT (all P<0.05).

Among untreated patients belonging to the IT-phase, 63.2% of 

patients who were in the IT-phase at enrollment experienced a 

phase switch into the IA-phase during the follow-up period. The 

median follow-up period of the entire study population was 59.4 

months (IQR, 30.9–93.0) (86.7 [IQR, 55.8–11.07] in untreated 

patients belonging to the IT-phase and 57.8 [IQR, 30.3–91.3] in 

patients undergoing AVT, respectively).

Baseline characteristics of the subgroups with FIB-4 
<1.45

Among untreated patients belonging to the IT-phase and those 

undergoing AVT, we identified the IT-group and AVT-group using 

FIB-4 index <1.45. We also compared the baseline characteristics 

of the IT-group and AVT-group including, age, gender, the pres-

ence of diabetes mellitus, serum albumin, AST, ALT, and HBV-

DNA level which were significantly different between the IT-group 

and the AVT-group (P<0.05) (Table 2).

Figure 1. Cumulative probability of HCC for the IT-group and AVT-group. (A) ITT analysis and (B) PP analysis. HCC, hepatocellular carcinoma; AVT, anti-
viral therapy; IT, immune-tolerant; ITT, intention-to-treat; PP, per-protocol.
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Figure 2. Cumulative probability of HCC according to FIB-4 scores for 
untreated patients belonging to IT-phase. HCC, hepatocellular carcino-
ma; FIB-4, fibrosis-4; IT, immune-tolerant.
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Figure 3. Cumulative probability of HCC according to FIB-4 scores for 
patients undergoing AVT. HCC, hepatocellular carcinoma; FIB-4, fibro-
sis-4; AVT, antiviral therapy.
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Independent predictors of HCC in patients with FIB-
4 <1.45

Univariate analysis indicated that older age significantly affect-

ed HCC development (P=0.019). However, overall the AVT-group 

(vs. IT-group) were not significantly associated with the risk of 

HCC development (P=0.471). Multivariate using these variables, 

showed that older age was a significantly independent predictor 

of HCC (Table 3). By contrast, another multivariate analysis 

showed age, male gender, the presence of diabetes mellitus, low 

platelet counts, and low albumin level as independent predictors 

of HCC development in the subgroup with FIB-4 >1.45 (Supple-

mentary Table 1).

Cumulative probabilities of HCC

According to ITT and PP analysis, the cumulative probability of 

HCC at 1-, 3-, and 5-years were 0.2%, 0.6%, and 1.4% in the 

AVT-group, respectively, whereas the cumulative probability of 

HCC was zero in IT-group at the respective years. However, the 

cumulative probability for HCC development was not statistically 

different between the IT-group and AVT-group ITT and PP analy-

sis (P>0.05) (Fig. 1).

Among the untreated patients belonging to the the IT-phase, 

the cumulative probability of HCC in those with FIB-4 ≥1.45 were 

significantly higher than those with FIB-4 <1.45 (P=0.005) (Fig. 2). 

In these patients, the cumulative probability of HCC was zero for 

the subgroup with FIB-4 <1.45, whereas, 0.0% at 1-year, 6.0% 

at 3 years, and 6.0% at 5 years was recorded for patients with 

FIB-4 ≥1.45, respectively.

Among patients undergoing AVT, the subgroup with FIB-4 

≥1.45 were at a significantly higher risk of HCC compared to 

those with FIB-4 <1.45 (P<0.001) (Fig. 3). We presented the cu-

mulative probabilities of the following three groups in Supplemen-

tary Figure 2; IT-group (n=91), AVT-group (n=928) (stringently 

defined by a low FIB-4 index), and patients undergoing AVT with 

high FIB-4 (n=1,052) (overall P<0.001). In addition, the cumula-

tive probabilities of HCC development were not significantly dif-

ferent, when we further categorized the subjects into three 

groups according to their HBV-DNA levels; patients with HBV-

DNA level of <20,000 IU/mL, 20,000–10,000,000 IU/mL, and 

>10,000,000 IU/mL (overall P=0.852) (Supplementary Fig. 3).

Distribution of FIB-4 scores in untreated patients 
belonging to the IT-phase and those underoing AVT

Among the untreated patients belonging to the IT-phase, the 

patients with HCC development showed a higher distribution of 

FIB-4 scores than those without HCC development (P=0.195)  

(Fig. 4A). Furthermore, among the patients undergoing AVT, pa-

tients with HCC development had a significantly higher distribu-

tion of FIB-4 scores than those without HCC development 

(P=0.003) (Fig. 4B).

DISCUSSION

According to the American Association for the Study of Liver 

Diseases (AASLD), the European Association for the Study of the 

Liver, or KASL guidelines, the IT-phase is indicated by presence of 

serum HBeAg, elevated HBV-DNA levels (typically >1 milion IU/mL),  

normal ALT level (<30–40 IU/L for males and <19–40 IU/mL for 

females), and/or biopsies without signs of inflammation or fibro-

sis.5,10,11 All these guidelines advise against starting AVT for pa-

Figure 4. Distribution of FIB-4 score depending on HCC development among patients belonging to the IT-phase (A) and those undergoing AVT (B). 
FIB-4, fibrosis-4; HCC, hepatocellular carcinoma; IT, immune-tolerant; AVT, antiviral therapy.
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tients in the IT-phase of CHB.

A recent study insisted that earlier AVT intervention may reduce 

the risk of liver fibrosis and disease progression in patients in the 

IT-phase based on the findings of higher incidences of liver-relat-

ed events in untreated patients when compared to patients un-

dergoing AVT.13,17,27 In contrast, another large multicenter study 

showed that CHB patients in the IT-phase had an extremely low 

incidence of HCC development, even though patients experienced 

phase switchs that may have potentiallly increased the risk of HCC 

development during the long-term.20 Furthermore, a clinical trial 

where tenofovir disoproxil fumarate (TDF) and TDF plus emtric-

itabine was administed to patients for 4 years showed a high rate 

of relapse after NA cessation in patients in the IT-phase, and their 

natural history, such as their HBeAg seroconversion rates, did not 

change.28 That is, there were still unresolved issues such as a po-

tential harm, medical cost, and long-term safety of drug uses, as 

well as a lack of evidence indicating that AVT in patients in the IT-

phase is beneficial in reducing rates of liver-related events.

In our study, after excluding the patients with cirrhosis or a FIB-

4 score of ≥1.45 (a high risk of liver-related events), the cumula-

tive probability of HCC development in the IT-group was lower 

than that of the AVT-group, but the difference was not statistical-

ly significant. These findings suggest that early AVT intervention 

to prevent disease progression should be carefully weighed for 

untreated patients usually referred as IT-phase without significant 

fibrosis, because the clinical evidence of liver disease progression 

can not be established in these patients. Furthermore, early AVT 

intervention might raise challenges such as the socioeconomic 

burden and unintended risks of adverse influences of AVT such as 

bone loss or renal insufficiencies.29 In addition, we identified the 

low risk of HCC development in patients undergoing AVT without 

significant liver fibrosis, which is supported by recent studies.30

Our study had several advantages that strengthen its clinical 

implications. First, our study focused on long-term prognosis dur-

ing the period of IT-phase. The cumulative probability of HCC de-

velopment had no significant difference between the IT-group 

and AVT-group, irrespective of ITT or PP analysis. The conflicting 

results from a previous study17 showed favorable clinical outcomes 

for patients undergoing AVT compared to untreated CHB patients. 

Therefore, it would be premature to affirm a high risk of disease 

progression and the need for early AVT intervention in patients 

with IT-phase.

Second, in the comparison of subgroups according to the FIB-4 

index, no one experienced HCC development in the IT-group, 

whereas three patients developed HCC in the FIB-4 ≥1.45 among 

untreated patients belonging to the IT-phase. This result indicates 

that if patients have a higher fibrotic burden, even though pa-

tients are expected to have a low risk of necroinflammation, the 

risk of HCC development might be increased. However, it is diffi-

cult to determine whether inflammation or fibrosis in the liver in-

dicates potent disease progression.17 Persistently normal ALT lev-

els which are required to determine the IT-phase are not always 

consistent with signs of fibrosis or inflammation.2,14,31 Thus, when 

we are uncertain if patients in the IT-phase require treatment or 

not. However, other assessments for fibrosis, such as the FIB-4 

score or pathology tests may allow for detection of advanced fi-

brosis for early AVT intervention.5,10 It is thus not confirmed 

whether AVT should be started at the time of phase switch or 

whether AVT should be considered earlier for patients who are 

anticipated to experience a phase switch or disease progression. 

In addition, future studies should focus on establishing the criteria 

for selecting the optimal candidates for early AVT intervention 

among untreated patients belonging to IT-phase.

Thirdly, our study had a relatively long-term follow-up period 

(median, 59.4; IQR, 30.9–93.0 months). This might have in-

creased the statistical influence of our study and enabled us to in-

vestigate and compare long-term outcomes of patients with IT-

phase to that of patients undergoing AVT. However, because the 

sample size of the untreated patients belonging to the IT-phase 

was small, a large multicenter study is warranted to validate our 

results.

We are also aware of several limitations in our study. First, be-

cause no histological information was available, there is a possi-

bility that some patients with significant fibrosis or inflammation 

might have been incorporated with the untreated patients be-

longing to the IT-phase in our study. Despite this pitfall, after ex-

cluding patients with a higher fibrotic burden, there was no evi-

dence of HCC development in the IT-group during follow-up 

period. Thus, if patients with little fibrosis were selected, a more 

favorable long-term prognosis would have been anticipated, 

which might support our results.

Secondly, we selected untreated patients who had various 

ranges from very high levels of HBV-DNA to ≥20,000 IU/mL  

according to guidelines.5,10,11 It is known that levels of >6–8 log 

IU/mL of HBV-DNA are considered a lower risk of HCC, while lev-

els of HBV-DNA above 20,000 IU/mL might suggest a higher risk 

of HCC.32 In our study, we used the cutoff value of 20,000 IU/mL 

to categorize groups. Nevertheless, the risks of HCC development 

was not significantly different between the IT-group and AVT-

group. Thus, it is hypothesized that if we used higher HBV-DNA 
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levels as the cutoff value to define the IT-phase, the long-term 

prognosis of patients with IT-phase would become favorable. 

Therefore, further large-scale studies are required to determine 

the association between viral titer concentrations and the risks of 

liver-related events.

Third, similar to HBV-DNA levels, we used 40 IU/L as the ALT 

cutoff value to define the IT-phase for patients. However, the 

overall similar results were maintained when we used cutoff val-

ues defined by AASLD (<30 IU/L for men and <19 IU/L for wom-

en) and KASL (<34 IU/L for men and <30 IU/L for women), re-

spectively (data not shown). Because serum levels of ALT and 

necroinflammatory activity of liver disease are not always associ-

ated,2,14 some patients requiring AVT might have been incorporat-

ed into IT-group.33 This issue signifies that another surrogate fac-

tor other than 40 IU/L to define the IT-phase is required in real 

practice.

In conclusion, our study showed that after excluding patients 

with an FIB-4 score of ≥1.45, the risk of HCC development was 

not significantly different between the IT-group and AVT-group. 

However, there were no events of HCC in the IT-group stringently 

defined by a lower FIB-4 index. Thus, early AVT intervention 

should be cautiously considered for this group, especially if pa-

tients have been expected of a low fibrotic burden. However, in 

the absence of solid criteria to signify an IT-phase in patients 

without histology, the optimal criteria required to select an appro-

priate candidate for early AVT intervention for patients with IT-

phase who would be at increasing risk of HCC should be investi-

gated in further large-scale, well-designed studies.
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INTRODUCTION

The histological and cytological examination of liver tissues is 

crucial for the diagnosis of diffuse and focal hepatic lesions on im-

ages.1 The liver biopsy is not only an important tool to correctly 

diagnose focal liver lesions, but also provide molecular informa-

tion to guide treatment plans and future studies in hepatocellular 

carcinoma (HCC) and metastatic cancers.2 Currently, there are 

three major methods for percutaneous tissue sampling and subse-

quent examination, namely core needle biopsy (CNB), fine needle 

aspiration cytology (FNAC), and touch imprint cytology (TIC). The 

CNB is usually conducted with a 16-gauge core needle and is ex-

pected to obtain sufficient tissue. However, the risk of severe 

complication including intraperitoneal bleeding or needle tract 

seeding of malignancy is the major concern.3 FNAC and TIC pro-

vide the choice of rapid on-site examination (ROSE), which may 

be helpful for guidance of clinical practice at the time of sam-

pling.4 The FNAC is considered to be safer and less costly than 

CNB because it is usually performed with a 22-gauge fine needle. 

The drawbacks of the cytological examination include the lack of 

detailed diagnostic information regarding the tissue architectures. 

Although TIC does not cause additional risk, it may deplete cellu-

larity and DNA of the obtained CNB specimens.5

Several studies comparing the CNB and FNAC in multiple or-

gans including liver have generated conflicting and inconclusive 

results.6 Some recent studies suggested that the accuracy of the 

two methods are comparable, and the FNAC might provide higher 

sensitivity in metastatic liver mass.7 Another study concluded the 

specimen from fine needle aspiration is accurate and produces 

higher tumor fraction for molecular studies than that from CNB.8 

However, most of prior studies focused on the pathologic diagno-

sis and findings. Little information was provided regarding the 

clinical and procedural conditions, such as the tumor size, echo-

genicity and the depth from the insertion site to the tumor mar-

gin. In addition, there is no established consensus or criteria for 

guidance of technique selection.

Background/Aims: The core needle biopsy (CNB), fine needle aspiration cytology (FNAC) and touch imprint cytology 
(TIC) are commonly used tools for the diagnosis of hepatic malignancies. However, little is known about the benefits 
and criteria for selecting appropriate technique among them in clinical practice. We aimed to compare the sensitivity of 
ultrasound-guided CNB, FNAC, TIC as well as combinations for the diagnosis of hepatic malignancies, and to determine 
the factors associated with better sensitivity in each technique.
Methods: From January 2018 to December 2019, a total of 634 consecutive patients who received ultrasound-guided 
liver biopsies at the National Taiwan University Hospital was collected, of whom 235 with confirmed malignant hepatic 
lesions receiving CNB, FNAC and TIC simultaneously were enrolled for analysis. The clinical and procedural data were 
compared.
Results: The sensitivity of CNB, FNAC and TIC for the diagnosis of malignant hepatic lesions were 93.6%, 71.9%, and 
85.1%, respectively. Add-on use of FNAC or TIC to CNB provided additional sensitivity of 2.1% and 0.4%, respectively. 
FNAC exhibited a significantly higher diagnostic rate in the metastatic cancers (P=0.011), hyperechoic lesions on 
ultrasound (P=0.028), and those with depth less than 4.5 cm from the site of needle insertion (P=0.036).
Conclusions: The sensitivity of CNB is superior to that of FNAC and TIC for the diagnosis of hepatic malignancies. 
Nevertheless, for shallow (depth <4.5 cm) and hyperechoic lesions not typical for primary liver cancers, FNAC alone 
provides excellent sensitivity. (Clin Mol Hepatol 2021;27:305-312)
Keywords: Biopsy; Cytology; Liver cancer; Histology; Ultrasonography

Study Highlights
• The CNB, FNAC, and TIC are commonly used tools for the diagnosis of hepatic malignancies. The direct comparison of these three techniques in 

the same patients was presented for the first time.
• In patients receiving these three techniques simultaneously, the sensitivity of CNB was superior to that of FNAC and TIC. The addition of FNAC to 

CNB increased the sensitivity by only 2.1%.
• However, in selected patients with metastatic, shallow and hyperechoic lesions, FNAC alone provided excellent sensitivity.
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In this study, we performed a direct comparison between CNB, 

FNAC as well as TIC in hepatic malignancies receiving real-time 

ultrasound-guided biopsies, and determined the clinical factors 

associated with better sensitivity in each method.

MATERIALS AND METHODS 

Patients and procedures

From January 2018 to December 2019, a total of 634 consecu-

tive percutaneous ultrasound-guided liver biopsies at the National 

Taiwan University Hospital were collected. Of these patients, 235 

with ultrasound-detectable malignant lesions receiving CNB, 

FNAC and TIC simultaneously were included for analysis. The 

flowchart of patient selection is shown in Figure 1. The sampling 

of the hepatic lesions of interest was guided by the real-time ul-

trasonography (Aplio 500; Toshiba Medical Systems Corporation, 

Tochigi, Japan) with linear (PLT-308P; Toshiba Medical Systems 

Corporation) or convex (PVT-350BTP; Toshiba Medical Systems 

Corporation) transducers. All patients received local anesthesia 

prior to the protocolized procedures, which included a FNAC with 

4–6 axial movements inside the lesion by a 22-gauge needle con-

nected to a 20-mL syringe, followed by the CNB with a spring-

loaded 16-gauge needle, and then the TIC via gently touching the 

obtained tissue on two slides. The samples from fine needle aspi-

ration were released onto two slides equally and then covered by 

the other two slides, followed by gently and quickly pulling each 

pair apart. The smears were prepared by both air-drying for Liu’s 

stain and 95% ethanol wet fixation for Papanicolaou stain in ev-

ery FNAC (four slides) and TIC (two slides). In patients with multi-

ple hepatic tumors, the choice of targeted lesion was based on 

the combination of the location, size, depth, nearby vessels or or-

gans to achieve maximal safety and yield as possible. The conduc-

tion of all the procedures was led by well-experienced interven-

tional hepatologists with more than 100 cases performed per 

year. The samples of biopsy and cytology were examined by the 

certified pathologists and cytopathologists separately. ROSE was 

not the routine practice for liver biopsies in our hospital. Cell 

blocks were not performed for the cytology specimens. All pa-

tients gave written Informed consents for the invasive interven-

tion. The study was approved by the Institutional Review Board of 

National Taiwan University Hospital (202006053RINA) and con-

formed to the ethical guidelines of the 1975 Declaration of Helsin-

ki. The informed consent for the study was waived because it was 

a retrospective study involving review of medical record only.

Data collection

The clinical and procedural information was collected by retro-

Figure 1. Flowchart of patient selection. CNB, core needle biopsy; FNAC, fine needle aspiration cytology; TIC, touch imprint cytology.

634 percutaneous ultrasound-
guided liver biopsies at the National  

Taiwan Univeristy Hospital from  
January 2018 to December 2019

484 cases with ultrasound-
detectable hepatic lesions

receiving biopsy

297 cases with concurrent CNS,
FNAC and TIC simultaneously

150 cases without ultrasound-
detectable lesion (random biopsy)

187 cases received only one or two
sampling techniques

(182 CNB+TIC, 4 CNB alone,  
1 CNB+FNAC)

62 cases with the final diagnosis of
non-malignant lesions

235 cases with the final diagnosis
of malignancy

Excluded

Excluded

Excluded
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spective review of the medical records and images. A standard-

ized record form was used. The clinical information including age, 

gender and the final diagnosis for the patients was recorded. The 

procedural information was composed of tumor location, size, 

number, echogenicity as well as the depth from the skin site of 

needle insertion to the margin of the targeted tumors. In this 

study, the histopathological diagnosis of malignancy from the 

CNB specimens was defined as the gold standard. The results of 

cytological examination were considered as non-diagnostic in ma-

lignant lesions if it showed negative for malignant cell, inadequate 

specimen or atypia of undetermined significance. If the CNB did 

not provide the diagnosis of malignancy, either due to inadequate 

specimens or inaccurate sampling, the final diagnosis was based 

on subsequent surgical specimens, repeated biopsy, or overall 

clinical evaluation of images and data from the medical records.

Statistical analysis

The categorical data was compared by chi-squared and two-

tailed Fisher’s exact tests. The continuous variables were exam-

ined by two-sample t-test. The procedural factors, namely tumor 

location, size, number, echogenicity as well as the depth from the 

skin site of needle insertion to the margin of the targeted tumors, 

were comprehensively included in a logistic regression analysis to 

determine the association with the sensitivity of FNAC. Factors 

with P<0.1 in the univariate analyses were used in a multivariate 

logistic regression model. A two-tailed P<0.05 was considered 

statistically significant. The statistical analyses were conducted by 

PASW Statistics for Windows, version 18.0 (SPSS Inc., Chicago, IL, 

USA).

RESULTS

Demographics and characteristics

A total of 235 patients including 148 men and 87 women were 

enrolled in the study. The mean age was 65.7 years (ranging from 

30 to 94 years). Among them, 144 cases were finally diagnosed 

as primary liver cancers (including 97 HCC, 41 cholangiocarcino-

ma, three hepatic angiosarcoma, one hepatocholangiocarcinoma, 

one hepatic malignant spindle cell carcinoma, and one mucinous 

cystadenocarcinoma), while the other 91 cases were metastatic 

cancers. A total of 135 cases had single and 100 cases had multi-

ple lesions. The majority of the lesions was located at right lobe 

(193 of 235). The mean size and depth of the lesions were 4.7 cm 

and 4.4 cm, respectively. Based on the echogenicity, the target 

lesions were classified into four groups, including 42 hyperechoic, 

118 hypoechoic, nine isoechoic, and 66 mixed echogenicity.

Comparison of the sensitivity

The sensitivity of CNB, FNAC, TIC and combinations for diagno-

sis of malignancy are shown in Table 1. Among the 235 malignant 

hepatic lesions, the CNB, FNAC and TIC were diagnostic in 220 

(93.6%), 169 (71.9%), and 200 (85.1%) patients, respectively. 

The sensitivity of CNB was superior to that of FNAC (P<0.001) 

and TIC (P=0.003). As compared with CNB alone, the combina-

tion of CNB plus FNAC or CNB plus TIC provided additional sensi-

tivity of 2.1% and 0.4%, respectively. CNB yielded non-diagnostic 

results in 15 cases, of which five were diagnostic in FNAC (includ-

ing HCC, cholangiocarcinoma, esophageal squamous cell carcino-

ma, lung adenocarcinoma, and colon adenocarcinoma). There 

was only a case with negative CNB but positive TIC result (colon 

adenocarcinoma), in which the FNAC was also positive.

Table 1. Sensitivity of CNB, FNAC, TIC and combinations in malignant hepatic lesions (n=235)

Single method Combinations

CNB FNAC TIC CNB+FNAC CNB+TIC CNB+FNAC+TIC

Primary liver cancers (n=144) 93.1%
(134)

66.0%
(95)

79.9%
(115)

94.4%
(136)

93.1%
(134)

94.4%
(136)

Metastatic cancers (n=91) 94.5%
(86)

81.3%
(74)

93.4%
(85)

97.8%
(89)

95.6%
(87)

97.8%
(89)

Overall 93.6% 71.9% 85.1% 95.7% 94.0% 95.7%

Additional sensitivity NA NA NA +2.1% +0.4% +2.1%

CNB, core needle biopsy; FNAC, fine needle aspiration cytology; TIC, touch imprint cytology; NA, not applicable.



309

Shang-Chin Huang, et al. 
Biopsy techniques for hepatic malignancies

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0301

Analysis of factors associated with the sensitivity

Factors associated the sensitivity of the three methods were an-

alyzed. The sensitivity of CNB was not associated with the origin, 

number, size, location, depth or echogenicity of the targeted he-

patic lesions (all P>0.05). The sensitivity of FNAC was significantly 

higher in metastatic cancers than in primary liver cancers (81.3% 

vs. 66.0%, P=0.011), but showed no statistical difference be-

tween those with HCC and non-HCC primary liver cancers (63.9% 

vs. 70.2%, P=0.455). The sensitivity of FNAC was 85.7% in hy-

perechoic lesions and 68.9% in non-hyperechoic lesions 

(P=0.028), respectively. Significantly higher sensitivity of FNAC 

was also observed in the lesions with depth less than 4.5 cm from 

the site of needle insertion as compared with those with depth 

equal to or more than 4.5 cm (76.7% vs. 64.0%, P=0.036). Nota-

bly, the sensitivity of FNAC reached 100% in the 15 cases with 

metastatic hyperechoic lesions less than 4.5 cm in depth, in which 

the CNB provided 14 diagnostic results (CNB sensitivity 93.3%). 

The number, size and location of the lesions were not associated 

with the sensitivity of FNAC (Table 2). The two procedural factors 

reaching statistical significance in the univariate analysis, includ-

ing the presence of hyperechogenicity and depth less than  

4.5 cm, were included in a multivariate logistic regression model 

(Table 3), and remained independently associated with higher 

sensitivity of FNAC (odds ratio [OR], 2.654; 95% confidence inter-

val [CI], 1.056–6.672 and OR, 1.819; 95% CI, 1.014–3.264, re-

spectively).

The sensitivity of TIC was higher in metastatic cancers than in 

primary liver cancers (93.4% vs. 79.9%, P=0.004). Higher yield 

rate was also disclosed in multiple lesions as compared with sin-

gle one (91.0% vs. 80.7%, P=0.029). The mean size of the tar-

geted lesions was significantly greater in positive TIC results than 

that in negative ones, 4.91 cm versus 3.47 cm, respectively 

(P=0.001). The location, echogenicity and depth of the targeted 

lesions were not associated with the sensitivity of TIC (Table 4).

DISCUSSION

In clinical practice, CNB, FNAC and TIC are useful diagnostic 

tools for the hepatic malignant lesions. The judgement of tech-

nique selection is based on a variety of considerations, including 

the risk, accuracy, cost effectiveness, the institutional and opera-

Table 2. FNAC in malignant hepatic lesions (n=235)

Diagnostic 
(n=169)

Non-diagnostic 
(n=66)

P-value

Origin 0.011

Primary liver 95 49

Metastatic 74 17

Number 0.135

Single 92 43

Multiple 77 23

Location 0.938

Left lobe 30 12

Right lobe 139 54

Echogenicity

Hyperechoic 36 6 0.028

Hypoechoic 79 39 0.089

Isoechoic 5 4 0.265

Mixed 49 17 0.620

Size (cm) 4.92±3.47 4.12±3.06 0.099

Depth (cm) 4.19±1.52 4.76±1.71 0.013

≥4.5 57 32 0.036

<4.5 112 34

Values are presented as mean±standard deviation or number.
FNAC, fine needle aspiration cytology.

Table 3. Procedural factors associated with the sensitivity of FNAC (n=235)

Procedural factor
Univariate analysis Multivariate analysis

OR 95% CI P-value OR 95% CI P-value

Tumor location, left vs. right 0.971 0.464–2.035 0.938

Size per cm larger 1.082 0.985–1.188 0.102

Number, single vs. multiple 0.639 0.354–1.153 0.137

Hyperechogenicity, yes vs. no 2.707 1.083–6.768 0.033 2.654 1.056–6.672 0.038

Depth, <4.5 cm vs. ≥4.5 cm 1.849 1.037–3.298 0.037 1.819 1.014–3.264 0.045

FNAC, fine needle aspiration cytology; OR, odds ratio; CI, confidence interval.
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tors’ preference. No consensus has been established and only lim-

ited information guiding the selection of each method for better 

sensitivity in the diagnosis of hepatic malignancies. In this study, 

the results by directly comparing the sensitivity of the three meth-

ods suggest that CNB may be the most sensitive one (93.6%) for 

both primary liver cancer and metastatic cancers, and the TIC has 

comparable sensitivity in metastatic lesions (93.4%). In the clinical 

practice, prior to receiving liver biopsies, those patients usually 

undergo ultrasonographic and radiologic examinations, revealing 

certain degree of suspicion for malignancy.9,10 The results of the 

current study, including the sensitivity of each method as well as 

the factors associated with the sensitivity, may help the clinical 

physicians select the appropriate techniques with satisfactory sen-

sitivity and safety for patients with suspected hepatic malignan-

cies on images.

The most important benefit from TIC is the utility of ROSE with-

out additional invasive intervention. The ROSE of TIC provides 

timely information about the adequacy of obtained tissue, thus 

avoids unnecessary needle passes. Our study confirmed the satis-

factory sensitivity of TIC for metastatic lesions, but also observed 

the suboptimal sensitivity (79.9%) for primary liver cancers. Addi-

tionally, depletion of the malignant cells in the obtained tissue of 

CNB should be considered as a potential problem of the tech-

nique.11 There was a case of metastatic colon adenocarcinoma 

with positive TIC but negative CNB result in our study, although 

both of them were derived from the same initial specimen. One 

possible explanation is the aforementioned condition.5

This is the first study to directly compare the sensitivity of these 

common techniques simultaneously for the diagnosis of hepatic 

malignancies, and then determine the relationship between the 

procedural parameters and the sensitivity of FNAC. We identified 

three clinical variables associated with higher sensitivity of FNAC, 

including metastatic cancers, hyperechoic lesions on ultrasonog-

raphy, and superficial lesions with depth less than 4.5 cm from 

the site of needle insertion. Consistently, a previous retrospective 

study enrolling 74 patients with liver masses also reported the 

better sensitivity of FNAC in metastatic cancers than in HCC.7 Our 

study revealed a wider difference between the sensitivity of FNAC 

in diagnosing metastatic cancers and primary liver cancers (81.3% 

vs. 66.0%). A plausible explanation is that the fine needle aspira-

tion obtains fragmented tissue without the intact architecture and 

surrounding stroma, so the atypia of hepatocytes on cytology is 

not sufficient to make the definite diagnosis of HCC. The limita-

tion of cytology in the diagnosis of HCC is a crucial consideration 

for choosing optimal technique in hepatitis B virus (HBV) or hepa-

titis C virus (HCV) endemic area, where the incidence of HCC is 

much higher.12,13 A recent study collecting 10-year cases (most 

were metastatic cancers) of hepatic FNA in a single institution in 

United States, a non-HBV/HCV endemic area, showed higher sen-

sitivity of FNA up to 93.4%; although the cell blocks used in the 

study may also strengthen the diagnostic ability.14

However, the discrepancy between the sensitivity of FNAC and 

TIC exists in our study, either for primary or metastatic cancers, 

not explained by the limitation of cytology itself, suggesting the 

procedure-associated factors may influence the accuracy of sam-

pling.15 For example, the FNAC is performed with a 22-gauge fine 

needle, while the CNB is conducted with a 16-gauge core needle. 

The difference between the equipment is not only the amount of 

obtained tissue, but also the degree of difficulty in reaching the 

targeted lesions accurately. Mechanistically, the needle was in-

serted and proceeded with the guidance of ultrasonography. 

Since this is a 3-dimensional operation based on a 2-dimensional 

plane of view from the ultrasound probe, a small deviation of the 

needle from the plane of view may lead to disappearance of the 

needle tip on sonography. Compared with the 16-gauge needle, 

the 22-gauge needle is much finer and tends to be bent or curved 

while penetrating tissue with greater friction or resistance, such 

Table 4. TIC in malignant hepatic lesions (n=235)

Diagnostic 
(n=200)

Non-diagnostic 
(n=35)

P-value

Origin 0.004

Primary liver 115 29

Metastatic 85 6

Number 0.029

Single 109 26

Multiple 91 9

Location 0.903

Left lobe 36 6

Right lobe 164 29

Echogenicity

Hyperechoic 38 4 0.281

Hypoechoic 100 18 0.876

Isoechoic 7 2 0.529

Mixed 55 11 0.633

Size (cm) 4.91±3.52 3.47±1.97 0.001

Depth (cm) 4.28±1.54 4.70±1.84 0.155

Values are presented as mean±standard deviation or number.
TIC, touch imprint cytology.
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as a thick subcutaneous layer or the lateral compression of the 

needle to the rib. The deviation may be greater if the needle is in-

serted deeper. This phenomenon may also explain the better sen-

sitivity of FNAC in diagnosing hepatic tumors that were less deep.

The echogenicity of hepatic tumors is associated with the path-

ological nature of the lesions, including the composition and mi-

croscopic architecture, therefore different cancers tend to have 

distinct features on ultrasonography. HCCs are typically known to 

be hypoechoic, especially for smaller ones, while the metastatic 

cancers are prone to be hyperechoic.16,17 In addition, necrotic tis-

sue (that may be associated with fewer viable malignant cells) is 

less likely to be hyperechoic on ultrasonography. In the current 

study, the higher yield rate of FNAC for hyperechoic lesions could 

be explained by above reasons.

Our data showed that add-on FNAC to CNB led to additional 

diagnostic value of 2.1%, but the risk of complications in repeated 

needle insertion should be taken into consideration.18,19 In con-

trast, FNAC alone in selected patients was found to be beneficial. 

Although the overall sensitivity of FNAC was only 71.9%, we 

identified three clinical parameters (metastatic, hyperechoic and 

<4.5 cm in depth) significantly associated with higher sensitivity. 

Furthermore, the sensitivity of FNAC increased to 100% (15/15) in 

hepatic tumors that matched all three criteria. In some cases, the 

FNAC was diagnostic for malignancy but the CNB revealed non-

diagnostic result. This point may also be explained by the operat-

ing features of the techniques; the FNAC allowed more to-and-fro 

movements during tissue acquisition, creating possibly wider 

sampling area of lesion in question than that of CNB. Future larg-

er prospective studies may focus on more precise predictors that 

help select the sampling technique with maximal accuracy and 

minimal risk.

There were limitations in this study. First, it was a retrospective 

study conducted in a single tertiary center in Taiwan, and the re-

sults need to be validated in other facilities with variable clinical 

settings. Second, those not receiving these three methods simul-

taneously were not included in the analysis, therefore selection 

bias could not be totally avoided. Third, the methods compared in 

this article were all percutaneous ultrasound-guided procedures, 

which may be not extrapolated to computed tomography-guided 

ones. Fourth, only malignant lesions were included in this study, 

therefore other statistical profiles such as specificity were not pre-

sented. Fifth, although the samples were examined by the certi-

fied pathologists and cytopathologists for histology and cytology 

separately, the results were not blinded and may be affected by 

each other, causing possible bias. Further prospective study with 

blinding design may be needed to clarify this point in the future.

In conclusion, the sensitivity of CNB is superior to that of FNAC 

or TIC in hepatic malignancies. Nevertheless, FNAC provides ex-

cellent diagnostic sensitivity in selected hepatic malignancies that 

are shallow (<4.5 cm in depth), hyperechoic, and not typical for 

primary liver cancers.
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The relative expression of GHR mRNA in HCV-related HCC tumor tissues (T) was significantly lower 
than that in adjacent non-tumorous (ANT) tissues analyzed by RT-qPCR.

A lower tumor/ANT GHR ratio (≤ 0.1) was an important risk factor associated with (A) HCC recurrence 
and (B) mortality in HCV-related HCC patients after surgical resection.
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INTRODUCTION

Around 2–3% of the world population is chronically infected 

with hepatitis C virus (HCV), which is one of the leading causes of 

end-stage liver diseases such as liver cirrhosis (LC), hepatic de-

compensation, and hepatocellular carcinoma (HCC).1,2 HCC is one 

of the most prevalent cancers in human beings, ranking 5th 

worldwide and 2nd in Taiwan,3 and is also the third leading cause 

Background/Aims: Growth hormone (GH) is the main regulator of somatic growth, metabolism, and gender 
dimorphism in the liver. GH receptor (GHR) signaling in cancer is derived from a large body of evidence, although 
the GHR signaling pathway involved in the prognosis of hepatocellular carcinoma (HCC) in patients with hepatitis C 
virus (HCV)-related HCC, remains unclear. We aimed to explore the expression of GHR and analyze its association with 
clinicopathologic features and prognosis of patients with chronic hepatitis C and HCC.
Methods: The expression of GHR mRNA was investigated by quantitative real-time polymerase chain reaction in paired 
tumors and adjacent non-tumorous (ANT) liver tissues of 200 patients with chronic hepatitis C and HCC. Western blotting 
and immunofluorescence assays using the HCV-infected Huh7.5.1 cell model was performed.
Results: GHR mRNA was significantly lower in HCV-HCC tissues than in corresponding ANT liver tissues. GHR mRNA and 
protein levels also decreased in the HCV-infected Huh7.5.1 cell model. Notably, lower GHR expression was associated 
with age of >60 years (P=0.0111) and worse clinicopathologic characteristics, including alpha-fetoprotein >100 ng/mL 
(P=0.0403), cirrhosis (P=0.0075), vascular invasion (P=0.0052), pathological stage II–IV (P=0.0002), and albumin ≤4.0 g/dL  
(P=0.0055), which were linked with poor prognosis of HCC. Most importantly, the high incidence of recurrence and poor 
survival rates in patients with a low ratio of tumor/ANT GHR (≤0.1) were observed, indicating that low expression levels of 
GHR had great risk for development of HCC in patients with chronic hepatitis C. 
Conclusions: Our study demonstrates a significant down-regulation of GHR expression as a new unfavorable 
independent prognostic factor in patients with chronic hepatitis C and HCC. (Clin Mol Hepatol 2021;27:313-328)
Keywords: Receptors, Somatotropin; Carcinoma, Hepatocellular; Hepacivirus; Recurrence; Prognosis

Study Highlights
· The GHR expression level was significantly lower in human HCV-related HCC tumor tissues than in corresponding ANT liver tissues.
·   A lower tumor/ANT GHR ratio of <0.1 was associated with poor prognosis of patients with chronic hepatitis C and HCC after tumor resection, in 
terms of higher incidence of HCC recurrence and poorer survival.

·   A significant down-regulation of GHR expression was shown to be a new unfavorable independent prognostic factor in patients with chronic hep-
atitis C and HCC.
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of cancer mortality.4

HCV-induced HCC development is a multi-step process that 

could take 20–40 years, and each step in the process could be a 

target for the prevention of HCC.5 Viral, host, and environmental 

factors have been associated with an increased risk of HCV-relat-

ed HCC, including HCV genotypes, severity of liver fibrosis, genet-

ics variants, serum levels of Major Histocompatibility Complex 

class I chain-related A, and alcohol intake.6-10 Successful antiviral 

therapy has been reported to greatly reduce the incidence of 

HCC;7 however, the risk of HCC remains in patients even after the 

eradication of HCV, especially in the elderly with advanced liver 

diseases, high baseline gamma-glutamyl transferase (rGT), and 

diabetes.11-13 Furthermore, the development of HCC has been ob-

served in mice expressing HCV transgenes in the absence of ap-

preciable hepatic inflammation and fibrosis, suggesting that HCV 

infection is likely to have direct and unique cancer-promoting ef-

fects.14 The first choice in the management of HCC in the early 

stage is surgical resection;15 nevertheless, the 5-year recurrence 

rate remains as high as 60% even after curative resection.16 Fac-

tors associated with HCC recurrence include tumor size,17 fibro-

sis,18 vascular invasion,19 satellite lesions,20 serum alpha-fetopro-

tein (AFP), etiologies,21 and serum albumin levels.22 Understanding 

the factors and mechanisms associated with HCV-related HCC de-

velopment and recurrence could provide potential targets and 

promising strategies to improve cancer survival.23

Growth hormone (GH) is the main regulator of somatic growth, 

metabolism, and gender dimorphism in the liver.24 The GH recep-

tor (GHR) was first identified and characterized in the liver,25 a 

predominant target organ for GH.26 GH binds its cognate receptor 

GHR, activating Janus kinase 2 (JAK2), which in turn phosphory-

lates the signal transducer and activator of transcription 5 (STAT5) 

and facilitates the expression of several GH downstream genes, 

including insulin-like growth factor-1 (IGF-1), an important effec-

tor of GH action.27,28 The effect of the GH/IGF-1 system on cancer 

progression has recently been garnering much interest. GH/IGF-1 

axis dysregulation enhances the synergistic effect of GH and IGF-1 

on the promotion of uncontrolled cell proliferation, cell move-

ment, and angiogenesis, and also increases neoplasia risk.29 Im-

portantly, disruption of GH-JAK2-STAT5-IGF-1 signaling is associ-

ated with hepatic metabolic changes and the pathogenesis of 

fatty liver, fibrosis, LC, and HCC,24 while STAT5 activation is corre-

lated with the progression of human HCC.30 In contrast, the loss 

of STAT5 in mice causes liver steatosis and fibrosis, and promotes 

chemically-induced HCC by altering the expression of cell cycle 

pathway regulators.31 A recent animal study showed that hepatic 

GH signaling is crucial for the maintenance of lipid homeostasis, 

and that the impairment of this signaling causes severe metabolic 

liver disease predisposing to HCC.32 In humans, low levels of cir-

culating IGF-1 and high levels of GH, indicative of GH resistance, 

were commonly found in patients with hepatic fibrosis and cirrho-

sis33 and have been implicated in the development of HCC.34 

However, whether the GH-STAT5-IGF-1 signaling pathway is in-

volved in the prognosis of HCV-related HCC remains unclear.

In the present study, we firstly identified that GHR was highly 

down-regulated in HCC tissues in patients with chronic hepatitis C 

as compared to adjacent non-tumor tissues (ANT). Then, the ef-

fects of HCV infection on the GH-STAT5-IGF-1 signaling pathway 

were evaluated in HCV infectious clones. Finally, the prognostic 

role of the GH-STAT5-IGF-1 signaling pathway in a cohort of HCC 

patients with chronic hepatitis C who received curative resection 

for HCC was validated by determining the expression levels of GHR 

and its downstream genes in HCC tumor and ANT tissues. We in-

novatively revealed that there are interplays between virus and host 

through dysregulation of GHR and its downstream genes that were 

correlated to poor prognosis and low survival rate of HCC patients 

with chronic hepatitis C who received curative resection for HCC.

MATERIALS AND METHODS

Study population

For empirical validations, HCC tissues with paired ANT liver tis-

sues and associated clinical information of 200 chronic hepatitis C 

patients who underwent surgical resection of HCC were provided 

by the Taiwan Liver Cancer Network (TLCN). Tumor specimens 

and paired ANT liver tissue were obtained immediately after sur-

gical resection. This study was approved by the Institutional Re-

view Board of Kaohsiung Medical University Hospital (ethic ap-

proval number: KMUHIRB-20140118) and the TLCN User 

Committee.

Cell culture and generation of HCVcc stocks and 
experimental infection

In this study, Huh7.5.1 cells were obtained from American Type 

Culture Collection. Huh7.5.1 cells were maintained in DMEM (Gibco) 

with 10% fetal bovine serum (Gibco). The cultural medium also 

contained penicillin (100 units/mL), streptomycin (100 μg/mL),  

L-glutamine (2 mmol/L), and sodium pyruvate (1 mmol/L) (Gibco) 
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at 37°C in a humidified incubator containing 5% CO2. For the 

generation of HCVcc stocks, Huh7.5.1 cells were transfected with 

Chimeric J6/JFH genome genotype 2a HCV cDNA from Dr. Lan 

Keng-Hsin. Transfected cells were incubated for 6 days, and virus 

(HCVcc)-containing supernatants were collected. For infection, 

Huh7.5.1 cells were seeded at a density of 1×104 or 1×105 in 12- 

or 6-well dishes and infected with HCVcc at a multiplicity of infec-

tion of 0.5, respectively. At 24 hours post-infection, the HCV-in-

fected Huh7.5.1 cells were treated with 5 pM daclatasvir (DCV) 

for 3 days. The supernatant was replaced with fresh media 6 

hours post-infection. At 2, 3, and 4 days post-infection, cells were 

harvested for RNA isolation, immunostaining, and Western blot-

ting analysis.

RNA isolation and cDNA synthesis 

Total RNA extraction was performed using Quick-RNATM Mini-

Prep Kits for cells according to the manufacturer’s instructions 

(Zymo Research, Irvine, CA, USA). Total RNA was extracted from 

HCV-related HCC tumors and ANT tissues obtained from the tis-

sue bank of TLCN. The cDNA was synthesized from 1 μg of total 

RNA incubated in a 20 μL volume reaction using the Superscript 

III kit for RT-PCR (Invitrogen, Life Technologies, Carlsbad, CA, 

USA) with random primers.

Quantitative real-time reverse transcription-PCR

The relative abundances of GHR, IGF-I, CDKN1A, 5’UTR, and 

NS5B mRNA in the HCV-infected Huh7.5.1 cells and the liver bio-

samples were detected using quantitative real-time polymerase 

chain reaction (RT-qPCR). The real-time PCRs were performed us-

ing the ABI PRISM 7900 system (applied Biosystems, Foster, CA, 

USA) and SYBR GreenERTM qPCR SuperMix (Invitrogen, Life Tech-

nologies, Carlsbad, CA, USA) with cycling conditions of 20 sec-

onds at 95°C and 40 cycles of 1 second at 95°C and 20 seconds 

at 60°C. The ΔCt (threshold cycle) method was used to calculate 

the relative abundance of mRNA, and expressed as a tumor ΔCt/

non-tumor ΔCt (T/NT) ratio in the liver bio-samples. The changes 

in gene expression were analyzed by the ΔΔCt method, using 

glyceraldehyde 3-phosphate dehydrogenase as an endogenous 

control. All samples were analyzed in triplicate. All primers are 

listed in Supplementary Table 1.

Immunofluorescence staining and confocal 
microscopy

For immunofluorescent labeling, the Huh7.5.1 cells were grown 

on glass coverslips at a density of 1×105 cells in 12-well dishes 

overnight. After infection, cell cultures were rinsed several times 

with PBS and fixed in 4% paraformaldehyde for 5 minutes, and 

permeabilized with 0.5% Triton X-100 in phosphate buffered sa-

line (PBS) for 5 minutes. The fixed cells were rinsed in PBS. Non-

specific binding was blocked with 5% normal goat serum/1% bo-

vine serum albumin in PBS pH 7.4 for at least 30 minutes at 37°C. 

After a brief wash, cells were incubated for 45 minutes at 37°C 

with the primary antibodies (e.g., anti-HCV core protein [Millipore, 

Temecula, CA, USA] and anti-GHR [Abcam, Cambridge, UK]). Af-

ter extensive washes with PBS, the cultures were then incubated 

with the appropriate secondary antibody conjugated to either Al-

exa 488 or Alexa 568 (Molecular Probes, Waltham, MA, USA) for 

45 minutes at 37°C. Finally, the slides were incubated for 5 min-

utes with DAPI (Molecular Probes) before mounting with Prolong 

Gold antifade reagent (Molecular Probes). Confocal images were 

obtained using a ZEISS LSM700 microscope, controlled by ZEN 

software (Carl Zeiss Group, Hartford, CT, USA). All images were 

imported to Adobe Photoshop v7.0 (Adobe Inc., San Jose, CA, 

USA) for contrast manipulation.

Western blotting

The cellular lysate was prepared using the radioimmunoprecipi-

tation assay buffer, and the protein content was determined by a 

Bio-Rad Protein Assay system. Proteins were separated on 10% 

or 12% sodium dodecyl sulfate polyacrylamide gel electrophoresis 

and transferred onto the polyvinylidene fluoride membrane. Then, 

the membrane was incubated with GHR (Abcam), anti-phospho 

Stat5 and anti-total STAT5 (cell signalling), anti-HCV core protein 

(Millipore), or anti-β-actin (Sigma-Aldrich, St. Louis, MO, USA). 

The secondary antibody used was goat anti-mouse or anti-rabbit 

IgG conjugated to horseradish peroxidase, and the enhanced che-

miluminescence reagents (Fisher Scientific, Amersham, UK) were 

used for immunodetection. The chemiluminescent signal was cap-

tured by an Image Quant™ LAS 4000 mini system (GE Healthcare 

Life Sciences, Marlborough, MA, USA).

Statistical analysis

All categorical and continuous variables were analyzed by chi-
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squared test, and the group means (presented as the mean± 

standard deviation) were compared using analysis of variance and 

Student’s t-test. For continuous variables with outliers, nonpara-

metric Mann-Whitney tests were used. The area under the curve 

by using receiver-operating characteristics (AUROC) was per-

formed, and the cut-off point tumor/ANT GHR ratio was deter-

mined to best distinguish the risk of HCC recurrence of HCC in pa-

tients with chronic hepatitis C who underwent surgical resection. 

Kaplan-Meier analysis and log-rank test were performed by com-

paring the differences in the cumulative incidence of HCC among 

patients with tumor/ANT GHR ratio >0.1 and ≤0.1. The risk fac-

tors independently associated with HCC development were evalu-

ated using Cox regression analysis. Statistical analyses were per-

formed using the JMP software (version 9; SAS, Cary, NC, USA). 

All statistical analyses were based on two-sided hypothesis tests 

with a significance level of P<0.05.

RESULTS

GHR expression was down-regulated in HCV-related 
HCC

To examine the differential expressions of host genes between 

tumor and ANT tissues in patients with HCV-related HCC, we em-

ployed microarray analysis to reveal the gene profiles from three 

HCV-related HCC liver tissue samples. Our exploratory gene array 

data showed that there were 69 up-regulated and 165 down-reg-

ulated genes with at least a two-fold change (Supplementary  

Tables 2, 3, and Supplementary Fig. 1). GHR was one of the 

down-regulated genes in a subset of these samples. As mention 

Table 1. Clinicopathological information of HCV-related HCC patients 
obtained from the TLCN

Variable No. of patients (n=200)

Gender

Male 128 (64.0)

Female 72 (36.0)

Age (years)

>60 141 (70.5)

≤60 59 (29.5)

Tumor size (cm)

>5 52 (26.0)

≤5 148 (74.0)

AFP (ng/mL)

>100 72 (36.2)

≤100 127 (63.8)

HCV

Genotype 116 (58.0)

Non-genotype 1 84 (42.0)

History of HCV treatment

Yes 34 (17.0)

No 166 (83.0)

Cirrhosis

Absence 94 (47.0)

Presence 106 (53.0)

HCC

Recurrence 135 (69.9)

Non-recurrence 58 (30.1)

Vascular invasion

Absence 105 (52.5)

Presence 95 (47.5)

Pathological stage

I 82 (41.0)

II–IV 118 (59.0)

AST (IU/L)

>40 135 (67.5)

≤40 65 (32.5)

ALT (IU/L)

>60 91 (45.5)

≤60 109 (54.5)

BMI (kg/m2)

>25 64 (32.0)

≤25 136 (68.0)

Variable No. of patients (n=200)

Albumin (g/L)

>4.0 86 (43.0)

≤4.0 114 (57.0)

HCV viral loads (×106 IU/mL) 0.75±1.58

Follow-up period (months) 61.8±29.6

Values are presented as mean±standard deviation or number (%).
Pathological stage according to AJCC and UICC, 7th ed.49

HCV, hepatitis C virus; TLCN, Taiwan Liver Cancer Network; AFP, alpha-
fetoprotein; HCV, hepatitis C virus; HCC, hepatocellular carcinoma; AST, 
aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body mass 
index.

Table 1. Continued
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Figure 1. GHR expression in the HCV-infected Huh7.5.1 cell model. (A) The efficient production of infectious HCV gradually increased at different time 
points (2D, 3D, and 4D), as detected by immunostaining. Red dash line ranges indicate the HCV-infected cells. Anti-HCV core protein (green) and nuclei 
(DAPI, blue). (B) The expressions of HCV 5’UTR, NS5B, and GHR detected at different time points (2D, 3D, and 4D) in the HCV-infected Huh7.5.1 cells by 
RT-qPCR. The values indicate the mean±standard deviation for three separate experiments. (C) GHR was highly decreased in HCV-infected cells (red 
dash line squares), and white line squares indicate non-infected cells. Anti-HCV core protein (red), anti-GHR (green), and nuclei (DAPI, blue). HCV, hepa-
titis C virus; 2D, Day 2; 3D, Day 3; 4D, Day 4; GHR, growth hormone receptor; NS5B, nonstructural protein 5B; 5’UTR, 5’ untranslated region; DAPI, 4’,6-di-
amidino-2-phenylindole; RT-qPCR, quantitative real-time polymerase chain reaction. *P<0.05. †P<0.01.

a

Uninfected cells HCV-infected 2D HCV-infected 3D HCV-infected 4D

HC
V 

co
re

 p
ro

te
in

M
er

ge
Re

la
tiv

e 
GH

R 
m

RN
A 

ex
pr

es
sio

n 
le

ve
l

Re
la

tiv
e 

NS
5B

 m
RN

A 
ex

pr
es

sio
n 

le
ve

l

Re
la

tiv
e 

NS
5B

 m
RN

A 
ex

pr
es

sio
n 

le
ve

l

1.4
1.2

1
0.8
0.6
0.4
0.2

0

1.40E+06

1.20E+06

1.00E+06

8.00E+05

6.00E+05

4.00E+05

2.00E+05

0.00E+00

1,600
1,400
1,200
1,000

800
600
400
200

0
Control HCV 2D HCV 4D Control HCV 2D HCV 4D Control HCV 2D HCV 4D

GHR NS5B
5'UTR

†P<0.01
†P<0.01

†P<0.01

*P<0.05 *P<0.05
*P<0.05

c

Anti-HCV core Anti-GHR

HCV core/GHR HCV core/GHR/DAPI

B



319

Ching-Chih Lin, et al. 
Down-regulation of GHR expression in HCV-related HCC

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0247

Figure 2. Effects of HCV on GHR expression and GH/JAK2/STAT5/IGF-1 signaling in the HCV-infected Huh7.5.1 cell model. (A) Immunostaining detect-
ed the effect of DCV on HCV replication. Twenty-four hours after HCV infection, DCV treatment continued for 3 days. Red dash line ranges indicate 
the HCV-infected cells. Anti-HCV core protein (green) and nuclei (DAPI, blue). (B) The expression levels of 5’UTR, NS5B, and GHR were detected on 4D in 
the HCV-infected Huh7.5.1 cells by RT-qPCR. The values indicate the mean±standard deviation for three separate experiments. (C) Western blot analy-
ses for GHR, STAT5, p-STAT5, and HCV core protein in the HCV-infected Huh7.5.1 cells, respectively. β-actin was used as a loading control. The data are 
representative of three independent experiments. HCV, hepatitis C virus; 4D, Day 4; 3D, Day 3; DCV, daclatasvir; 5’UTR, 5’ untranslated region; NS5B, 
nonstructural protein 5B; GHR, growth hormone receptor; GH, growth hormone; STAT5, signal transducer and activator of transcription 5; JAK2, Janus 
kinase 2; IGF-1, insulin-like growth factor-1; DAPI, 4’,6-diamidino-2-phenylindole; RT-qPCR, quantitative real-time polymerase chain reaction. *P<0.01. 
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Table 2. Clinical characteristics of HCC patients with chronic hepatitis C according to the ratio of GHR expression (tumor/ANT)

Variable
Tumor/ANT GHR >0.1 

(n=115)
Tumor/ANT GHR ≤0.1 

(n=85)
χ2 P-value

Gender 0.000 0.9928

Male 74 (64.3) 54 (63.5)

Female 41 (35.7) 31 (36.5)

Age (years) 7.831 0.0051*

>60 72 (62.6) 69 (81.2)

≤60 43 (37.4) 16 (18.8)

Tumor size (cm) 1.345 0.2462

>5 82 (71.3) 66 (77.6)

≤5 33 (28.7) 19 (22.4)

AFP (ng /mL)

>100 32 (28.1) 40 (47.1)

≤100 82 (71.9) 45 (52.9)

HCV 0.781 0.3770

Genotype 1 64 (55.7) 52 (61.2)

Non-genotype 1 51 (44.3) 33 (38.8)

History of HCV treatment 1.767 0.1838

Yes 23 (67.7) 11 (32.3)

No 92 (55.4) 74 (44.6)

Cirrhosis 0.877 0.3489

Yes 58 (50.4) 48 (56.5)

No 57 (49.6) 37 (43.5)

Vascular invasion 9.879 0.0017*

Yes 44 (38.3) 51 (60.7)

No 71 (61.7) 33 (39.3)

Pathological stage I 55 (47.8) 27 (31.8) 5.726 0.0167*

Pathological stage II–IV 60 (52.2) 58 (68.2)

Recurrence 14.173 0.0002*

Yes 67 (59.3) 68 (85.0)

No 46 (40.7) 12 (15.0)

AST (IU/L) 2.407 0.3001

>40 76 (66.9) 59 (70.2)

≤40 37 (33.1) 25 (29.8)

ALT (IU/L) 0.556 0.4560

>60 50 (43.5) 41 (48.8)

≤60 65 (56.5) 43 (51.2)

BMI (kg/m2) 2.081 0.3533

>25 54 (47.3) 22 (27.9)

≤25 60 (52.7) 59 (72.1)

Albumin (g/dL) 2.092 0.3513

>4.0 51 (38.9) 32 (39.3)

≤4.0 81 (61.1) 50 (60.7)
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above, GH-STAT5-IGF-1 signaling was associated with the patho-

genesis of liver diseases and HCC.24,34 However, the effects of 

HCV on GHR expression and the molecular mechanisms in HCC 

have not been elucidated. To further validate these findings, we 

first detected the expression level of GHR in 200 paired HCV-re-

lated HCC tissue specimens from the TLCN by RT-qPCR. We ob-

served that GHR expression level decreased in 89% (178 of 200 

cases) and increased in 11% of HCV-related HCC cases (22 of 200 

cases). The biochemical and clinicopathological characteristics of 

the study population are outlined in Table 1. The relative expres-

sion of GHR mRNA in HCV-related HCC tissues was significantly 

lower than that in ANT tissues (2.557±5.341 vs. 15.780±20.591, 

P<0.0001) (Supplementary Fig. 2A, Supplementary Table 4). We 

further examined the IGF-1 and CDKN1A expression levels, which 

were downstream genes of the GH-STAT5-IGF-1 signaling path-

way. Our data showed that the expression levels of IGF-1 and CD-

KN1A also decreased in HCV-related HCC tissues compared to 

ANT tissues (Supplementary Fig. 2B, C and Supplementary Table 4). 

These findings revealed that GHR and its downstream genes, IGF-

1 and CDKN1A, were significantly down-regulated in HCV-related 

HCC tissues. 

Down-regulation of GHR in the HCV-infected 
Huh7.5.1 cell model

To examine whether HCV infection regulates GHR expression, 

we performed the cell experiments using the HCV (J6/JFH)-infect-

ed Huh7.5.1 cell model. Our data showed that the production of 

infectious HCV gradually increased with time. This simulated the 

gradual increase of infected cells over time under physiological 

conditions. The infected cells grossly appeared to cluster at Day 2 

and Day 3, and then spread out on Day 4 (Fig. 1A). GHR expres-

sions were measured by RT-qPCR in HCV-infected cells. The ex-

pression of HCV 5’UTR and NS5B increased concomitantly with 

decreased expression of GHR over time during HCV infection (Fig. 1B). 

Moreover, we used an antibody to detect the expression level of 

GHR in HCV-infected cells by immunostaining. GHR expression 

was evenly scattered in the cytoplasm and membrane in non-

HCV-infected cells, but it was significantly decreased in HCV-in-

fected cells (Fig. 1C). Our data suggested that GHR levels were 

negatively correlated with HCV viral load in the HCV-infected cells.

Effect of HCV on the GH-STAT5 signaling pathway in 
the HCV-infected Huh7.5.1 cell model

The GH binds its cognate receptor GHR, which results in the ac-

tivation of the GH-STAT5 signaling pathway.24 We further investi-

gated whether the GHR expression and activation of the GH-

STAT5 signaling pathway were regulated by HCV infection. HCV-

infected cells were treated with DCV, a potent direct-acting 

antiviral agent, to inhibit HCV replication. We demonstrated that 

HCV replication was robustly inhibited after 3-day daclatasvir 

treatment in HCV-infected cells (Fig. 2A, B) concomitantly with a 

moderate restoration of GHR expression (Fig. 2B, C; lane 2 com-

pared to lane 3). This finding suggested that GHR is negatively 

regulated by HCV infection, and can be restored by inhibiting HCV 

replication. We further examined the status of STAT5 involved in 

the GH-STAT5 signaling pathway. Our data showed that the phos-

pho-STAT5 (activated form) was moderately reduced in HCV-in-

fected cells (Fig. 2C; lane 2 compared to lanes 1 and 3). Further-

more, we used GHs to stimulate the GH-STAT5 signaling pathway 

during HCV infection. The phospho-STAT5 (activated form) signifi-

cantly increased in the control and daclatasvir treatment groups, 

but not in the HCV-infected group, upon GH administration  

(Fig. 2C; lanes 4 and 6 compared to lane 5). Taken together, these 

findings implicate that GHR was negatively regulated by HCV in-

Variable
Tumor/ANT GHR >0.1 

(n=115)
Tumor/ANT GHR ≤0.1 

(n=85)
χ2 P-value

HCV viral loads (×106 IU/mL) 0.86±0.15 0.61±0.17 0.2820 

Ratio of tumor/ANT IGF-1 1.17±3.22 0.40±0.55 <0.0001* 

Ratio of tumor/ANT CDKN1A 1.54±3.09 0.51±0.65 <0.0001* 

Values are presented as mean±standard deviation or number (%).
Pathological stage according to AJCC and UICC, 7th ed.49

HCV, hepatitis C virus; HCC, hepatocellular carcinoma; GHR, growth hormone receptor; ANT, adjacent non-tumor tissues; AFP, alpha-fetoprotein; AST, aspartate 
aminotransferase; ALT, alanine aminotransferase; BMI, body mass index; IGF-1, insulin-like growth factor-1.
*P-value <0.05 is considered significant.

Table 2. Continued
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Figure 3. The comparison of tumor recurrence and OS rates after surgery in patients with tumor/ANT GHR ratio ≤0.1 and tumor/ANT GHR ratio >0.1. 
(A) The recurrent rate of patients with tumor/ANT GHR ratio ≤0.1 was significantly higher than that of patients with tumor/ANT GHR ratio >0.1 
(P<0.0001). (B) The OS of patients with tumor/ANT GHR ratio ≤0.1 was significantly shorter than that if patients with tumor/ANT GHR ratio >0.1 
(P<0.0001). (C, D) Tumor/ANT GHR ratio ≤0.1 in HCC patients with chronic hepatitis C aged >60 years showed apparent prognostic value in predicting 
the higher recurrent rate and poorer OS. (E, F) Tumor/ANT GHR ratio ≤0.1 in HCC patients with chronic hepatitis C with pathological stages II–IV was 
significantly correlated with higher recurrence rate and shorter OS. Solid line represents patients with a tumor/ANT GHR ratio of ≤0.1. Dotted line repre-
sents patients with tumor/ANT GHR ratio >0.1. HCC, hepatocellular carcinoma; HR, hazard ratio; GHR, growth hormone receptor; ANT, adjacent non-tu-
mor tissues; OS, overall survival; HCV, hepatitis C virus.
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fection, and affected the GH-STAT5 signaling pathway in the 

HCV-infected Huh7.5.1 cell model.

Correlations between GHR expression and clinical 
characteristics of HCC patients with chronic hepatitis C

The correlation between GHR and the clinicopathological char-

acteristics in HCC patients with chronic hepatitis C was further 

evaluated by using the integer-fittest value with the AUROC curve 

for tumor/ANT GHR ratio to predict HCC recurrence. Our analysis 

excluded seven out of the 200 HCC patients who developed re-

currence after receiving operations. Therefore, during the follow-

up period, all samples are confirmed post-operative for recur-

rence. We observed that tumor/ANT GHR ratio ≤0.1 was the best 

cutoff value for predicting HCC recurrence after surgical resection 

with sensitivity, specificity, and AUROC of 49.6%, 79.0%, and 

0.657, respectively. We further stratified the patients into two 

groups depending on the tumor/ANT GHR ratio >0.1 or ≤0.1 to 

evaluate the role of tumor/ANT GHR expression ratio in the clini-

cal characteristics of HCC patients with chronic hepatitis C. Com-

pared to the HCC patients with chronic hepatitis C with higher tu-

mor/ANT GHR ratio (>0.1), those with lower tumor/ANT GHR ratio 

had significantly higher proportion of patients with age >60 years 

(81.2% vs. 62.6%, P=0.0051), AFP >100 ng/mL (47.1% vs. 28.1%, 

P=0.0047), vascular invasion (60.7% vs. 38.3%, P=0.0023), ad-

vanced pathological stage II–IV of HCC (68.2% vs. 52.2%, 

P=0.0167), and higher risk of HCC recurrence (85% vs. 59.8%, 

P=0.0002). However, lower tumor/ANT GHR ratio did not corre-

late with gender, tumor size, HCV genotype, history of HCV treat-

ment, viral loads, cirrhosis status, as well as the levels of AST, 

ALT, albumin, and body mass index (all P>0.05, Table 2). We also 

observed that the tumor/ANT ratio of IGF and CDKN1A was sig-

nificantly lower in patients with lower tumor/ANT GHR ratio com-

pared to those with higher tumor/ANT GHR ratio (both P<0.0001, 

Table 2).

Relationship between the tumor/ANT GHR 
expression ratio and the prognosis of HCC patients 
with chronic hepatitis C after surgical resection

With a median follow-up period of 65.0 months (range, 1–119; 

total 231.6 person-years), after surgical resection, 128 (64.0%) of 

200 HCC patients with chronic hepatitis C after resection experi-

enced HCC recurrence and 86 (43%) patients had expired, with 

an annual incidence of HCC recurrence of 1.81% and annual 

death of 5.15%. The 1-, 3-, and 5-year cumulative HCC recurrence 

Table 3. Univariate and multivariate analyses of factors related to HCC recurrence in HCC patients with chronic hepatitis C

Variable
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Tumor/ANT GHR ratio, ≤0.1 vs. >0.1 2.68 (1.46–5.07) 0.0014* 2.40 (1.26–4.54) 0.0075*

Gender, male vs. female 0.75 (0.41–1.39) 0.3708

Age, >60 vs. ≤60 (years) 1.63 (0.87–3.03) 0.1256

Tumor size, >5 vs. ≤5 (cm) 1.32 (0.67–2.59) 0.4258

AFP, >100 vs. ≤100 (ng/mL) 1.74 (0.93–3.26) 0.0814

HCV genotype, GT1 vs. non-GT1 1.53 (0.85–2.73) 0.1564

HCV treatment, yes vs. no 0.66 (0.31–1.40) 0.2811

Cirrhosis, yes vs. no 2.07 (1.14–3.68) 0.0167* 2.05 (1.11–3.78) 0.0214*

Vascular invasion, yes vs. no 1.73 (0.96–3.10) 0.0685

Pathological stage, II–IV vs. I 2.37 (1.29-4.22) 0.0049* 2.14 (1.15–3.96) 0.0153*

AST, >40 vs. ≤40 (IU/L) 1.29 (0.70–2.38) 0.4140

ALT, >60 vs. ≤60 (IU/L) 1.39 (0.78–2.50) 0.2667

BMI, >25 vs. ≤25 (kg/m2) 0.56 (0.30–1.03) 0.0611

Albumin, >4.0 vs. ≤4.0 (g/dL) 0.59 (0.33–1.05) 0.0733

Pathological stage according to AJCC and UICC, 7th ed.49

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, hazard ratio; CI, confidence interval; ANT, adjacent non-tumor tissues; AFP, alpha-fetoprotein; HCV, 
hepatitis C virus; GT1, genotype 1; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body mass index.
*P-value <0.05 is considered significant.
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rates were 29.2%, 53.8%, and 64.3%, respectively. Using Ka-

plan-Meier and log-rank survival tests, we demonstrated that the 

1-, 3-, and 5-year cumulative rates of HCC recurrence were 

40.4%, 73.9%, and 82.1%, respectively, for patients with tumor/

ANT GHR ratio ≤0.1, compared to 21.1%, 39.4%, and 51.7%, re-

spectively, for patients with tumor/ANT GHR ratio >0.1 (hazard 

ratio [HR], 2.25, 95% confidence interval [CI], 1.59–3.22; 

P<0.001; Fig. 3A). For overall survival, the 1-, 3-, and 5-year cu-

mulative rates of survival after HCC resection in HCC patients 

with chronic hepatitis C with tumor/ANT GHR ratio ≤0.1 were 

88.1%, 70.2%, and 55.3%, respectively, which were significantly 

lower than 93.8%, 85.0%, and 75.0%, respectively, among those 

with tumor/ANT GHR ratio >0.1 (HR, 2.57; 95% CI, 1.67–4.02; 

P<0.001; Fig. 3B). We further evaluated the predictive value of 

GHR in HCC recurrence and overall survival in specific subgroups 

of HCV-related HCC patients. Among patients aged >60 years, 

those with a lower tumor/ANT GHR expression ratio (≤0.1) re-

mained at significantly higher risk of HCC recurrence (P=0.0019) 

and mortality (P=0.004) (Fig. 3C, D). Similarly, among those with 

advanced pathological stages II–IV, patients with lower tumor/

ANT GHR expression ratio (≤0.1) still had significantly higher rate 

of HCC recurrence (P =0.022) and shorter overall survival 

(P=0.0035) (Fig. 3E, F).

Factors associated with HCC recurrence and overall 
survival in HCC patients with chronic hepatitis C 
after resection

Univariate analysis
Univariate analysis by Cox Hazard model showed that lower tu-

mor/ANT GHR ratio (≤0.1) (P= 0.0014), presence of cirrhosis 

(P= 0.0167), and advanced pathological stage II–IV (P= 0.0049) 

were significantly associated with shorter time to HCC recurrence 

after surgical resection in HCC patients with chronic hepatitis C 

(Table 3). For overall survival, lower tumor/ANT GHR ratio (≤0.1) 

(P<0.0001), age >60 years (P= 0.0075), vascular invasion 

(P=0.0061), and advanced pathological stage II–IV (P=0.0001) 

were significantly associated with worse overall survival in HCC 

patients with chronic hepatitis C after resection (Table 4).

Multivariate analysis
Subsequently, multivariate Cox’s proportional hazard regression 

analysis was performed on three or four prognostic factors that 

showed statistical significance for HCC recurrence and/or mortali-

Table 4. Univariate and multivariate analyses of factors related to the mortality in HCC patients with chronic hepatitis C

Variable
Univariate Multivariate

HR (95% CI) P-value HR (95% CI) P-value

Tumor/ANT GHR ratio, ≤0.1 vs. >0.1 3.60 (1.99–6.50) <0.0001* 3.17 (1.68–5.98) 0.0004*

Gender, male vs. female 0.61 (0.34–1.09) 0.0925

Age, >60 vs. ≤60 (years) 2.44 (1.27–4.68) 0.0075* 2.12 (1.04–4.30) 0.0376*

Tumor size, >5 vs. ≤5 (cm) 1.67 (0.88–3.16) 0.1168

AFP, >100 vs. ≤100 (ng/mL) 1.36 (0.76–2.44) 0.2954

HCV genotype, GT1 vs. non-GT1 1.35 (0.76–2.38) 0.3068

HCV treatment, yes vs. no 0.59 (0.43–1.21) 0.2793

Cirrhosis, yes vs. no 1.38 (0.78–2.41) 0.2668

Vascular invasion, yes vs. no 2.22 (1.26–3.93) 0.0061* 0.48 (0.17–1.39) 0.1560

Pathological stage, II–IV vs. I 3.34 (1.82–6.14) 0.0001* 5.52 (1.93–15.74) 0.0014*

AST, >40 vs. ≤40 (IU/L) 1.13 (0.62–2.05) 0.6979

ALT, >60 vs. ≤60 (IU/L) 1.12 (0.64–1.97) 0.6853

BMI, >25 vs. ≤25 (kg/m2) 0.84 (0.46–1.54) 0.5739

Albumin, >4.0 vs. ≤4.0 (g/dL) 0.34 (0.36–1.13) 0.1200

Pathological stage according to AJCC and UICC, 7th ed.49

HCV, hepatitis C virus; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval; ANT, adjacent non-tumor tissues; AFP, alpha-fetoprotein; HCV, 
hepatitis C virus; GT1, genotype 1; AST, aspartate aminotransferase; ALT, alanine aminotransferase; BMI, body mass index.
*P-value <0.05 is considered significant.



325

Ching-Chih Lin, et al. 
Down-regulation of GHR expression in HCV-related HCC

http://www.e-cmh.org https://doi.org/10.3350/cmh.2020.0247

ty in univariate analysis (P<0.05). Lower tumor/ANT GHR ratio 

(≤0.1) (HR, 2.40; 95% CI, 1.26–4.54; P=0.0075), presence of cir-

rhosis (HR, 2.05; 95% CI, 1.11–3.78; P=0.0214), and advanced 

pathological stage II–IV (HR, 2.14; 95% CI,1.15–3.96; P= 0.0153) 

were independent risk factors for HCC recurrence after surgical 

resection for HCC patients with chronic hepatitis C (Table 3); 

while lower tumor/ANT GHR ratio (≤0.1) (HR, 3.14; 95% CI, 1.68–

5.98; P=0.0004), age >60 years (HR, 2.12; 95% CI, 1.04–4.30; 

P=0.0376), and advanced pathological stage II–IV (HR, 5.52; 

95% CI, 1.93–15.74; P=0.0014) were independent predictors of 

mortality (Table 4). Our data suggested that a lower tumor/ANT 

GHR ratio (≤0.1) was an important risk factor associated with 

HCC recurrence and mortality in HCV-related HCC patients after 

surgical resection.

DISCUSSION

In the current study, we firstly validated and revealed that the 

GHR expression level was significantly lower in human HCV-relat-

ed HCC tumor tissues than in corresponding ANT liver tissues. We 

also observed that HCV infection down-regulated the mRNA and 

protein levels of GHR in the cell model. Notably, lower tumor/ANT 

GHR expression ratio was associated with old age (>60 years) 

and worse clinicopathologic characteristics of HCC, including high 

AFP levels, vascular invasion, and advanced pathological stage of 

HCC, which were linked with poorer prognosis in HCC. Most im-

portantly, we found that a lower tumor/ANT GHR ratio of ≤0.1 

was associated with poor prognosis of HCV-HCC patients after 

tumor resection, in terms of higher incidence of HCC recurrence 

and poorer survival.

Several studies have reported that both expressions of GHR 

mRNA and protein were elevated in human cancers.35-38 Conway-

Campbell et al.36 reported that nuclear localization of GHR induc-

es dysregulated cell cycle progression and tumorigenesis. Basu et 

al.37 also demonstrated that siRNA-mediated GHR knock-down 

attenuated tumor proliferation, migration, and invasion in human 

melanoma cells. All of these studies demonstrated that GH binds 

to aberrantly expressed GHR and activates the JAK2 kinase, driv-

ing epithelial-mesenchymal transition and promoting tumor pro-

gression. García-Caballero et al.39 revealed that GHR showed high 

expression in HCC than in the normal liver by immunohistochem-

istry staining. On the contrary, a lower GHR level has led to the 

development of GH resistance, and was associated with more ad-

vanced liver disease and fibrosis progression.40 To our knowledge, 

the role of GHR in the development of HCC has never been ex-

plored in the HCV cohort.

In our study, we showed that GHR and its downstream genes, 

IGF-1 and CDKN1A, were significantly down-regulated in tumor 

tissue in HCC patients with chronic hepatitis C. More importantly, 

the suppression of GHR was highly associated with HCC recur-

rence and poorer survival rates in HCV-related HCC patients. It 

may be due to various reasons. Firstly, HCV infection has often 

several effects on inflammation, oxidative stress, insulin resis-

tance, steatosis, and progressive fibrosis in the liver.41 At the same 

time, HCV also dysregulates the cell cycle causing cell prolifera-

tion.42-44 The multiple incidents induced by HCV infection probably 

modulate GHR expression. Secondly, human GHR is expressed 

abundantly in the liver tissue compared to other tissues. The 

down-regulation of GHR might lead to interference in the GH sig-

naling pathway in the liver. Besides, our data showed that CDK-

N1A, one of the key cell cycle inhibitors, declined in HCV-related 

HCC specimens. This result suggested that the down-regulation of 

CDKN1A might promote cell cycle progression in HCC patients 

with chronic hepatitis C. Our data was consistent with a previous 

report that the GH-mediated STAT5 negatively regulated cell pro-

liferation through the activation of CDKN2B and CDKN1A expres-

sions.31 Finally, other signaling pathways, such as the Ras/extra-

cellular signal-regulated kinase and PI3-kinase/AKT, are also 

activated by GHR.45 Dysregulation of the GH-IGF-1 axis could pro-

mote uncontrolled cell proliferation and angiogenesis, and sup-

press apoptosis to increase the risk of neoplasia.46 Our findings 

indicated the potential significance of the GH-STAT5 signaling 

pathway in HCV-mediated hepatocarcinogenesis.

In the current study, we found that a lower tumor/ANT GHR ex-

pression ratio was associated with worse clinicopathologic char-

acteristics, including older age, higher AFP levels, cirrhosis, vascu-

lar invasion, advanced stage, and lower albumin level, which are 

related to a poor prognosis in HCC, suggesting that GHR might be 

closely related to the progress of hepatocarcinogenesis. Our data 

indicated that the down-regulation of GHR might lead to cell cycle 

defects and further promote the progression of HCC related to 

chronic hepatitis C.

Previous studies have shown that old age was more than just 

an unfavorable factor for HCV outcomes.47 This study confirmed 

that old age is a negative predictor of 5-year recurrence-free sur-

vival, and the overall survival of patients with low GHR expression 

aged ≤60 years was significantly higher than that in patients 

aged >60 years. This indicated that age is an important factor in 

post-treatment recurrence and patient survival results. Neverthe-
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less, we observed that lower tumor/ANT GHR ratio still played an 

important role in poorer long-term outcomes among older HCC 

patients with chronic hepatitis C after surgical resection. Similar 

results were also observed where a lower tumor/ANT GHR ratio 

remained a negative predictor of long-term outcomes among HCV 

patients who had advanced pathological HCC stage after surgical 

resection.

Many studies have shown that the size and number of tumors 

are important factors for post-treatment recurrence and surviv-

al.16,17 However, in our cohort, tumor size and number had no sig-

nificant effect on the prognosis by multivariate analysis. This indi-

cated that the prognosis of HCC patients with chronic hepatitis C 

was related to multiple factors, and comprehensive information 

should be evaluated. Given that GHR was strikingly down-regu-

lated in tumor tissue in HCC related to chronic hepatitis C, which 

was closely associated with age and the advanced pathological 

stage II–IV, we suggest that GHR might serve as a novel biomark-

er to predict the prognosis in HCC patients with chronic hepatitis 

C. Taken together, our data suggest that GHR is a sensitive clinical 

parameter predicting the HCC recurrence and survival of HCC pa-

tients with chronic hepatitis C, and could serve as a useful prog-

nostic molecular marker for various subgroups among HCC pa-

tients with chronic hepatitis C.

This study had some limitations. Firstly, the study design was 

retrospective. To confirm our findings, a prospective study with a 

longer follow-up period should be conducted. Secondly, our re-

search showed that the effect of HCV infection would lead to the 

down-regulation of GHR, causing a decrease in IGF-1. It should be 

noted that IGF-1 also has a negative effect on regulating GH se-

cretion, and patients with low IGF-1 levels might be the cause of 

excessive GH secretion.48 To date, good animal model of HCV in-

fection has not been established, and it is difficult to measure the 

GH levels in serum for verification. Thirdly, it is very interesting to 

compare the expression of GHR and its downstream pathway 

among patients with chronic hepatitis C, patients with HCV-relat-

ed cirrhosis, and HCC patients with chronic hepatitis C. However, 

in this study, the HCV-related HCC tumors and ANT tissues were 

obtained from the patients with HCC resection, as we were not 

able to obtain the liver tissues from patients with chronic hepatitis 

C and those with HCV-related cirrhosis. Therefore, we could not 

check the expressions of GHR and its downstream pathway be-

tween patients with chronic hepatitis C and those with HCV-relat-

ed cirrhosis. Finally, the relationship between HCV-related down-

regulation of GHR expression and HCC development should be 

further investigated.

In this study, we revealed that GHR is down-regulated in tumor 

tissue in HCC patients with chronic hepatitis C and HCV-infected 

Huh7.5.1 cell models, which might contribute to HCC recurrence 

and survival. A lower tumor/ANT GHR expression ratio was asso-

ciated with a higher risk of HCC recurrence and mortality among 

HCC patients with chronic hepatitis C after surgical resection, in-

dicating that GHR might be a promising biomarker and a potential 

therapeutic target for HCC patients with chronic hepatitis C.
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Background/Aims: Nonalcoholic steatohepatitis (NASH) is a progressive form of nonalcoholic fatty liver disease 
(NAFLD) characterized by hepatic steatosis, inflammation, hepatocellular injury, and fibrosis. We aimed to investigate the 
usefulness of a key biomarker, lipocalin-2 (LCN2), for the detection of NASH progression.
Methods: A mouse NASH model was established using a high-fat diet and a high-sugar drinking water. Gene expression 
profile of the NASH model was analyzed using RNA sequencing. Moreover, 360 NAFLD patients (steatosis, 83; NASH, 277), 
40 healthy individuals, and 87 patients with alcoholic fatty liver disease were recruited.
Results: Inflammatory infiltration, focal necrosis in the leaflets, steatosis, and fibrosis were documented in the mouse 
liver. In total, 504 genes were differentially expressed in the livers of NASH mice, and showed significant functional 
enrichment in the inflammation-related category. Upregulated liver LCN2 was found to be significantly interactive with 
various interleukins and toll-like receptors. Serum LCN2 levels were significantly increased in NAFLD patients. Serum 
LCN2 levels were correlated with steatosis, intralobular inflammation, semiquantitative fibrosis score, and nonalcoholic 
fatty liver disease activity score. The area under the curve of serum LCN2 was 0.987 with a specificity of 100% and a 
sensitivity of 93.5% for NASH diagnosis, and 0.977 with almost the same specificity and sensitivity for steatosis.
Conclusions: LCN2 might be involved in the transition from NAFL to NASH by mediating inflammation. Serum LCN2 
levels might be a novel biomarker for the diagnosis of NASH. (Clin Mol Hepatol 2021;27:329-345)
Keywords: Nonalcoholic steatohepatitis; Nonalcoholic fatty liver disease; Lipocalin-2; Inflammation; Steatosis

Study Highlights
•   Lipocalin 2 (LCN2), a key molecule participating in transport of fatty acids or steroids, was increased along with progression of a murine NASH 

model. 
• Serum LCN2 levels were significantly elevated in subjects with steatosis and NASH in comparison to healthy controls. 
• Increased LCN2 levels were correlated with a number of biochemical, metabolic, and pathologic parameters of NASH initiation and progression.
•   The findings of this translational study shed new light on novel LCN2 as a valuable NAFLD biomarker, especially for the transition from NAFL to 

NASH.
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INTRODUCTION

As a leading cause of end-stage liver disease worldwide and 

the most common liver disorder in western countries, nonalcoholic 

fatty liver disease (NAFLD) is characterized by nonalcoholic fatty 

liver (NAFL), nonalcoholic steatohepatitis (NASH), and NASH-as-

sociated fibrosis and cirrhosis, affecting around 25% of the gen-

eral population, and causing a huge burden on society and indi-

viduals.1,2 NASH is an active stage of NAFLD and may progress 

with fibrosis to cirrhosis and hepatocellular carcinoma, which are 

the major causes of mortality in NAFLD patients.3 Lifestyle chang-

es and exercise are the cornerstones for improvement or reversion 

of NAFL to a normal liver. The clinical diagnosis of NAFLD mainly 

relies on imaging modalities after exclusion of other etiologies, 

such as viral infection, drug toxicity, alcohol abuse, or hereditary 

disorders such as Wilson disease.4 It is challenging to distinguish 

NASH from NAFL. The latter often does not need medical inter-

vention. Given that there are only slight to mild abnormalities in 

NAFLD biochemical tests, ultrasound is less sensitive for fatty 

content quantitation when a controlled attenuation parameter is 

used for determination and is often affected by other factors. A 

more reliable imaging modality is magnetic resonance imaging 

proton density fat fraction for steatosis quantification. However, 

the latter is largely used for research purposes and is unavailable 

for routine examination in regular hospitals. Due to the fact that 

current NASH diagnosis and progression monitoring strategies are 

based on the liver histopathology, focusing on steatosis, inflam-

mation, and necroptosis for the determination of the NAFLD ac-

tivity score (NAS), as well as fibrosis severity (F1–F4), liver biopsy 

still remains an inevitable means for the clinical diagnosis of 

NASH,5 despite its invasive nature, sampling variations, and dis-

crepancies between histology examiners. Thus, efficient, conve-

nient, and accurate new clinical tests are urgently needed for the 

clinical diagnosis and progression monitoring of NASH.

Delineating the molecular mechanisms underlying NASH initia-

tion and progression is a breakthrough in identifying novel diag-

nostic or therapeutic targets for the treatment of NASH. It is 

known that the dysregulation of certain genes plays important 

roles in the development of NAFLD or NASH, and novel biomark-

ers for clinical diagnosis are in high demand.6,7 Bioinformatics 

analysis is a commonly used method to screen for potential bio-

markers in various diseases. For example, based on bioinformatics 

analysis, Feng et al. 8 revealed novel core genes closely associated 

with NAFLD and the progression from NASH to hepatocellular 

carcinoma. Based on bioinformatics analysis and a text-mining 

approach, a 25-gene signature was identified to be dysregulated 

in NASH, and these genes were mainly involved in the transition 

from steatosis to NASH, which are involved in insulin resistance, 

inflammation, and lipid metabolism.9 Chemokine receptor-like 2 is 

differentially expressed in NASH, and its expression level is posi-

tively correlated with NAS and the extent of fibrosis in NASH pa-

tients.10 Therefore, Cenicriviroc is a specific antagonist for target-

ing CCR2/5 receptor, and is currently under phase III clinical trial 

for clinical use approval.11

In fact, the molecular investigation based on mouse NASH 

models further shortens the process of finding biomarkers in hu-

mans.12 Previous transcriptomic comparisons between different 

NASH mouse models and NASH patients have shown that high-

fat diet feeding-induced NASH is more similar to human NASH 

compared with other mouse models.13 In our previous study, a 

long-term (12 months) feeding high fat/calorie diet plus high fruc-

tose/glucose in drinking water (HFCD+HF/G) drinking water reca-

pitulated the pathophysiologic alternations from NAFL, NASH, fi-

brotic progression/early cirrhosis to premalignant transformation, 

and provided a full spectrum of metabolic, inflammatory, and fi-

brotic progression.14 Transcriptome sequencing was subsequently 

performed to further investigate potential NASH-related genes 

and their possible functions in the liver samples of this model. Li-

pocalin 2 (LCN2), a key gene that was significantly dysregulated 

in this NASH model, was identified from transcriptome analysis. 

The increased expression of LCN2 was further confirmed along 

with the progression of NASH, and serum LCN2 levels were found 

to be significantly elevated in subjects with steatosis and NASH, 

compared to that in healthy controls. The findings of this transla-

tional study shed new light on novel LCN2 as a valuable NAFLD 

biomarker, especially for the transition from NAFL to NASH.

MATERIALS AND METHODS

NASH mouse model and experimental design

In total, 30 male C57BL/6J mice (specified pathogen free  

grade, 25–28 g) were purchased from Nanjing Biomedical Re-

search Institute of Nanjing University (Nanjing, China). Mice were 

fed diet and water ad libitum in a standard feeding environment. 

All mice were divided into two groups: the HFCD+HF/G group 

(n=20) and the control group (n=10). Mice in the HFCD+HF/G 

group were fed a high-fat/calorie diet with 60% kcal derived from 

fat (cat. no. D12492i, Research Diets, New Brunswick, NJ, USA) 
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and drinking water with 42 g/L D-fructose/D-glucose (55% fruc-

tose and 45% glucose) (Sigma-Aldrich, St. Louis, MO, USA).15 

Meanwhile, mice in the control diet group were given the stan-

dard pellet chow diet of 12% kcal from fat, as well as water. All 

animals were weighed weekly. Mice were sacrificed at 5, 9, and 

12 months of feeding via anesthesia with sodium pentobarbital 

(anesthetic dosage: 60 mg/kg). Blood samples were collected 

from the orbital sinus, followed by the serum, obtained using cen-

trifugation. Subsequently, all mice were sacrificed via cervical dis-

location, and the liver tissue was excised and separated into three 

parts: 1) formalin fixation and paraffin embedding, 2) total RNA 

extraction (TRIzol reagent [Ambion, Carlsbad, CA, USA]; 1 mL), 

and 3) cryopreservation (-80°C). The animal experimental proto-

col was approved by the animal ethics committee of Fudan Uni-

versity School of Basic Medical Sciences, and all experimental 

procedures were in compliance with the Guidelines for the Care 

and Use of Laboratory Animals published by the US National Insti-

tutes of Health.

Histopathological analysis

The liver sections from all groups were examined for inflamma-

tory infiltration, necrosis, liver fibrosis, and steatosis. Paraffin-em-

bedded sections were stained using hematoxylin and eosin (H&E) 

and Masson’s trichrome for microscopic examination. Oil red O 

staining was performed to evaluate hepatic steatosis. In brief, the 

liver sections were fixed using 60% isopropanol, and stained us-

ing 0.3% Oil red O. Gill’s hematoxylin was used for counterstain-

ing after washing with 60% isopropanol. Finally, after washing 

with a 4% acetic acid solution, the sections were mounted using 

an aqueous solution. Sections were visualized at a ×200 magnifi-

cation (H&E staining) and a ×400 magnification (Oil red O stain-

ing) using a Nikon Eclipse E600 microscope (Nikon, Kawasaki, Ja-

pan). 

RNA-sequencing for transcriptome and 
bioinformatics analysis

Total RNA from the liver tissues of the three NASH and three 

control mice at 12 months of feeding was extracted using TRIzol 

reagent and was examined using a spectrophotometer (Foss NIR-

Systems 6500; FOSS NIRSystems, Inc., Laurel, MD, USA). More-

over, the NEBNext® Ultra™ DNA Library Prep Kit for Illumina® 

(New England Biolabs, Inc., Ipswich, MA, USA) was used to con-

struct the RNA-seq library. Finally, the Illumina Hiseq 4000 plat-

form (PE150, San Diego, CA, USA) was used for sequencing data 

collection. The fragments per kilobase million data from the tran-

scriptome sequencing samples were used as the original data. 

Sample quality and read numbers were assessed using FASTQC 

(version 0.11.5; Babraham Institute, Cambridge, UK).16 Clean reads 

were obtained by filtering the joint and low-quality sequences 

from all the generated raw data. Subsequently, clean reads were 

aligned to the reference genome using default parameters. Differ-

ential expression analysis of the genes between the HFCD+HF/G 

and the control diet groups was performed using DEseq,17 and the 

differentially expressed genes (DEGs) with a |log2-fold change 

(FC)| >2 and a P<0.05 were screened. Heatmap (1.0.12) and gg-

plot2 (3.2.1) were used to plot the heat map and volcano plot, re-

spectively. Functional enrichment analysis was performed using 

ClusterProfiler (3.12.0)18 using the R package to analyze the DEGs 

related to Gene Ontology functional terms. Protein-protein inter-

action (PPI) were retrieved from Search Tool for the Retrieval of 

Interacting Genes (STRING, http://string-db.org) database19 with a 

combined score >0.4, and the PPI network was visualized using 

Cytoscape software (http://cytoscape.org/).20

Quantitative reverse transcription polymerase chain 
reaction (qRT-PCR) assay

Total liver RNA was reverse transcribed to cDNA using the 

Prime-Script RT reagent kit (cat. no. RR037A; Takara, Tokyo, Ja-

pan). Power SYBR green PCR Master Mix (applied Biosystems, 

Foster City, CA, USA) using an Eppendorf realplex cycler (Eppen-

dorf International, Hamburg, Germany) was used for the amplifi-

cation of qRT-PCR and performed in triplicates. Human GAPDH 

was used as the internal reference gene (cat No: b661304, SAN-

GON Biotechnology Co., Ltd., Shanghai, China), and the remain-

ing primers were designed according to the primer 3.0 online tool 

and synthesized by SANGON Biotechnology (Supplementary Table 

1). The PCR program was performed under the following cycling 

conditions: 95°C for 10 minutes (activation of Taq enzyme), 40 

cycles of 95°C for 15 seconds, and 60°C for 1 minute. The relative 

expression of genes was calculated using the 2-ΔΔCt method.

Western blot analysis

Protein extraction was performed using RIPA Lysis Buffer, fol-

lowed by quantitation using a bicinchoninic acid assay kit (Thermo 

Scientific, Rockford, IL, USA). Denatured protein (40 μg) was sep-

arated using sodium dodecyl sulfate-polyacrylamide gel electro-
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phoresis, transferred onto a polyvinylidene fluoride membrane 

(Millipore, Billerica, MA, USA), and then blocked in 5% non-fat 

milk (with a Tris-HCl-buffered saline solution) for 1.5 hours. After 

incubation overnight (4°C) with the primary antibody (cat no: 

ab187370, 1:300; Abcam, Cambridge, MA, USA), the SAB goat 

anti-rabbit IgG secondary antibody (horseradish peroxidase [HRP] 

conjugated, cat no: L3012-2, 1:6,000) was used for all samples at 

room temperature for 1 hour. Finally, all results were visualized 

using the enhanced chemiluminescence kit (Millipore) and a che-

miluminescent imaging system.

Immunohistochemical staining

The liver sections were deparaffinized, rehydrated, and pre-

treated with citrate buffer (10 mM sodium citrate; pH 6.0) to un-

mask the antigen. After washing with phosphate buffered saline 

(PBS), sections were incubated with H2O2 (0.3%) for 30 minutes 

to block the endogenous peroxidase activity and then blocked 

with 3% bovine serum albumin at room temperature to avoid 

nonspecific binding of the primary antibody, followed by incuba-

tion with a primary anti-LCN2 antibody (1:300; cat No: ab187370; 

Abcam) at 4°C overnight. After washing with PBS three times, 

sections were incubated with the HRP-conjugated secondary anti-

body for 2 hours at room temperature. 3,3-Diaminobenzidine 

chromogenic reagent was added and the sections were incubated 

for 2 hours at room temperature. Sections were then counter-

stained with hematoxylin, rinsed, and air-dried. After sealing with 

a neutral resin, the sections were examined under a fluorescent 

microscope (TE2000-E; Nikon Corporation, Tokyo, Japan). Ten 

randomly chosen fields were photographed under a ×400 magni-

fication and were analyzed using ImageJ software (National Insti-

tutes of Health).

Patient demographic information 

Patients (n=360, aged >18 years) who were diagnosed with 

NAFLD, including 83 cases of steatosis and 277 cases of NASH, 

were continuously recruited from the First Affiliated Hospital of 

Wenzhou Medical University. NASH patients were diagnosed 

based on the practice guidelines from the American Association 

for the Study of Liver Diseases (AASLD).21 In the AASLD guide-

lines, NASH is defined as the presence of >5% hepatic steatosis 

with inflammation and hepatocyte ballooning degeneration, with 

or without any fibrosis. Nonalcoholic hepatic steatosis, also 

known as simple steatosis (NAFL), is an early manifestation of 

NAFLD, in which macrovesicular or predominant macrovesicular 

steatosis involves more than 5% of hepatocytes and may be ac-

companied by mild nonspecific inflammation.22 All patients with 

NAFLD were pathologically confirmed using the liver biopsy. Pa-

tients who met the following criteria were excluded: 1) alcohol 

consumption of more than 20 g/day; 2) patients with viral hepati-

tis B or C, autoimmune hepatitis, primary biliary cholangitis, or 

Wilson’s disease; 3) long time consumption of nonsteroidal anti-

inflammatory drugs, calcium antagonists, tamoxifen, amiodarone, 

corticosterone, isoniazid, or methotrexate; 4) pregnant or lactat-

ing women; and 5) patients with liver cancer or other benign/ma-

lignant tumors. Additionally, a total of 40 healthy individuals and 

59 cases of alcoholic fatty liver disease (AFLD) patients were re-

cruited for additional control and verification. All recruited indi-

viduals agreed to participate in the study and provided written in-

formed consent for the liver biopsy, collection of clinical samples, 

and other information. The study was approved by the Ethics 

Committee of the First Affiliated Hospital of Wenzhou Medical 

University (no. 20190023, vote: 32/38).

Measurement of serum and urine LCN2 and other 
clinical parameters

Blood (2,000 rpm) and urine samples (1,000 rpm) were centri-

fuged for 10 minutes. The supernatant was collected, and serum 

LCN2 and urine LCN2 levels were measured using an up-convert-

ing phosphor-technology-based lateral flow assay. Body mass in-

dex (BMI) was calculated as weight (kg)/height in meters squared. 

The serum levels of total cholesterol, total bilirubin, high-density 

lipoprotein (HDL) cholesterol, low-density lipoprotein (LDL) cho-

lesterol, alanine aminotransferase (ALT), aspartate aminotransfer-

ase (AST), and γ-glutamyltransferase (γ-GT) were detected using 

an automated analyzer (AU680, Beckman Coulter, Chaska, MN, 

USA) using standard methods. 

Statistical analysis

SPSS ver. 19.0 (SPSS Inc., Chicago, IL, USA) software was used 

to perform all statistical analyses in the current study. Quantita-

tive data were assessed for normality using the Shapiro-Wilk test. 

If continuous variables were conformed to a normal distribution, 

data were expressed as mean±standard deviation, followed by 

analysis of the difference using a t  test (between two groups) and 

one-way analysis of variance (among more than two groups); if 

not, data were presented as the median (interquartile range) and 
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Figure 1. Establishment of a NASH mouse model induced by a high-fat and high-sugar diet. C57BL/6J mice were fed a control diet (control group) or 
a high-fat/calorie diet+high fructose/glucose drinking water (HFC+HF/G group) for 12 months. (A) Pathological examination using H&E staining 
showed the change of mice liver tissues from 5 months to 12 months between the control group and the HFC+HF/G group. Images were captured at 
the original magnification (×200). Scale bars=50 μm. (B) Oil red O staining showed the adipocyte changes in mice from 5 months to 12 months be-
tween control the group and the HFC+HF/G group. Images were captured at the original magnification (×400). Scale bars=50 μm. (C) Masson’s tri-
chrome staining showed the liver fibrosis differences of mice from 5 months to 12 months between the control group and the HFC+HF/G group. Im-
ages were captured at the original magnification (×200). H&E, hematoxylin and eosin; HFCD+HF/G, high fat/calorie diet plus high fructose/glucose in 
drinking water; ORO, oil red O; NASH, nonalcoholic steatohepatitis.
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their differences were compared using the Mann-Whitney U test 

(between two groups) and Kruskal-Wallis (H) test (among more 

than two groups). A P<0.05 was considered statistically signifi-

cant. Qualitative data were expressed in the form of number (%), 

and the differences between groups were compared using the 

chi-square test. Univariate logistic regression analysis was per-

formed on the variables with significant differences compared 

with the baseline information, and variables with statistical signif-

icance in univariate logistic regression were further included in 

the multivariate stepwise regression model. The diagnostic value 

of potential NASH-related genes for NAFLD (steatosis and NASH) 

was evaluated via analysis of the area under the receiver operat-

ing characteristic (ROC) curve (AUC), specificity, and sensitivity. A 

two-sided P<0.05 was selected as the cut-off value for significant 

analysis. 

RESULTS

Mouse NASH model establishment

After 12 months of HFCD+HF/G feeding, a NASH model with 

severe fibrosis was successfully established (Fig. 1). H&E staining 

indicated that HFCD+HF/G-fed mice showed inflammatory cell in-

Figure 2. Results of transcriptome analysis. (A) Heatmap of DEGs in NASH mice vs. normal mice. (B) Volcano plot of DEGs in NASH mice vs. normal 
mice. (C) The significantly enriched Gene Ontology functional terms for DEGs. (D) Visualized PPI network showed the interactions between LCN2 and 
its associated DEGs. HFCD+HF/G, high fat/calorie diet plus high fructose/glucose in drinking water; LCN2, lipocalin2; GO_BP, general odorant binding 
protein; DEGs, differentially expressed genes; NASH, nonalcoholic steatohepatitis.
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Figure 3. Expression of LCN2 determined using qRT-PCR, Western blotting, and immunohistochemistry. (A) The expression of LCN2 in the liver tissues 
of mice in the HFC+HF/G group detected using qRT-PCR at months 5, 9, and 12. (B) The expression of LCN2 in the liver tissues of mice in the HFC+HF/G 
group detected using western blot at month 12. (C) Immunohistochemical staining and its quantitative statistics showed the expression of LCN2 in 
the liver tissues of patients with steatosis (low pathological score) and NASH (high pathological score). H&E staining showed the pathological changes 
of patients with steatosis and NASH. LRP2, low-density lipoprotein receptor related protein 2; HFCD+HF/G, high fat/calorie diet plus high fructose/glu-
cose in drinking water; H&E, hematoxylin and eosin; NASH, nonalcoholic steatohepatitis; qRT-PCR, quantitative reverse transcription polymerase chain 
reaction. *P<0.01 when compared with the control group. 
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filtration, focal necrosis in the leaflets, ballooning cells and binu-

clear cells, and fibrosis (Fig. 1A). Oil red O staining showed exten-

sive red lipid droplet deposition in the cytoplasm of HFCD+HF/G-

fed mice, suggesting that mice in the HFCD+HF/G group exhibited 

severe hepatic steatosis (Fig. 1B). Moreover, Masson’s staining 

showed progressive fibrosis with characteristics of early cirrhosis 

in mice in the HFCD+HF/G group (Fig. 1C). In addition, our previ-

ous studies have verified that feeding HFC diet plus HF/G resulted 

in severe obesity, impaired liver function, glucose intolerance, in-

sulin resistance and steatohepatitis with significant necroptotic in-

flammation.14

Analysis of RNA-sequencing transcriptome data

In order to investigate the potential molecular mechanisms un-

derlying NASH, RNA-sequencing was performed. In total, 504 

genes were differentially expressed in HFCD+HF/G-fed mice in 

comparison with control diet-fed mice, of which 328 genes were 

upregulated, whereas 176 were down-regulated (Supplementary 

Data 1). The heatmap of DEGs indicated that they could obviously 

distinguish HFCD+HF/G-fed mice from control diet-fed mice  

(Fig. 2A). The volcano plot revealed that DEGs were significantly 

divided into upregulated and downregulated genes (Fig. 2B). 

These DEGs were significantly enriched in different biological pro-

cesses such as inflammation, including leukocyte migration, cell/

leukocyte chemotaxis, leukocyte cell-cell adhesion, positive regu-

lation of defense response, and tumor necrosis factor superfamily 

cytokine production (Fig. 2C). These results suggested that 

HFCD+HF/G-fed mice might possess more inflammatory respons-

es than that in control diet-fed mice.

LCN2 encodes a neutrophil gelatinase-associated lipocalin that 

functions in innate immunity and has recently been reported as a 

novel player in inflammation.23 In the current study, LCN2 expres-

sion was significantly upregulated (fold change=28.60; log2-

Figure 4. Serum and urinary LCN2 levels in patients. (A) Serum LCN2 levels in healthy individuals, patients with steatosis, and NASH, (B) serum LCN2 
levels in NAFLD and AFLD, (C) urinary LCN2 levels in healthy individuals and NAFLD patients. (D) ROC curve of serum LCN2 for the diagnosis of NASH. 
(E) ROC curve of serum LCN2 for the diagnosis of steatosis. LRP2, low-density lipoprotein receptor related protein 2; NASH, nonalcoholic steatohepati-
tis; NS, no significance; AFLD, alcoholic fatty liver disease; NAFLD, nonalcoholic fatty liver disease; AUC, area under receiver operating characteristic 
curve; CI, confidence interval. *P<0.05. †P<0.001.
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Table 1. Baseline information of enrolled NAFLD patients and participants

Factor
NASH group  

(n=277)
Steatosis group  

(n=83)
Control group  

(n=40)
F/χ2 P-value

Age (years) 39.92±11.99* 45.07±12.09 41.43±11.48 5.936 0.003

Height 168.06±8.16 166.78±7.80 168.25±6.84 0.885 0.413

Weight 76.49±14.07*,† 70.18±10.12† 61.35±11.00 27.227 <0.001

BMI (kg/m2) 26.95±3.65*,† 25.16±2.59† 21.50±2.51 49.593 <0.001

Sex 4.199 0.123

Female 73 (26.4) 18 (21.7) 16 (40.0)

Male 204 (73.6) 65 (78.9) 24 (60.0)

Blood LCN2 85.20 (64.24, 107.25)*,† 66.25(47.18, 88.66)† 32.32 (24.80, 41.00) 98.909 <0.001

Total bilirubin 13.0 (10.0, 17.0) 12.0 (10.0, 15.0) 12.0 (9.0, 14.0) 4.734 0.094

Direct bilirubin 5.0 (4.0, 6.0) 4.0 (4.0, 6.0) 5.0 (4.0, 6.0) 0.646 0.724

Indirect bilirubin 8.0 (6.0, 11.0)† 7.0 (6.0, 9.0) 7.0 (4.3, 10.0) 6.926 0.031

Total cholesterol 5.09 (4.36, 5.89)*,† 4.67 (3.93, 5.41)† 4.17 (3.87, 4.43) 36.283 <0.001

Triglyceride 1.92 (1.45, 2.81)*,† 1.72 (1.22, 2.33)† 1.24 (0.89, 1.40) 52.112 <0.001

HDL cholesterol 0.99 (0.87, 1.16)† 1.00 (0.87, 1.12)† 1.16 (0.99, 1.41) 14.031 0.001

LDL cholesterol 3.16 (2.43, 3.75)† 2.83 (2.38, 3.38)† 2.31 (1.86, 2.72) 35.46 <0.001

Total protein 78.0 (74.2, 80.9)*,† 76.0 (72.6, 78.9) 76.6 (72.0, 80.4) 11.227 0.004

Albumin 46.8 (44.4, 49.0)* 45.1 (42.6, 47.6) 46.1 (43.4, 48.3) 12.679 0.002

Alanine aminotransferase 60.0(36.5, 107.5)*,† 40.0 (23, 70.0)† 23.0 (17.3, 26.8) 81.829 <0.001

Aspartate aminotransferase 38.0 (27.0, 61.0)*,† 30.0 (23.0, 41.0)† 22.0 (20.0, 25.0) 68.2 <0.001

Gluten and aspartate ratio 1.54 (1.20, 1.92)*,† 1.27 (0.90, 1.60)† 1.04 (0.88, 1.04) 53.983 <0.001

Alkaline phosphatase 81.0 (69.0, 99.0)† 77.0 (66.0, 96.0) 79.0 (63.0, 92.5) 1.514 0.469

Glutamyl transferase 53.0 (34.0, 86.5)† 44.0 (26.0, 80.0)† 22.0 (16.0, 28.0) 69.365 <0.001

Glucose 5.2 (4.8, 6.0)† 5.2 (4.7, 6.4)† 4.7 (4.3, 5.1) 26.752 <0.001

Urea nitrogen 4.6 (3.9, 5.4)*,† 4.9 (4.2, 6.0) 5.2 (4.4, 5.8) 10.391 0.006

Creatinine 67.0 (56.5, 75.5)* 71.0 (63.0, 79.0)† 64.5 (56.3, 73.5) 7.9 0.019

Fasting insulin 111.0 (78.6, 156.3)*,† 78.3 (52.6, 120.4)† 14.8 (12.3, 19.3) 117.623 <0.001

Steatosis 193.87 <0.001

<5% 0 (0.0)† 0 (0.0)† 40 (100.0)

5–33% 91 (32.9)*,† 55 (66.3)† 0 (0.0)

34–66% 119 (43.0)* 21(25.3) 0 (0.0)

>66% 67 (24.1)* 7 (8.4) 0 (0.0)

Balloon-like change 400 <0.001

Non 0 (0.0)*,† 83 (100.0) 40 (100.0)

Rare 214 (77.3) 0 (0.0) 0 (0.0)

Common 63 (22.7) 0 (0.0) 0 (0.0)

Intralobular inflammation 309.593 <0.001

Non 0 (0.0)*,† 80 (96.4)† 40 (100.0)

<2 under 20× 198 (71.5) 3 (3.6) 0 (0.0)

2–4 under 20× 72 (26.0) 0 (0.0) 0 (0.0)

>4 under 20× 7 (2.5) 0 (0.0) 0 (0.0)
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FC=4.84; P=0.000226) in HFCD+HF/G-fed mice. Further, the in-

teractions between LCN2 and other genes were screened using 

the STRING database, and the PPI network is shown in Figure 2D. 

It appears that LCN2 may interact with various interleukins (such 

as interleukin [IL]1R2, IL3, IL6, IL18, and IL17A), leptin, cadherin 1, 

LDL receptor related protein 2, and toll-like receptors (TLR2 and 

TLR4), or may be involved in the cascades of these inflammatory 

responses. Therefore, LCN2 might be a key molecule in the in-

flammatory and immune responses during NASH development 

and progression, although details of its molecular interplay remain 

to be elucidated.

Validation of LCN2 expression in NASH mouse model

The upregulated LCN2 expression was confirmed in the liver tis-

sues of NASH mice using both qRT-PCR and Western blotting 

analysis (Fig. 3A, B). Compared to the control diet-fed mice, LCN2 

expression at the mRNA level significantly increased in HFCD+HF/

G-fed mice, and there was a statistically significant increase in 

LCN2 expression from 5 to 12 months (Fig. 3A). LCN2 expression 

at the protein level was upregulated in NASH mice at the time of 

sacrifice, compared to that in control mice (Fig. 3B). This was con-

sistent with the results from the transcriptome data.

Measurement of serum LCN2 levels in different 
groups of patients

In the present study, 360 NAFLD patients, 40 healthy individu-

als, and 59 AFLD patients were enrolled. Based on the definitions 

for both steatosis and NASH described in the methods, the NAFLD 

patients were divided into steatosis (n=83) and NASH groups 

(n=277), and representative micrographs of their liver sections 

stained with H&E are shown in Figure 3C. LCN2 expression in the 

liver tissues of patients with steatosis and NASH was also deter-

mined using immunohistochemical staining. Morphometrically, 

LCN2 stained-positive area was significantly increased in both 

steatosis and NASH groups, compared to that in healthy individu-

als (Fig. 3C).

There was a significant elevation in serum LCN2 levels in both 

steatosis and NASH groups compared to healthy individuals (con-

trols), and NASH patients had the highest serum LCN2 levels 

among these groups (Fig. 4A), suggesting that the serum LCN2 

levels might be elevated along with the NAS and pathological pa-

rameters, such as steatosis, ballooning degeneration, intralobular 

inflammation and fibrosis. There was no significant difference in 

the serum LCN2 levels between the NAFLD and AFLD groups (Fig. 

4B). Moreover, there was no significant difference in urinary LCN2 

levels between NAFLD and healthy individuals (Fig. 4C).

Multivariate analysis of serum LCN2 levels with other 
parameters

The demographic information of 360 NAFLD patients (including 

83 steatosis and 277 NASH patients) and 40 healthy individuals is 

shown in Table 1. There were significant differences in the serum 

LCN2 levels and in multiple clinical characteristics between NAFLD 

patients and healthy individuals. Of note, there were no signifi-

cant differences in total bilirubin, direct bilirubin, indirect bilirubin, 

HDL cholesterol, LDL cholesterol, alkaline phosphatase, glutamyl 

transferase and glucose between NASH and steatosis patients. 

Factor
NASH group  

(n=277)
Steatosis group  

(n=83)
Control group  

(n=40)
F/χ2 P-value

Fibrosis classification 80.99 <0.001

0 94 (34.0)*,† 81 (97.6)† 40 (100.0)

1 130 (47.0) 2 (2.4) 0 (0.0)

2 45 (16.2) 0 (0.0) 0 (0.0)

3 7 (2.5) 0 (0.0) 0 (0.0)

4 1 (0.3) 0 (0.0) 0 (0.0)

Values are presented as mean±standard deviation, median (interquartile range), or number (%).
P<0.05 was considered to be significant different.
NAFLD, nonalcoholic fatty liver disease; NASH, nonalcoholic steatohepatitis; BMI, body mass index; LCN2, lipocalin-2; HDL, high density lipoprotein; LDL, low 
density lipoprotein.
*P<0.05 by compared to steatosis.
†P<0.05 by compared to control.

Table 1. Continued
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NASH patients exhibited significant differences from steatosis pa-

tients in many biochemical, metabolic, and pathologic variables, 

such as serum LCN2 level, total cholesterol, total protein, albumin, 

ALT, AST, AST/ALT, glutamyl transferase, urea nitrogen, fasting in-

sulin, steatosis, ballooning change, intralobular inflammation, and 

fibrosis extent (Table 1). 

The variables with statistical significance between NAFLD and 

healthy individuals in Table 1 were included in the univariate lo-

gistic regression analysis. The results showed that serum LCN2, 

BMI, weight, total cholesterol, triglycerides, LDL cholesterol, HDL 

cholesterol, ALT, AST, AST/ALT, glutamyl transferase, glucose, 

fasting insulin and indirect bilirubin were all associated with 

NAFLD (all P<0.05, Table 2). Furthermore, these variables were 

included in the multivariate stepwise regression model. It is in-

triguing that three of them, including serum LCN2 level (P<0.001), 

BMI (P=0.001), and LDL cholesterol (P=0.002), were positively 

correlated with NAFLD (Table 2). The area under the ROC curve 

(AUC) of serum LCN2 level for diagnosis of NASH was 0.987 with 

a specificity of 100% and a sensitivity of 93.5% (Fig. 4D). Accord-

ing to the ROC curve, the optimal cut-off value of LCN2 for the di-

agnosis of NASH was ≥49.205 g/mL (Supplementary Data 2). The 

false positive and false negative rates of serum LCN2 level for the 

diagnosis of NASH were 0% and 6.5%, respectively. The area un-

der the ROC curve (AUC) of serum LCN2 level was 0.977 with a 

specificity of 100% and a sensitivity of 91.6% for the diagnosis of 

steatosis (Fig. 4E). According to the ROC curve, the optimal cut-

off value for diagnosis of steatosis was ≥48.81 ng/mL (Supple-

mentary Data 2). The false positive and false negative rates of se-

rum LCN2 level for the diagnosis of steatosis were 0% and 8.4%, 

respectively. The low false positive and false negative rates con-

firmed the high diagnostic value of serum LCN2 in both NASH and 

steatosis.

Furthermore, correlation coefficient analysis was performed to 

determine whether the serum LCN2 levels alter along with the 

pathologic components of NASH diagnosis in both NASH and ste-

atosis groups. In the NASH group, the serum LCN2 levels showed 

Table 2. Univariate logistic regression analysis and multivariate stepwise regression analysis

Factor
Univariate analysis Multivariate analysis

OR (95% CI) P-value OR (95% CI) P-value

Serum LCN2 1.172 (1.118, 1.229) <0.001 1.261 (1.126, 1.413) <0.001

BMI 1.936 (1.606, 2.333) <0.001 2.779 (1.505, 5.131) 0.001

LDL cholesterol 3.394 (2.139, 5.386) <0.001 8.762 (2.177, 35.270) 0.002

Alanine aminotransferase 1.113 (1.070, 1.157) <0.001

Weight 1.111 (1.072, 1.150) <0.001

Total cholesterol 2.393 (1.646, 3.481) <0.001

Triglyceride 11.645 (4.835, 28.050) <0.001

HDL cholesterol 0.067 (0.016, 0.276) <0.001

Aspartate aminotransferase 1.195 (1.114, 1.283) <0.001

Gluten and aspartate ratio 14.905 (5.617, 39.548) <0.001

Glutamyl transferase 1.135 (1.086, 1.186) <0.001

Glucose 3.633 (2.009, 6.573) <0.001

Fasting insulin 1.373 (1.163, 1.620) <0.001

Indirect bilirubin 1.126 (1.018, 1.246) 0.021

Total protein 1.049 (0.986, 1.115) 0.131

Urea nitrogen 0.881 (0.720, 1.079) 0.220

Creatinine 1.011 (0.988, 1.035) 0.347

Albumin 1.024 (0.948, 1.107) 0.546

Age 0.998 (0.971, 1.025) 0.875

OR, odds ratio; CI, confidence interval; LCN2, lipocalin-2; BMI, body mass index; LDL, low density lipoprotein; HDL, high density lipoprotein.
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moderate positive correlations with steatosis, balloon-like change, 

intralobular inflammation, fibrosis classification and the NAS 

score (Fig. 5A-E). Similar results were observed in the steatosis 

group, in which the serum LCN2 levels were positively correlated 

with steatosis, intralobular inflammation, fibrosis classification 

and the NAS score (Fig. 5F-I). These data indicate that the serum 

LCN2 level might be a valuable biomarker that could potentially 

reflect the transition from NAFL to NASH and fibrotic progression.

DISCUSSION

NASH is a progressive stage of NAFLD characterized by liver 

steatosis, inflammation, hepatocellular necroptosis and different 

extent of fibrosis.24 Elucidation of the mechanism by which inflam-

mation is triggered and contributes to the transition from NAFL to 

NASH is a major issue in clinical practice. Through long-term 

HFCD+HF/G feeding, a unique murine model of pathophysiologic 

transition from NAFL to NASH, and further fibrotic progression 

was re-established.14 Through transcriptome analysis of a signifi-

cantly differential gene pool, LCN2 was identified to be elevated 

over time during this transition and progression. Its association 

with inflammatory and innate immunity (e.g., leukocyte migration 

and cell/leukocyte chemotaxis) is well indicated by complex inter-

actions with various interleukins (e.g., IL-6 and IL-17A) and toll-

like receptors (TLR-2 and TLR-4). Moreover, the serum LCN2 levels 

Figure 5. Correlation of the serum LCN2 level with the pathologic components of NASH diagnosis in the NASH group and the steatosis group. The 
correlation plot of the serum LCN2 level with steatosis (A), balloon-like change (B), intralobular inflammation (C), fibrosis classification (D), and NAS score 
(E) in the NASH group; the correlation plot of serum LCN2 level with steatosis (F), intralobular inflammation (G), fibrosis classification (H), and NAS score 
(I) in the steatosis group. LRP2, low-density lipoprotein receptor related protein 2; NAS, nonalcoholic fatty liver disease activity score; NASH, nonalco-
holic steatohepatitis.
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significantly increased in NAFLD patients and correlated with ste-

atosis, intralobular inflammation, fibrosis extent and NAS in the 

present study.

LCN2 encodes a neutrophil gelatinase-associated lipocalin that 

functions in innate immunity and is thought to be a novel player 

in inflammation.23 Ye et al. 25 showed that elevated circulating 

LCN2 levels in NASH patients and mouse models were correlated 

with increased neutrophil infiltration and aggravated steatohepa-

titis by facilitating the neutrophil-macrophage crosstalk by induc-

ing chemokine receptor CXCR2. Elevated LCN2 levels have been 

found to be correlated with hepatic inflammation in NAFLD pa-

tients.26 However, extensive studies are unavailable to determine 

how LCN2 levels alter along with the transition from NAFL to 

NASH, and how it further progresses to severe fibrosis in long-

term lipotoxicity conditions. The histopathologic and RNA-seq 

findings from our well-characterized HFCD+HF/G-fed mice re-

vealed that LCN2 might be involved in inflammatory and innate 

immunity functions through interaction with various interleukins 

(e.g., IL6 and IL17A) and toll-like receptors (TLR2 and TLR4). TLRs 

are highly conserved proteins that function in the activation of in-

nate immunity.27 TLR signaling is activated in NAFLD, resulting in 

an increase in proinflammatory cytokines and other downstream 

molecules.28 Arrese et al. 29 reported that innate immune activa-

tion was considered a major factor in triggering and aggravating 

hepatic inflammation in the transition from NAFL to NASH. More-

over, resident Kupffer cells and microphages from circulation that 

respond to liver injury could release cytokines, chemokines and 

other pro-inflammatory signals, which promote hepatocellular 

necroptosis; in turn, injured hepatocytes release damage-related 

molecules to further amplify the inflammatory responses by acti-

vating the innate immune system.30,31 Therefore, it is speculated 

that LCN2 might play an important role in the transition from 

NAFL to NASH by activating innate immunity, which in turn facili-

tates inflammatory responses. Physiologically as a lipocalin, LCN2 

transports small hydrophobic molecules, such as fatty acids and 

steroids.32 LCN2 was found to be associated with steatosis by me-

diating lipid homeostasis.33 Growing evidence has demonstrated 

that an increased LCN2 expression in adipose tissue may prevent 

functional deterioration of adipocytes due to aging, liver lipid ac-

cumulation, and steatosis.34 However, published investigations are 

mostly at a pilot scale, and no series of investigations are avail-

able to determine whether serum LCN2 is able to distinguish 

healthy individuals from NAFL or NASH patients. In the present 

study with a sufficient patient number in each group, serum LCN2 

level significantly increased in NAFLD (NASH and steatosis) pa-

tients, and correlated with steatosis, intralobular inflammation, 

and the extent of fibrosis. Therefore, we speculate that LCN2 may 

be involved in NAFLD development by affecting lipid homeostasis 

and the formation of hepatic inflammation and steatosis.

Liver biopsy is an invasive method used for the diagnosis of liver 

diseases, and bears sampling difference and discrepancy in histo-

logical evaluation.35 However, it is required for pathologic deter-

mination of the progression and regression of NASH or fibrosis 

when pharmacotherapeutic interventions are considered.36 As 

demonstrated in the demographic data of the present study, bio-

chemical tests did not show dramatic differences between NAFL 

and NASH. In fact, there is no reliable surrogate marker available 

so far to facilitate the monitoring of the progression from NAFL to 

NASH, or regression due to lifestyle changes or pharmacological 

invention. Therefore, it is of great significance to develop noninva-

sive and valuable biomarkers for the clinical diagnosis of NAFLD. 

Previous studies have indicated that the serum LCN2 level may be 

used as a diagnostic marker for various diseases, including 

colorectal cancer and cholangiocarcinoma.37,38 However, based on 

a rat model that was induced via a fructose-enriched diet, an ele-

vated LCN2 level was suggested to be a biomarker for fructose-

induced fatty liver,39 which is supported by the fact that LCN2 ex-

pression is indicative of pathological conditions, including hepatic 

steatosis and inflammation.40 Largely in consistence, our animal 

model of well-characterized NASH with fibrosis progression indi-

cates that the liver LCN2 was increased along with the transition 

from NAFL to NASH and further fibrotic progression. More con-

vincingly, the LCN2 levels were progressively elevated, along with 

the transition from healthy individuals to NAFL, and further pro-

gression to NASH in this observation, in which all NAFLD subjects 

were pathologically confirmed. The AUC of the serum LCN2 level 

was 0.987 with a specificity of 100% and a sensitivity of 93.5% 

for the diagnosis of NASH, and was 0.977 with a specificity of 

100% and a sensitivity of 91.6% for the diagnosis of steatosis. 

The false positive and false negative rates of serum LCN2 for the 

diagnosis of NASH were 0% and 6.5%, respectively, and those 

for diagnosis of steatosis were 0% and 8.4%, respectively. Given 

a high diagnostic value of serum LCN2 levels, it is promising that 

the serum LCN2 level might be a valuable biomarker for the clini-

cal diagnosis of patients with NAFL and NASH progression.

Notably, BMI and LDL cholesterol were risk factors of NAFLD as 

suggested by the results of multivariate logistic regression analysis 

in the present study. A community-based retrospective longitudi-

nal cohort study revealed that BMI is the most useful predictive 

factor for the onset of NAFLD.41 Min et al.42 demonstrated that a 
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dysregulation of the cholesterol metabolism is correlated with the 

severity of NAFLD. Furthermore, correlation analysis demonstrated 

that the serum LCN2 levels were positively correlated with multi-

ple clinical indicators, such as ALT, creatinine, fasting insulin, ste-

atosis, intralobular inflammation, fibrosis grade and NAS; howev-

er they were negatively correlated with HDL cholesterol. The 

serum ALT value is widely used as a surrogate marker of liver inju-

ry, however patients with NAFLD may have normal ALT values but 

display significant steatohepatitis and advanced fibrosis.43 A lower 

ratio of creatinine to body weight was confirmed to be a predictor 

of the incidence of NAFLD.44,45 A simple clinical scoring system, 

including fasting insulin, has been shown to have sufficient accu-

racy and simplicity in predicting NASH in NAFLD patients.46 Ste-

atosis, intralobular inflammation, fibrosis grade, and NAS are 

common indicators of the severity of NAFLD. Although the rela-

tionship between the serum LCN2 level and these clinical indica-

tors has not been fully clarified, based on their correlation and the 

value of these clinical indicators in NAFLD, we speculate that the 

combination of serum LCN2 level with these clinical indicators will 

better predict the onset and severity of NAFLD.

As most clinical studies, there were some limitations in this 

study. First, it lacks a case-control observation in a large cohort 

size to verify the value of LCN2 in the diagnosis of NASH. Second, 

the exact biological function of LCN2 and the intersections be-

tween LCN2 and other key genes should be further investigated 

using corresponding functional experiments. Last, although the 

serum LCN2 levels were compared between NAFL and NASH 

groups, ROC curve analysis was unable to establish an optimal 

cut-off value of serum LCN2 levels for distinguishing NASH from 

NAFL subgroups. Therefore, well-designed and larger-scale stud-

ies are needed to confirm our findings.

In conclusion, the mouse NASH model caused by HFCD+HF/G 

feeding recapitulates the pathological changes (inflammatory in-

filtration, hepatic steatosis, and fibrosis) and gene expression pat-

tern changes over time. LCN2 was identified from dysregulated 

genes and was implicated to be associated with inflammation. It 

was highly expressed in the livers of NASH patients and elevated 

in patients in the transition from NAFL to NASH, and correlated 

with a number of biochemical, metabolic and pathologic parame-

ters of NASH initiation and progression. Therefore, LCN2 may 

serve as a valuable biomarker for monitoring the initiation and 

progression of NASH.
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INTRODUCTION

Hepatitis B is a major global health concern with 350 million 

people suffering from chronic hepatitis B (CHB) and 600,000 

deaths per year due to related diseases.1 Suppression of hepatitis 

B virus (HBV) replication by nucleos(t)ide analogs (NAs) leads to 

decreased liver-related events such as hepatocellular carcinoma 

(HCC) and decompensation.2 However, functional cure by antiviral 

therapy (AVT), which is defined as sustained loss of hepatitis B 

surface antigen (HBsAg) is uncommon3 and HBV relapse frequent-

ly occurs after cessation of AVT.4 Therefore, most CHB patients 

are required to continue long-term AVT.5 Because long-term AVT 

increases the risk of drug resistance, current guidelines recom-

mend drugs with a high genetic resistance barrier as first-line 

treatment.6-8

Tenofovir disoproxil fumarate (TDF) has potent antiviral effects 

and very high genetic barriers against resistance.9 TDF monother-

apy was shown to be effective in lamivudine-resistant and adefo-

Background/Aims: Besifovir dipivoxil maleate (BSV), an acyclic nucleotide phosphonate, shows potent antiviral activity 
against hepatitis B virus. Our previous 48-week trial revealed that BSV has comparable antiviral efficacy to tenofovir 
disoproxil fumarate (TDF) and better safety profiles in terms of improved renal and bone safety. This extension study 
evaluated the prolonged efficacy and safety of BSV in treatment-naive chronic hepatitis B patients.
Methods: Patients continued to participate in an open-label BSV study after an initial 48-week double-blind comparison 
of BSV and TDF treatment. The antiviral efficacy and drug safety was evaluated up to 192 weeks in two groups: patients 
continuing BSV treatment (BSV-BSV) and patients switching from TDF to BSV after 48 weeks (TDF-BSV).
Results: Among 197 patients receiving randomized treatments, 170 (86%) entered the open-label phase and 152 
(77%) entered the 192-week extension study. Virological response rates over 192 weeks were 92.50% and 93.06% 
in the BSV-BSV and TDF-BSV groups, respectively (P=0.90). Hepatitis B envelop antigen seroconversion and alanine 
aminotransferase normalization rates were similar between the groups (P=0.75 and P=0.36, respectively). There were 
no drug-resistant mutations to BSV. Bone mineral density and renal function were well preserved in the BSV-BSV group, 
whereas these initially worsened then recovered after switching therapy in the TDF-BSV group.
Conclusions: BSV maintained potent antiviral efficacy after 192 weeks and showed no evidence of drug resistance. BSV 
was safe, well tolerated, and effective in patients who switched from TDF to BSV. Trial Registration Number: NCT01937806 
(date: 10 Sep 2013). (Clin Mol Hepatol 2021;27:346-359)
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vir-resistant patients.10 Thus, TDF is recommended as a first-line 

therapy as well as a rescue therapy for patients suffering from la-

mivudine and/or adefovir resistance.7 However, long-term TDF 

therapy is associated with a potential risk of renal complications 

such as acute kidney injury or Fanconi syndrome as well as bone 

complications such as osteopenia or osteoporosis.11 Hence, the 

European guidelines recommend NAs such as entecavir (ETV) and 

tenofovir alafenamide fumarate (TAF) rather than TDF for patients 

with bone or kidney diseases.6

Besifovir dipivoxil maleate (BSV), an acyclic nucleotide phos-

phate, has potent antiviral efficacy and was approved for the 

treatment of CHB patients in Korea in May 2017 following the re-

sults of a 48-week randomized, controlled, phase 3 trial 

(NCT01937806). The results revealed that BSV and TDF showed 

similar antiviral efficacy at 48 weeks.12 Furthermore, BSV treat-

ment had a good safety profile, in addition to its potent antiviral 

effect, in terms of renal function and bone mineral density (BMD) 

until 144 weeks.13 In the present study, subsequent extended 

studies were carried out to study the antiviral efficacy and safety 

of long-term BSV treatment over 192 weeks.

MATERIALS AND METHODS

Study design

This was a 192-week study, including 48 weeks of randomized 

controlled trial, with an extension period for the treatment of 

hepatitis B patients in Korea. The initial 48-week period com-

prised a double-blind, randomized, multi-center, non-inferiority, 

controlled trial comparing BSV (Ildong Pharmaceutical Co, Ltd., 

Seoul, Korea) with TDF (Gilead Sciences, Foster City, CA, USA), 

and the remaining 144 weeks comprised an open-label trial with 

BSV administration only. The present study was conducted in 22 

institutions and obtained approval from each institution’s Institu-

tional Review Board and the Human Research Ethics Committee. 

Further details are described elsewhere.12 Signed consent was 

provided by all participants, and the study protocol followed the 

ethical guidelines of the Declaration of Helsinki.

Study participants

CHB patients were enrolled from November 2013 to February 

2016 (NCT01937806). Details of the eligibility criteria are de-

scribed in our previous study.12 The main inclusion criteria were 

CHB patients aged ≥20 years and not having received AVT (treat-

ment naive), such as interferon (including peg-interferons), for  
≥12 weeks. Antiviral treatment was initiated in patients with HBV 

DNA levels >1.0×105 copies/mL (17,241 IU/mL) for hepatitis B en-

velop antigen (HBeAg)-positive patients and >1.0×104 copies/mL 

(1,724 IU/mL) for HBeAg-negative patients. Patients were also re-

quired to have serum alanine aminotransferase (ALT) levels of 

1.2–10 times that of the upper limit of normal (ULN) (central labo-

ratory cutoff of 33 U/L for females and 41 U/L for males). Patients 

with HCC, coinfected with hepatitis C virus, hepatitis D virus, or 

human immunodeficiency virus, and with decompensation were 

excluded. After the first 48 weeks, patients who agreed and gave 

written informed consent for the open-label phase participated in 

the extensional study.

Treatment

Participants were randomly assigned to two groups in a 1:1 ra-

tio and received either BSV (150 mg) plus L-carnitine (660 mg) or 

TDF (300 mg) alone for initial 48 weeks. In this period, to ensure 

double-blinding, participants in the BSV plus L-carnitine group 

also received placebo TDF, whereas those in the TDF group re-

ceived placebo BSV plus placebo L-carnitine supplements. There-

after, in the extension study, participants who had received BSV 

plus L-carnitine in the initial phase were administered the same 

regimen and those who had received TDF were switched to BSV 

plus L-carnitine, and the treatment was continued until week 192.

Endpoints

The primary endpoint was virological response (VR), defined as 

HBV DNA <69 IU/mL at week 192. Other efficacy endpoints were 

HBV DNA <20 IU/mL, HBsAg or HBeAg seroconversion, ALT nor-

malization, and drug resistance. Safety evaluation included moni-

toring of adverse events (AEs), glomerular filtration rate (GFR), 

BMD, and carnitine concentration.

Laboratory measurements

All laboratory tests, including hematological analysis, serum 

chemistry tests, lipid parameters, and renal function measure-

ments, were performed at a central laboratory (GC laboratory, 

Yongin, Korea) at 12-week intervals. HBV DNA quantification was 

performed using the COBAS AmpliPrep/TaqMan test (Roche Diag-

nostics, Indianapolis, IN, USA), with 20 IU/mL as the lower level 
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detection limit. Other laboratory tests were performed as previ-

ously described.12

BMD and GFR

BMD measurements of the lumbar spine (L1–4) and the total 

hip were performed using dual-energy X-ray absorptiometry scan 

and conducted at each institution. GFR was calculated using the 

Modification of Diet in Renal Disease (MDRD) method using the 

formula: 175 × serum creatinine (mg/dL) – 1.154 × age (years)  

– 0.203 (× 0.742 for females). BMD and GFR measurements were 

performed at baseline and weeks 48, 96, 144, and 192.

Resistance surveillance

Population sequencing was performed in all participants at 

baseline and at weeks 48, 96, 144, and 192 in participants with 

HBV DNA levels >1,724 IU/mL. DNA sequencing was performed 

at the investigator’s discretion to confirm drug adherence if viro-

logical breakthrough (increase of >1 log10 IU/mL from HBV DNA 

nadir) developed. An in vitro drug susceptibility assay was per-

formed at the central laboratory (Department of Pharmacology 

and Center for Cancer Research and Diagnostic Medicine, IBST, 

School of Medicine, Konkuk University, Seoul, Korea) when viro-

logical breakthrough was observed from two continuous visits 

and when changes were detected in the reverse transcriptase se-

quence.14,15

Construction of HBV RT mutant replicons

HBV DNA was extracted from the sera of the patients using a 

QiAamp MinElute Virus Spin Kit (Qiagen, Hilden, Germany) ac-

cording to the manufacturer’s protocol. To characterize the HBV 

RT gene, the RT gene was amplified by PCR and cloned into the 

HBV1.2mer replicon using the pGEM-4Z vector (Promega, Madi-

son, WI, USA) and sequenced, as described previously.15 To identi-

fy the mutation(s), the sequences were compared with a wild-

type genotype C HBV genome (NCBI GenBank accession no. 

GQ872210) isolated from the serum of an HBeAg-positive asymp-

tomatic CHB patient (Supplementary Table 1).

In vitro drug susceptibility assay

In vitro  drug susceptibility assay was performed as reported 

previously.15 Briefly, Huh7 cells maintained in Dulbecco’s modified 

Eagle’s medium (Welgene, Gyeongsan, Korea) and supplemented 

with 10% fetal bovine serum were seeded into six-well plates and 

transfected with 2 μg of each replicon. After 4 hours, this medium 

was replaced with a fresh medium containing different concentra-

tions (0, 5, 10, 20, 50 μg) of BSV. After drug treatment for 4 days, 

the supernatants and cells were harvested for HBeAg ELISA and 

Southern blot analysis, respectively. In vitro drug susceptibility 

data are representative of at least three independent experiments.

Statistical analyses

The primary efficacy endpoints, study designs, and sample size 

estimates were performed as described previously.12 Briefly, for 

the primary efficacy analysis, the proportion of patients with HBV 

DNA <69 IU/mL was performed using the full analysis set (FAS) 

and per protocol set (PPS). Differences in baseline characteristics 

and endpoints between the treatment groups were analyzed us-

ing independent two-sample t  test or Wilcoxon’s rank-sum test 

for continuous variables and a chi-squared test or Fisher’s exact 

test for categorical variables. P -value of <0.05 was defined as 

statistically significant. All analyses were performed using Statisti-

cal Analysis System 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Study population

Among 197 participants (86%) who enrolled in the initial ran-

domized study, 170 participated in the BSV monotherapy exten-

sion study. Of these patients, 152 participated in the extended 

treatment period III (144–192 weeks, 4 years) and two (1.32%) 

dropped out owing to non-adherence (one in BSV-BSV and one in 

TDF-BSV group) (Fig. 1). A total of 152 participants (80 in the 

BSV-BSV group and 72 in the TDF-BSV group) were included in 

the FAS. Among these, 144 (77 in the BSV-BSV group and 67 in 

the TDF-BSV group) were included in the PPS, excluding eight 

cases of dropout or impaired compliance, for the 192-week analy-

sis.

Among the total study population, 65.1% (99/152) were male, 

and the rate of HBeAg-positive patients was 62.5% in the BSV–

BSV group and 55.6% in the TDF-BSV group. The most common 

HBV genotype was type C (98.0%). The baseline characteristics 

were similar between the two groups, with an average HBV DNA 

of 6.31 log10 IU/mL and 6.55 log10 IU/mL in the BSV-BSV and TDF-
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BSV groups, respectively (Table 1).

Virological response

At week 192, the cumulative incidence rates of HBV DNA  

<69 IU/mL and <20 IU/mL were 92.5% and 87.5% in the BSV-

BSV group and 93.1% and 87.5% in the TDF-BSV group, respec-

tively, and there was no significant difference between the two 

groups in terms of VR in the FAS (P=0.90 for HBV DNA <69 IU/mL  

and P=1.00 for HBV DNA <20 IU/mL). The PPS analysis result was 

Figure 1. Patient disposition. BSV, besifovir dipivoxil maleate; TDF, tenofovir disoproxil fumarate; HCC, hepatocellular carcinoma; CPK, creatinine phos-
phokinase; F/U, follow up; FAS, full analysis set; PPS, per protocol set; IP, investigational product.
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Table 1. Baseline characteristics of the study participants

BSV-BSV (n=80) TDF-BSV (n=72) P-value

Male 53 (66.3) 46 (63.9) 0.76

Age (years) 46.16 (10.8) 44.04 (9.9) 0.21

HBeAg positive 50 (62.5) 40 (55.6) 0.38

HBV genotype 0.86

A 1 (1.3) 0

C 78 (97.5) 71 (98.6)

D 0 (0.0) 1 (1.4)

Not determined 1 (1.3) 0 (0.0)

HBV DNA (log10 IU/mL) 6.31 (1.7) 6.55 (1.5) 0.35

ALT (U/L) 105.6 (102.1) 127.4 (143.7) 0.38

ALT normal* by central laboratory criteria 4 (5.0) 6 (8.3) 0.52

BMI (kg/m2) 0.05

Normal, <25 kg/m2 53 (66.3) 49 (68.1)

Overweight, ≥25 to ≥30 kg/m2 25 (31.3) 15 (20.8)

Obese, >30 kg/m2 2 (2.5) 8 (11.1)

eGFR by MDRD (mL/min) 89.5 (14.6) 92.4 (13.9) 0.22

Creatinine (mg/dL) 0.86 (0.2) 0.83 (0.1) 0.31

Phosphate (mg/dL) 3.53 (0.5) 3.45 (0.6) 0.56

Fib-4 score 2.14 (2.08) 1.91 (1.14) 0.98

Total hip BMD clinical status† 0.88

Normal, T-score ≥-1.0 57 (82.6) 46 (83.6)

Osteopenia, -2.5≤ T-score <-1.0 12 (17.4) 9 (16.4)

Osteoporosis, T-score <-2.5 0 (0.0) 0 (0.0)

Data not collected 11 17

Spine BMD clinical status 0.71

Normal, T-score ≥-1.0 49 (68.1) 39 (65.0)

Osteopenia, -2.5≤ T-score <-1.0 19 (26.4) 19 (31.7)

Osteoporosis, T-score <-2.5 4 (5.6) 2 (3.3)

Data not collected 8 12

Concurrent medical history

Mild renal impairment‡ 44 (55.0) 33 (45.8) 0.26

Cirrhosis 19 (23.8) 13 (18.1) 0.39

Diabetes mellitus 10 (12.5) 3 (4.2) 0.07

Hypertension 10 (12.5) 9 (12.5) 1.00

Prior antiviral therapy 0 1 (1.4) 0.47

Values are presented as number (%), n/N (%), or mean (standard deviation) unless otherwise stated.
P-value: two-sample t  test or Wilcoxon rank-sum test for continuous variables, and chi-square test or Fisher’s exact test for categorical variables.
BSV, besifovir dipivoxil maleate; TDF, tenofovir disoproxil fumarate; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; ALT, alanine aminotransferase; BMI, 
body mass index; eGFR, estimated glomerular filtration rate; MDRD, modification of diet in renal disease; Fib-4, fibrosis-4; BMD, bone mineral density.
*33 U/L for females, 41 U/L for males.
†For BMD, some data were not collected.
‡50≤ eGFR <90 (mL/min).
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similar to the FAS result, and revealed that the HBV DNA <69 IU/mL  

and <20 IU/mL rates were 94.8% and 89.6% in the BSV-BSV 

group and 94.0% and 88.1% in the TDF-BSV group (Table 2), re-

spectively. The antiviral responses during the follow-up period of 

192 weeks were similar between the two groups (Fig. 2), and 

there were no significant differences in antiviral response be-

tween the two groups regardless of cirrhosis (Supplementary Ta-

ble 2). In both the BSV and the TDF groups, the mean HBV DNA 

levels decreased rapidly by week 24, and HBV DNA suppression 

was maintained throughout the 192 weeks, even if TDF was con-

verted to BSV (Supplementary Fig. 1A). Changes in HBV DNA lev-

els at week 192 did not significantly differ between the groups 

(-4.88±1.71 log10 IU/mL in the BSV-BSV group and -5.14±1.43 

log10 IU/mL in the TDF-BSV group, P=0.32) (Supplementary Fig. 1B).

Serological and biochemical responses

At week 192, the rates of HBeAg loss and HBeAg seroconver-

sion were 32.7% and 10.2%, respectively, in the BSV-BSV group 

and 35.0% and 12.5%, respectively, in the TDF-BSV group. These 

rates did not differ statistically between the two groups (P=0.82 

and P=0.75).

Table 2. Virological, serological, and biochemical responses

FAS PPS

BSV-BSV (n=80) TDF-BSV (n=72) P-value BSV-BSV (n=77) TDF-BSV (n=67) P-value

HBV DNA <69 IU/mL 74 (92.5) 67 (93.1) 0.90 73 (94.8) 63 (94.0) 1.00

HBV DNA <20 IU/mL 70 (87.5) 63 (87.5) 1.00 69 (89.6) 59 (88.1) 0.77

HBeAg loss*,† 16/49 (32.7) 14/40 (35.0) 0.82 14/47 (29.8) 14/37 (37.8) 0.44

HBeAg seroconversion*,† 5/49 (10.2) 5/40 (12.5) 0.75 3/47 (6.4) 5/37 (13.5) 0.29

HBsAg loss†,‡ 0/79 (0.0) 1/72 (1.4) 0.48 0/77 (0.0) 1/67 (1.5) 0.47

HBsAg seroconversion†,‡ 0/79 (0.0) 1/72 (1.4) 0.48 0/77 (0.0) 1/67 (1.5) 0.47

ALT normalization§ 71 (88.8) 67 (93.1) 0.36 69 (89.6) 62 (92.5) 0.54

Values are presented as n/N (%) or number (%).
P-value: Pearson’s chi-squared test or Fisher’s exact test.
FAS, full analysis set; PPS, per protocol set; BSV, besifovir dipivoxil maleate; TDF, tenofovir disoproxil fumarate; HBV, hepatitis B virus; HBeAg, hepatitis B 
envelope antigen; HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase.
*Among HBeAg-seropositive patients at baseline.
†Patients with missing data were excluded following statistical analysis plan.
‡Among HBsAg-seropositive patients at baseline.
§Among patients with baseline ALT levels above the central laboratory normal range (0–41 U/L for males and 0–33 U/L for females).

Figure 2. Viral suppression by study visit. (A) Proportions of patients with HBV DNA <69 IU/mL as determined by FAS. (B) Proportions of patients with 
HBV DNA <20 IU/mL as determined by FAS. Bars represent 95% confidence intervals. HBV, hepatitis B virus; BSV, besifovir dipivoxil maleate; TDF, tenofo-
vir disoproxil fumarate; FAS, full analysis set.
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None of the participants in the BSV-BSV group showed HBsAg 

loss and/or seroconversion until week 192, whereas one partici-

pant in the TDF-BSV group showed HBsAg loss at week 48 and 

seroconversion at week 144 (Table 2).

At week 192, 88.8% of participants in the BSV-BSV group and 

93.1% of participants in the TDF-BSV group showed serum ALT 

normalization (P=0.36) (Table 2, Supplementary Fig. 2). ALT nor-

malization rates were similar between the two groups regardless 

of cirrhosis (Supplementary Table 2).

Resistance surveillance and virological breakthrough

It was previously shown that resistance to BSV did not develop 

until 144 weeks.13 One patient, who was not adherent to medica-

tion and finally dropped out, experienced virological breakthrough 

between weeks 144 and 168. In this patient (#136=S07-09), a 

BSV susceptibility test was performed (Supplementary Fig. 3A). As 

a result, although some mutations (reverse transcriptase region 

mutations 55, 134, 267, 269, and 305) were found in HBV DNAs 

cloned in the patient (Supplementary Table 1), the sequence 

changes were present at baseline and the patient’s HBV DNAs 

were phenotypically sensitive to inhibition by BSV in vitro (Supple-

mentary Fig. 3B). Therefore, we believed that the virological 

breakthrough in this patient was caused by non-adherence and fi-

nally concluded that resistance to BSV was not developed until 

192 weeks.

Subgroup analyses

The virological, serological, and biochemical responses were 

further evaluated according to HBeAg status (Table 3). At 192 

weeks, all HBeAg-negative patients achieved HBV DNA <69 IU/mL, 

and only one patient in the TDF-BSV group failed to achieve HBV 

DNA <20 IU/mL. In HBeAg-positive patients, 88.0% (44/50) of 

the BSV-BSV group and 87.5% (35/40) of the TDF-BSV group 

achieved HBV DNA <69 IU/mL (P=1.00), (Supplementary Fig. 4), 

and the rates for those achieving HBV DNA <20 IU/mL were 

80.0% (40/50) and 80.0% (32/40) in the BSV-BSV and TDF-BSV 

groups, respectively (P=1.00) (Supplementary Fig. 5). HBsAg loss 

or seroconversion to HBsAb developed in only one HBeAg-posi-

tive patient in the TDF-BSV group and there was no significant 

difference between the BSV-BSV and TDF-BSV groups (P=0.45). 

The BSV-BSV and TDF-BSV groups showed similar ALT normaliza-

tion rates among both the HBeAg-positive and HBeAg-negative 

subgroups (P=0.33 and P=1.00, respectively) (Table 3). PPS anal-

ysis of both subgroups showed similar results to the FAS analysis 

(Supplementary Table 3).

Safety

During 192 weeks, 69/80 (86.3%) AEs were reported in the 

BSV-BSV group and 57/72 (79.2%) were reported in the TDF-BSV 

group. During this period, there were 12/80 (15.0%) SAEs report-

Table 3. Virological, serological, and biochemical responses by baseline HBeAg status (FAS)

HBeAg-positive patients (n=90) HBeAg-negative patients (n=62)

BSV-BSV (n=50) TDF-BSV (n=40) P-value BSV-BSV (n=30) TDF-BSV (n=32) P-value

HBV DNA <69 IU/mL 44 (88.0) 35 (87.5) 1.00 30 (100.0) 32 (100.0) –

HBV DNA <20 IU/mL 40 (80.0) 32 (80.0) 1.00 30 (100.0) 31 (96.9) 1.00

HBeAg loss*,† 16/49 (32.7) 14/40 (35.0) 0.82 – – –

HBeAg seroconversion*,† 5/49 (10.2) 5/40 (12.5) 0.75 – – –

HBsAg loss†,‡ 0/49 (0) 1/40 (2.5) 0.45 0/30 (0) 0/32 (0) –

HBsAg seroconversion†,‡ 0/49 (0) 1/40 (2.5) 0.45 0/30 (0) 0/32 (0) –

ALT normalization§ 42 (84.0) 37 (92.5) 0.33 29 (96.7) 30 (93.8) 1.00

Values are presented as n/N (%) or number (%).
P-value: Pearson’s chi-squared test or Fisher’s exact test.
HBeAg, hepatitis B envelope antigen; FAS, full analysis set; BSV, besifovir dipivoxil maleate; TDF, tenofovir disoproxil fumarate; HBV, hepatitis B virus; HBsAg, 
hepatitis B surface antigen; ALT, alanine aminotransferase.
*Among HBeAg-seropositive patients at baseline.
†Patients with missing data were excluded following statistical analysis plan.
‡Among HBsAg-seropositive patients at baseline.
§Among patients with baseline ALT levels above the central laboratory normal range (0–41 U/L for males and 0–33 U/L for females).
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ed in the BSV-BSV group and 9/72 (12.5%) in the TDF-BSV group 

(Table 4,  Supplementary Table 4).

Among the reported SAEs, serious adverse drug reactions (SA-

DRs) included one case each of muscle spasm and biochemical 

breakthrough due to non-adherence in the BSV-BSV group and 

one case each of sudden hearing loss and arthralgia in the TDF-

Table 4. Safety data

Variable
0–192 weeks

BSV-BSV (n=80) TDF-BSV (n=72) P-value

Adverse events 69 (86.3) 57 (79.2) 0.25

Adverse drug reactions 38 (47.5) 35 (48.6) 0.89

Serious adverse events 12 (15.0) 9 (12.5) 0.66

Serious adverse drug reactions 2 (2.5) 2 (2.8) 1.00

Serious adverse events leading to drug discontinuation 1 (1.3) 0 (0.0) 1.00

Death 0 (0.0) 0 (0.0) -

Adverse drug reaction recorded in ≥3% of all patients

Nasopharyngitis 2 (2.5) 3 (4.2) 0.67

Dyspepsia 3 (3.8) 6 (8.3) 0.31

Osteopenia 1 (1.3) 5 (6.9) 0.10

Alanine aminotransferase increased 4 (5.0) 3 (4.2) 1.00

Headache 4 (5.0) 1 (1.4) 0.37

Dizziness 3 (3.8) 0 (0.0) 0.25

Somnolence 3 (3.8) 1 (1.4) 0.62

Fatigue 2 (2.5) 4 (5.6) 0.42

Pruritus 1 (1.3) 4 (5.6) 0.19

Benign hepatic nodules 3 (3.8) 1 (1.4) 0.62

Hypertension 5 (6.3) 0 (0.0) 0.06

Renal related adverse events

Proteinuria 0 (0.0) 1 (1.4) 0.47

Phosphate <2.5 mg/dL 10 (12.5) 15 (20.8) 0.17

eGFR <50 mL/min 1 (1.3) 2 (2.8) 0.60

Serum creatinine increase ≥0.5 mg/dL above baseline 0 (0.0) 1 (1.4) 0.47

Bone-related adverse events

Fracture

Spontaneous* 1 (1.3) 0 (0.0) 1.00

Traumatic 4 (5.0) 1 (1.4) 0.37

Dyslipidemia

Triglyceride, above 300 mg/dL 0 (0.0) 0 (0.0) -

Total cholesterol, above 300 mg/dL 0 (0.0) 0 (0.0) -

Total carnitine level at week 192†

Low 2 (2.5) 5 (6.9) 0.26

High 10 (12.5) 7 (9.7) 0.59

Values are presented as number (%).
BSV, besifovir dipivoxil maleate; TDF, tenofovir disoproxil fumarate; eGFR, estimated glomerular filtration rate.
*Spontaneous fracture from postmenopausal osteoporosis.
†Lab normal range (male, 51–98; female, 37–81).
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BSV group. All patients who had experienced SADR recovered, 

but the one with biochemical breakthrough finally dropped out 

(Table 4, Supplementary Table 4).

Hip and spine BMD decreased during the 48 weeks in the TDF 

group (mean percent change: -0.62 vs. 0.28, P=0.01 in hip and 

-1.12 vs. 0.39, P=0.07 in spine), whereas there was no change in 

the BSV group. However, in the TDF group, hip and spine BMD 

improved after switching to BSV at 48 weeks, and there was no 

significant difference from the BSV-BSV group after at 96 weeks. 

Furthermore, hip and spine BMD was maintained in both groups 

until 192 weeks and showed no significant difference in mean 

percent change compared with baseline (0.69 vs. -0.62, P=0.46 

in hip BMD and -0.39 vs. -1.02, P=0.82 in spine BMD) (Fig. 3).

The median changes in GFR at 192 weeks were 6.0 mL/min (in-

terquartile range [IQR]: -1.60, 12.90) and 0 (IQR: -2.30, 15.25) in 

the BSV-BSV and TDF-BSV groups, respectively (P=0.59) (Fig. 4). 

Reduction in GFR to <50 mL/min at week 192 was not observed 

in the BSV-BSV group and was seen in one patient (1.4%) in the 

TDF-BSV group during the extension study III period (144–192 

weeks). This patient had underlying diabetes mellitus, which led 

to a reduction in renal function, and the GFR decreased to  

<50 mL/min from week 96 and continued to week 192. Another 

patient in the TDF-BSV group had proteinuria at week 192, but 

reduced GFR or other AEs related to renal function were not ob-

served in this patient.

A decrease in L-carnitine levels was observed in seven patients 

(two patients in the BSV-BSV group and five patients in the TDF-

BSV group) at week 192 without any clinical symptoms associated 

with carnitine deficiency. During the next visit, we will check the 

safety in patients with decreased levels of L-carnitine using fol-

low-up laboratory tests.

DISCUSSION

The present study reports the four-year outcome of a study 

scheduled for eight years in HBeAg-positive and HBeAg-negative 

CHB patients. Long-term BSV treatment showed a stable and po-

tent virological, biochemical, and serologic response. In addition, 

no viral resistance against BSV was found during the 4 years. BSV 

therapy was tolerable, none of the patients discontinued its use 

due to AEs, and the risk of BSV-induced renal and bone complica-

Figure 4. Median changes from baseline in eGFR (MDRD) by study 
week. Data are presented as median (Q1, Q3) values (mL/min). BSV, besi-
fovir dipivoxil maleate; TDF, tenofovir disoproxil fumarate; eGFR, estimat-
ed glomerular filtration rate; MDRD, modification of diet in renal disease.
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tions were low.

Our previous study revealed that BSV has antiviral effects com-

parable to those of TDF during 48 weeks. Furthermore, the antivi-

ral effect was maintained for up to 144 weeks when TDF was 

switched to BSV.12,13 The present study showed that BSV treatment 

increased the VR rate (HBV DNA <69 IU/mL and 20 IU/mL) to ap-

proximately 90% at 192 weeks. Previous studies on the long-term 

effects of TDF or ETV have shown that around 90% of patients 

had HBV DNA suppression for four years.16,17 Therefore, although 

BSV treatment was not directly compared with ETV or TDF at 4 

years, BSV is also considered to have potent antiviral efficacy sim-

ilar to TDF and ETV, which have been shown to have long-term 

antiviral effects. In addition, the biochemical response rate was 

also maintained until 192 weeks. Since HBV DNA and ALT levels 

are risk factors for liver-related events,18 efficacious HBV DNA 

suppression and ALT normalization by BSV is expected to prevent 

progress to decompensated cirrhosis and reduce the development 

of HCC.

In this study, HBeAg loss and seroconversion rate were lower 

than those in other studies for patients receiving NA.19,20 In 

HBeAg-positive patients, low viral load and high serum ALT levels 

are the pre-treatment predictive factors of HBeAg seroconver-

sion.21,22 Most guidelines recommend AVT in HBeAg-positive CHB 

patients with ALT ≥2×ULN.6,7,23 However, this study included CHB 

patients with ALT levels of 1.2–10 times that of the ULN, and ALT 

levels was lower than those observed in other studies. Therefore, 

lower ALT levels may lead to lower HBeAg loss and seroconver-

sion rate in this study.

Emergence of resistance to NAs is related to reduced antiviral 

efficacy, hepatitis flares, disease progression, and poor out-

comes.24,25 Therefore, it is recommended that NAs with high resis-

tance barrier are used as the first-line therapy.6-8 The present 

study showed that the VR was maintained without resistance up 

to 4 years (192 weeks) during BSV administration. Therefore, BSV 

may also be regarded as a high genetic barrier drug and can be 

considered for first-line treatment as well as ETV and TDF. Due to 

the high genetic barrier, TDF monotherapy is also used as rescue 

therapy in CHB patients with resistance to other NAs, such as la-

mivudine or adefovir, even with multidrug resistance.26 A study on 

the antiviral efficacy of BSV in patients with NAs resistance is cur-

rently underway (NCT02792088).

Despite its potent antiviral efficacy and low resistance, reduc-

tion in BMD due to long-term use of TDF is an important problem. 

A previous study revealed that the incidence rates of osteoporosis 

and osteopenia were 8.2% and 31.6%, respectively, after 96 

weeks of TDF,27 and TDF was also shown to be an independent 

predictor of low BMD.28 In the present study, use of TDF for 48 

weeks decreased BMD, whereas there was no change in BMD in 

the BSV group. Interestingly, switching from TDF to BSV improved 

hip and spine BMD to a similar degree to that observed in the 

BSV-BSV group, and BMD was maintained up to 192 weeks with-

out showing a significant change. In addition, although bone 

fracture events seemed to be more frequent in the BSV-BSV 

group, most fractures (four in the BSV-BSV and one in the TDF-

BSV) occurred by either trauma or accident, and only one fracture 

event in the BSV-BSV group occurred in a patient with osteoporo-

sis. Furthermore, there were no significant differences in BMD 

changes between those with fractures and those without frac-

tures (P=0.34, data not shown). Therefore, BSV can be used with-

out concern about BMD reduction in individuals at high risk of os-

teoporosis, such as patients with osteopenia, elderly patients, or 

menopausal women.

TDF has potential nephrotoxic effects such as decreased GFR or 

tubular injury.29,30 In the present study, the TDF group showed a 

significant decline in GFR during the 48 weeks, whereas there 

was little change in the BSV group. After switching from TDF to 

BSV, the GFR recovered to the same level as that of the BSV-BSV 

group, and there was no difference until 192 weeks. One patient 

in the TDF-BSV group was observed to have and estimated GFR 

(eGFR) <50 mL/min; however, this patient had diabetes, which is 

a risk factor for renal disease, as an underlying disease. In addi-

tion, another patient had intermittent proteinuria since the begin-

ning of the study, and no abnormal findings were observed by the 

nephrology or urology consultants. Therefore, BSV was not asso-

ciated with renal complication in the present study, and BSV can 

be safely used in patients with reduced renal function without im-

pairing renal function.

Carnitine deficiency is the most common side effect of BSV.31,32 

Therefore, L-carnitine (660 mg/day) was supplemented during 

BSV treatment. A reduction in serum carnitine levels was ob-

served in two patients in the BSV-BSV group and five patients in 

the TDF-BSV group at week 192. Serum carnitine levels were 

close to the lower normal limit, and there were no clinical symp-

toms associated with carnitine deficiency, such as hypoglycemia, 

hypoketosis, or encephalopathy, in these patients. However, the 

effects of a slight reduction in serum carnitine concentration by 

BSV require long-term follow-up.

TAF, which is an orally bioavailable prodrug of tenofovir, has 

been developed to reduce AEs of TDF, such as renal or bone com-

plications. In a TDF-TAF switching study, changes in GFR and 
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BMD showed a similar pattern to those seen with switching from 

TDF to BSV.33 Recent studies have reported that TAF may worsen 

lipid profiles, with a 1–4% of grade 3–4 hypercholesterol-

emia.34-38 In contrast, there was only a small change in total cho-

lesterol level at week 48 and 192 with BSV compared with base-

line (+3.74 mg/dL, P=0.222 and -2.47 mg/dL, P=0.420, respectively), 

and there was no severe dyslipidemia at 192 weeks. Moreover, 

only small changes in serum triglyceride levels were observed at 

weeks 48 and 192 (7.13 mg/dL, P=0.222 and 3.24 mg/dL, P=0.196, 

respectively), suggesting that BSV is a safe for use in patients with 

dyslipidemia.

The present study has several limitations. First, the sample size 

was relatively small and only Asian patients were enrolled. There-

fore, further studies with large sample sizes and race diversity are 

required. Second, although 4-year BSV treatment was effective 

and tolerable, further studies are required to confirm its long-term 

antiviral efficacy and safety. Third, although renal AE was not ob-

served after BSV treatment, the present study did not measure 

biomarkers for renal function, such as urinary albumin, fractional 

excretion of uric acid, and urinary beta-2 microglobulin. Similarly, 

markers for bone turnover to detect bone formation or resorption 

were not evaluated. Fourth, while levels of total cholesterol and 

triglyceride were measured every 48 weeks, other lipid profiles, 

such as low-density lipoprotein cholesterol or high-density lipo-

protein cholesterol, were not evaluated. Finally, only qualitative 

HBsAg was measured; therefore, the present study could not as-

sess the reducing effect of antiviral medication on HBsAg titers, 

which might represent their impact on intrahepatic covalently 

closed circular HBV DNA. Despite these limitations, to the best of 

our knowledge, this is the first study to report on the safety pro-

files of renal function and bone density in long-term BSV therapy.

In conclusion, BSV treatment for 192 weeks showed potent viral 

reduction without the development of drug resistance. BSV treat-

ment also demonstrated favorable safety profiles without reduc-

ing BMD and eGFR. As the safety profile is a major consideration 

in the selection of medication, BSV is a potentially novel treat-

ment for CHB, especially in patients at high risk of developing re-

nal and bone-related diseases.
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Dear Editor,

We read with great interest the review article by Tanaka,1 aim-

ing to analyze the currently well-defined epidemiological, etiologi-

cal, genetic, clinical-diagnostic, and finally therapeutic aspects of 

primary biliary cholangitis (PBC). Although we find the review 

very comprehensive, we would like to add a comment that we 

consider relevant on some prognostic markers of PBC, not men-

tioned by Tanaka. In particular, when the author discusses clinical 

and serological aspects, in our opinion, he neglects to mention 

the prognostic significance of specific autoantibodies as well as of 

some symptoms at the clinical presentation of the disease. From 

the clinical point of view, we think it is worth mentioning that the 

presence of fatigue and or pruritus at the onset of the disease is 

associated with a disease that is particularly active, less respon-

sive to treatment with ursodeoxycholic acid treatment, and more 

inclined to evolve to cirrhosis and its complications.2,3 Also of 

great relevance is the recognized prognostic role of some anti-nu-

clear autoantibodies. In particular, anti-gp210 antibody positivity 

is correlated with poor outcomes and many disease progression 

types, especially liver failure. Therefore, this marker allows identi-

fying the subgroup of PBC patients who deserve close follow-up 

to assess the need for second-line treatment.4 Finally, from a di-

agnostic point of view, it is also widely established the very high 

diagnostic accuracy of some anti-nuclear antibodies in patients 

who lack anti-mitochondrial antibodies, as demonstrated by sev-

eral previous studies.5-10 In particular, it has been reported that 

concomitant positivity for both anti‐Sp100 and anti‐gp210 anti-

bodies showed a 100% positive predictive value for PBC, irre-

spective of the antimitochondrial antibody status.11
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