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Abstract
Background and aims Fibrosis-4 (FIB-4) index is a HCC predictor in chronic hepatitis B (CHB) patients. However, little is 
known about whether FIB-4 helps identify non-cirrhotic CHB patients with minimal HCC risk after prolonged nucleos(t)
ide analogue (NA) therapy.
Methods A total of 1936 ethnically diverse, non-cirrhotic CHB patients were enrolled in this retrospective multi-national 
study. All patients received prolonged NA treatment, including entecavir and tenofovir disoproxil fumarate. We explored 
whether FIB-4 cutoff of 1.30, a marker indicative of mild fibrosis severity, could stratify HCC risks in these patients.
Results A total of 48 patients developed HCC after a mean follow-up of 6.98 years. FIB-4 level at 1 year after treatment 
(1-year FIB-4) was shown to be associated with HCC development and was superior to pre-treatment FIB-4 value. When 
patients were stratified by 1-year FIB-4 of 1.30, the high FIB-4 group was at an increased HCC risk compared to the low 
FIB-4 group, with a hazard ratio of 4.87 (95% confidence interval: 2.48–9.55). Multivariable analysis showed that sex and 
1-year FIB-4 were independent predictors, with none of the 314 female patients with low 1-year FIB-4 developing HCC. 
Finally, 1-year FIB-4 of 1.30 consistently stratified HCC risks in patients with low PAGE-B score, a score composed of 
baseline age, sex and platelet count, and the annual incidence rate of HCC was 0.11% in those with PAGE-B < 10 + 1-year 
FIB-4 < 1.30.
Conclusions In non-cirrhotic CHB patients receiving prolonged NA therapy, 1-year FIB-4 < 1.30 is useful for identifying 
those with minimal HCC risk by combining with female sex or low PAGE-B score.
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Abbreviations
APRI  AST to platelet ratio index
FIB-4  Fibrosis index based on four factors
HBV  Hepatitis B virus
HCC  Hepatocellular carcinoma
NA  Nucleos(t)ide analogue
CHB  Chronic hepatitis B
HBsAg  Hepatitis B surface antigen
HCV  Hepatitis C virus
ALT  Alanine aminotransferase

ULN  Upper limit of normal
AST  Aspartate aminotransferase
HBeAg  Hepatitis B e antigen
ROC  Receiver operating characteristic
AUROC  Area under the ROC curve
SD  Standard deviation
HR  Hazard ratio

Introduction

Hepatitis B virus (HBV) infection is a global health problem 
and patients with chronic hepatitis B (CHB) are at risk of 
developing cirrhosis, hepatic decompensation, and hepa-
tocellular carcinoma (HCC), resulting in over one million 
deaths per year [1]. Fortunately, prolonged nucleos(t)ide 
analogue (NA) treatment in CHB patients has been shown 
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to minimize their liver-related complications and to reduce 
HCC risk [2–6].

HCC surveillance is important because early HCC detec-
tion is the key to lower HCC morbidity and mortality [7, 
8]. Concerning all screening and surveillance programs, 
it is mandatory to create a cost-effective surveillance sys-
tem. There is a need to identify subgroups of on-treatment 
patients who have a minimal HCC risk (< 0.2% per year) 
with less need of HCC surveillance, which may help physi-
cians to prioritize the limited medical resources in the pan-
demic of COVID-19 [7, 8]. As HCC risk has been shown 
to remain substantial among the cirrhotic patients after NA 
therapy in contrast to the low risk of non-cirrhotic patients 
[3–6, 9–13], focusing on non-cirrhotic patients and explor-
ing their factors to predict the minimal HCC risk is more 
feasible than including all the treated patients with hetero-
geneous severity of liver fibrosis to achieve the goal [9–11, 
13–15].

Accumulating data show that liver fibrosis severity is a 
valid biomarker to predict HBV-related HCC development in 
non-cirrhotic patients after NA therapy [16]. Fibrosis index 
based on four factors (FIB-4) derived from routine clinical 
parameters has been recognized as a better surrogate marker 
for liver fibrosis severity in CHB compared to other bio-
markers, such as AST to platelet ratio index (APRI) [17–19]. 
A recent large population-based cohort study suggested that 
FIB-4 < 1.30 was useful for identifying patients at low risk 
for liver-related events [20]. Our recent data also confirmed 
that FIB-4 of 1.29, a very similar cutoff, could identify CHB 
patients at low risk of cirrhosis and HCC in a treatment-
naïve cohort and those at low HCC risk in a small on-treat-
ment cohort [21, 22]. These data suggest that FIB-4 level 
around 1.29–1.30, a low cutoff to define mild liver fibrosis 
(F2 or less) [19], could be a useful marker to stratify the 
risk for future development of liver-related adverse events. 
However, it remains unclear whether the FIB-4 < 1.30 cutoff 
could accurately identify CHB patients who have sufficiently 
low HCC risk that the need for routine HCC surveillance can 
be mitigated after prolonged antiviral therapy.

To address this critical issue, using a FIB-4 based pre-
diction model, we conducted an international, multicentre, 
retrospective cohort study with the primary aim of exploring 
whether it is possible to identify non-cirrhotic CHB patients 
with less need for routine HCC surveillance.

First, we investigated whether FIB-4 was a superior HCC 
predictor to APRI and whether FIB-4 determined at differ-
ent time points was associated with different predicting per-
formance. Second, we explored whether FIB-4 < 1.30 was 
associated with lower HCC risks than those with higher 
FIB-4 level. Finally, we investigated whether FIB-4 < 1.30 
could help identify patients with minimal HCC risk by 
serving as a complementary predictor of sex and two HCC 
prediction models, including PAGE-B score, a Caucasian 

cohort-derived model based on pre-treatment age, sex, and 
platelet count [23, 24], and REACH-B score, an Asian-
cohort derived model composed of age, sex, HBeAg, HBV 
DNA, and ALT [14, 25].

Materials and methods

Patient cohorts

This international, multicentre study was conducted across 
5 hospital and clinic-based cohorts in Taiwan, South Korea, 
Greece, and the USA. Patients were enrolled between 2000 
and 2016. They were included if they were > 18 years old, 
treatment-naïve, had chronic HBV mono-infection and were 
willing to receive prolonged entecavir or tenofovir diso-
proxil fumarate therapy. None of them had cirrhosis based 
on either liver histology (N = 208), liver stiffness measure-
ment < 13 kPa (N = 67) [26], or characteristic ultrasono-
graphic findings (n = 1661) [22, 27].

Supplementary Fig. 1 shows how we enrolled the patients 
retrospectively. Between 2007 and 2016, 2312 non-cirrhotic 
CHB patients were enrolled: 413 patients were from the 
National Taiwan University Hospital and Taipei Tzuchi 
hospital in Taiwan (TW1) [21], 393 from the China Medi-
cal University Hospital in Taiwan (TW2) [28], 817 from 
Asan Medical Center in South Korea (KR), 130 patients 
from General Hospital of Athens in Greece (GR), and 559 
patients from Stanford University Medical Center and five 
other nearby community clinics in the USA (US) [29]. After 
excluding 93 patients without FIB-4 levels before treatment 
or at 1-year post-treatment and 5 with follow-up period less 
than 1 year, 2214 patients remained. Another 273 patients 
with HBV DNA level < 2000 IU/mL or unavailable HBV 
DNA level before antiviral treatment and 5 patients with 
HCC diagnosed within the first year of follow-up were 
excluded. Finally, a total of 1936 patients were included for 
subsequent analyses.

During the treatment period, entecavir was shifted to 
tenofovir disoproxil fumarate at the physician’s discretion 
when viral suppression was suboptimal.

This study was approved by the research ethics commit-
tees of each participating center.

Data collection

Patients were tested for serological markers, including 
HBsAg, hepatitis B e antigen (HBeAg), hepatitis B e anti-
body (anti-HBe), hepatitis C antibody (anti-HCV), and had 
liver function tests before antiviral treatment. Through-
out the follow-up period, serum liver function tests were 
assayed every 3 to 6 months. HBV DNA levels with or 
without alpha-fetoprotein levels were determined every 6 to 
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12 months and abdominal ultrasonography was performed 
about every 6 months for HCC surveillance.

Diagnosis of HCC

HCC was diagnosed either by histology/cytology or by 
typical imaging findings (arterial enhancement and venous 
wash-out by contrast-enhanced computerized tomography 
or magnetic resonance imaging scanning) in hepatic nodules 
larger than 1 cm [30].

Serological assays

Serum HBsAg, HBeAg, anti-HBe, and anti-HCV were tested 
using commercial assays. Serum HBV DNA level was quan-
tified using the commercial assays available at each hospital 
with lower detection limits ranging from 20 to 100 IU/mL.

Calculation of FIB‑4 index and APRI

The FIB-4 index and APRI were calculated according to 
the formulas:

FIB-4 = age (years) × AST [U⁄L] ⁄(platelet counts  [109⁄ 
L] × (ALT [U⁄L])1⁄2). APRI = AST level (/upper limit of nor-
mal of AST)/ platelet counts  [109⁄L] × 100 [19]. The upper 
limit of normal AST is 40 U/L.

Statistical analysis

HCC was defined as the endpoint. The clinical follow-up 
started at the time of starting antiviral treatment. The person-
years were censored on the date of HCC development, death, 
the last date of follow-up, or Dec 31, 2018, whichever came 
first. The cumulative incidence of HCC stratified by different 
variables was derived using the Kaplan–Meier curve analy-
sis and the log-rank test was used to test for the statistical 
difference.

Receiver operating characteristic (ROC) curve analy-
sis was used to compute the area under the ROC curves 
(AUROC) for different factors and FIB-4 determined at dif-
ferent time-points in predicting HCC development.

Mean and standard deviation (SD) were calculated for 
continuous variables and percentages were used for categori-
cal variables. Cox proportional hazards regression model 
was adopted to calculate the crude and multivariate-adjusted 
hazard ratios (HR) of HCC. Covariates in multivariable anal-
ysis were chosen according to stepwise regression model 
with significance level = 0.10 for removal from the model 
and significance level = 0.05 for addition to the model. Sta-
tistical significance of all tests was defined as p < 0.05 by 
two-tailed tests. All analyses were performed using Stata 
statistical software (version 10.0; Stata Corp, College Sta-
tion, TX, USA).

Results

Pre‑treatment characteristics and follow‑up data 
of 1936 non‑cirrhotic CHB patients with prolonged 
NA treatment

Table 1 shows the pre-treatment characteristics of 1936 
treatment-naïve patients. Most of them were males and 
of Asian descent. The median age at enrolment was 
45.64 years. The median HBV DNA level and platelet 
count before treatment were 6.54  (log10 IU/mL) and 187 
 (109/L), respectively. Most of the patients had ALT > 40 
U/L (88.38%) before treatment but most also had improve-
ment to < 40 U/L after one year of treatment (78.41%).

The mean follow-up period was 6.99 ± 2.40 years. Dur-
ing the follow-up, 48 patients developed HCC yielding 
an annual incidence rate of 0.35% (95% CI 0.27–0.47%) 
(Fig. 1a).

Comparing the FIB‑4 and APRI in predicting HCC 
development

The pre-treatment median values (interquartile range) of 
FIB-4 and APRI were 1.67 (1.65) and 1.03 (1.59), respec-
tively. We first explored which marker serves as a better 
HCC predictor by comparing the AUROCs of both mark-
ers in the overall cohort. The results showed pre-treatment 
FIB-4 had better prediction accuracy than APRI [AUROC: 
0.62 (95% CI 0.54–0.69) vs. 0.51 (95% CI 0.44–0.58), 
p < 0.001], but both performed relatively poorly.

Comparing the FIB‑4 levels at different time points 
in predicting HCC development

We then analyzed the FIB-4 kinetics in 1712 individuals 
with FIB-4 available at different time points. FIB-4 level 
was the highest before treatment and dropped during the 
first year of therapy, then remained constant thereafter 
(Suppl. Fig. 2).

To ascertain at what time point in the treatment course 
FIB-4 would have the optimal predictive performance, 
FIB-4 levels at pre-treatment, 1 year and 2 years post-
treatment were calculated in 1726 patients who did not 
develop HCC within the first 2 years of follow-up and their 
AUROCs in predicting HCC development were compared. 
We found that FIB-4 at 1 year after treatment [AUROC: 
0.75 (95% CI 0.67–0.82)] was superior to pre-treatment 
FIB-4 [AUROC: 0.64 (95% CI 0.56–0.71), p = 0.003] 
and might be better than that at 2 years after treatment 
[AUROC: 0.69 (95% CI 0.60–0.77), p = 0.040] (Fig. 1b). 
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Given this, FIB-4 at 1-year post-treatment (1-year FIB-4) 
was selected as our HCC prediction marker.

Risk factors associated with HCC development

Different FIB-4 cutoffs have been reported to be clinically 
useful in patients with chronic HBV infection. We compared 
the prediction performance using the Youden index among 
different FIB-4 cutoffs once reported for predicting signifi-
cant liver fibrosis in a meta-analysis [19] and HCC develop-
ment [21, 31–33], in patients with chronic HBV infection 
(supplementary Table 1). Among all the 8 cutoffs of 1-year 
FIB-4, the optimal one was around 1.30–1.45. We decided to 
choose 1.30 as it is a well-validated cutoff in 2 large cohort 
studies [20, 21]. The AUROC, sensitivity, specificity, PPV, 
and NPV for the cutoff to predict HCC development were 
0.68, 77.1%, 58.3%, 4.5%, and 99% respectively.

We then explored whether 1-year FIB-4 of 1.30 is an opti-
mal cutoff for stratifying HCC risks. When categorizing the 
patients with this cutoff, we found that the high FIB-4 group, 
compared to the low FIB-4 group, had an increased HCC risk 
with HR of 4.87 (95% CI 2.48–9.55, p < 0.001) in univariable 

analysis (Fig. 1c and Table 2). Older age and male sex were 
also associated with increased HCC risks with HR of 1.06 per 
1-year increase (95% CI 1.03–1.08, p < 0.001) and 3.91 (95% 
CI 1.55–9.88, p = 0.004, Fig. 1d), respectively (Table 2).

In multivariable analysis, older age, male sex, and 
1-year FIB-4 > 1.30 were independently associated with 
HCC development (Table 2). However, since age has been 
incorporated in the FIB-4 calculation, we only stratified our 
subsequent analyses by sex and 1-year FIB-4 (supplemen-
tary Table 2). By 1-year FIB-4, the annual HCC incidence 
in patients with 1-year FIB-4 < 1.30 was 0.14% (95% CI 
0.08–0.25%). By 1-year FIB-4 and sex, none of the 314 
women with 1-year FIB-4 < 1.30 developed HCC during 
the mean follow-up period of 7.01 years (Supplementary 
Table 2).

Sensitivity analysis of enrolling patients with ETV 
treatment and patients with undetectable viral load 
after treatment for 1 year

As different antiviral drugs could be associated with dif-
ferent HCC risks, sensitivity analysis was performed by 

Fig. 1  In 1936 non-cirrhotic CHB patients receiving longterm NA 
treatment a cumulative incidence of HCC is shown, and b FIB-4 
determined at 1-year of treatment is superior to pre-treatment FIB-4 

in predicting HCC by AUROC comparison. The HCC risks are strati-
fied by c 1-year FIB-4 of 1.30 and d sex
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enrolling 1386 patients receiving ETV treatment only. 
The 1-year FIB-4 > 1.30 was consistently associated with 
increased HCC risks and the age- and sex-adjusted HR was 
4.92 (95% CI 1.81–13.34).

We also explored the role of FIB-4 in patients with 
undetectable viral load after treatment for 1 year. In 771 
patients with available HBV DNA levels at 1 year after 
treatment, 578 patients (75.0%) cleared serum HBV 
DNA and 12 patients developed HCC. One-year FIB-4 of 
1.30 consistently stratified the HCC risk in patients with 
undetectable viral load [High vs. low, HR: 12.5 (95% CI 
1.6–96.8)].

One‑year FIB‑4 complemented pre‑treatment 
PAGE‑B score to stratify HCC risks

We confirmed a positive correlation between PAGE-B 
score and HCC risks (p for trend < 0.001) with an AUROC 
of 0.67 (95% CI 0.60–0.75) for HCC prediction. When 
stratifying the patients by PAGE-B scores of 10 and 
17, there were 1065, 859, and 12 patients with PAGE-
B score < 10 (low score), between 10–17 (intermediate 
score), and > 17 (high score), respectively. The 5-year 
cumulative HCC incidence rates were 0.86% and 2.18% 
for the low and intermediate PAGE-B score, respectively 
(Supplementary Table 3). Patients with intermediate score 
had higher HCC risk with HR of 3.01 (95%: 1.61–5.62, 
p = 0.001) when compared to patients with low PAGE-B 
score (Supplementary Table 3). The subgroup with high 
PAGE-B scores was not analyzed due to the small patient 
number.

As PAGE-B score is a pre-treatment prediction model, 
we explored whether 1-year FIB-4 predicted HCC in 
patients with different pre-treatment PAGE-B scores 
(Supplementary Table 3). Among patients with low and 
intermediate PAGE-B scores, those with higher FIB-4 had 
higher HCC incidence in both groups (Fig. 2a, b). The HR 
(high vs. low FIB-4 level) was 5.10 (95% CI 1.79–14.54, 
p = 0.002) and 2.89 (95% CI 1.02–8.24, p = 0.047) in the 
low and intermediate groups, respectively.

The HCC risk was explored in the patients strati-
fied by different levels of pre-treatment PAGE-B score 
and 1-year FIB-4 (Supplementary Table 3). In the 888 
patients who had pre-treatment PAGE-B score < 10 and 
1-year FIB-4 < 1.30, their annual incidence rate of HCC 
was 0.11% (95% CI 0.05–0.23%).

Table 1  Characteristics before and 1  year after treatment of 1936 
chronic hepatitis B patients receiving prolonged oral antiviral therapy

All the continuous factors are expressed as median value (interquar-
tile range, IQR) and all the categorical factors are expressed as num-
ber (%)
ETV Entecavir, TDF Tenofovir disoproxil fumarate, ALT Alanine 
transaminase, HBeAg Hepatitis B e antigen, HBV Hepatitis B virus
*PAGE-B score is calculated as age (< 30  years = 0; 30–39 = 2; 
40–49 = 4; 50–59 = 6; 60–69 = 8; ≥ 70 = 10) + sex (male = 6; 
female = 0) + platelet count (× 1000/mm3; ≥ 200 = 0; 100–
199 = 6; < 100 = 9)
† REACH-B score is calculated as Male sex: 2 points, Age + 1 point 
for every 5  years from 35 to 65  years of age (0–6 points) + ALT 
(IU/L): 15–44 (1 point), ≥ 45 (2 points) + Positive HBeAg: 2 

Gender
 Female 618 (31.92)
 Male 1318 (68.08)
 Pre-treatment age, years 45.64 (15.99)

Pre-treatment Serum ALT level
 < 40 U/L 225 (11.62)
 ≧ 40 U/L 1711 (88.38)

Pre-treatment Serum AST level
 < 40 U/L 450 (23.24)
 ≧ 40 U/L 1486 (76.76)

HBeAg
 Negative 940 (48.55)
 Positive 996 (51.44)

Pre-treatment Serum HBV DNA,  log10 IU/mL 6.54 (1.69)
Pre-treatment platelet count,  109/L 187 (65)
Antiviral treatment
 ETV 1723 (89.00)
 TDF 210 (10.85)
 ETV + TDF 3 (0.15)

Ethnicity
 Asian 1819 (93.96)
 Hispanic 2 (0.10)
 African 5 (0.26)
 Caucasian 110(5.68)

Pre-treatment PAGE-B score* 9 (19)
 Low (score < 10) 1065 (55.01)
 Intermediate (score 10–17) 859 (44.37)
 High (score > 17) 12 (0.62)

Pre-treatment APRI 1.03 (1.59)
Pre-treatment FIB-4 1.67 (1.65)
 < 1.30 672 (34.71)
 ≧ 1.30 1264 (65.29)

Pretreatment REACH-B score† 11 (11)
Serum ALT level at 1 year of treatment 
 < 40 U/L 1518 (78.41)
 ≧ 40 U/L 418 (21.59)

Serum AST level at 1 year of treatment
 < 40 U/L 1781 (92.00)
 ≧ 40 U/L 155 (8.00)

Platelet count at 1 year of treatment,  109/L 192 (65)
FIB-4 at 1 year of treatment 1.18 (0.83)
 < 1.30 1112 (57.44)
 ≧ 1.30 824 (42.56)

points + HBV DNA (log IU/ml): 3.3–4.3 (3 points), 4.3–5.3 (5 
points), ≥ 5.3 (4 points)

Table 1  (continued)
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Table 2  Univariable and multivariable analysis of factors associated with HCC development in by Cox proportional hazards regression model

P-yrs person-years, HR hazard ratio, CI confidence interval, ALT alanine transaminase, HBeAg hepatitis B e antigen, HBV hepatitis B virus, 
HCC hepatocellular carcinoma, ETV entecavir, TDF tenofovir disoproxil fumarate
*Including 3 patients receiving ETV + TDF
† P < 0.05, ‡P < 0.01, §P < 0.001
$ Covariates were chosen according to stepwise regression model with significance level = 0.10 for removal from the model and significance 
level = 0.05 for addition to the model due to the limited event number (N = 48)

P-yrs of follow-up HCC
n

Annual inci-
dence rate
(per 100 P-yrs)

Crude HR
(95% CI)

Adjusted HR (95% CI)$

Gender
 Female 4240.21 5 0.12 1.0 1.0
 Male 9283.59 4343 0.46 3.91‡ (1.55–9.88) 4.86§  (1.91–12.33)

Pretreatment age (Per 1 year increase) 1.06§ (1.03–1.08) 1.03†

(1.00–1.07)
Pretreatment serum ALT level (U/L)
 < 40 1524.29 3 0.20 1.0  = 
 ≧ 40 11,999.51 45 0.38 1.90

(0.59–6.13)
Pretreatment serum AST level (U/L)
 < 40 3122.26 9 0.29 1.0  = 
 ≧40 10,401.54 39 0.37 1.30

(0.63–2.68)
Pretreatment serum HBV
DNA (Per 1  log10 IU/mL increase)

0.91
(0.77–1.07)

 = 

Pretreatment HBeAg
 Negative 6289.40 30 0.48 1.0 1.0
 Positive 7234.40 18 0.25 0.52† (0.29–0.93) 0.83 (0.45–1.54)

Treatment
 ETV 12,471.17 43 0.34 1.0  = 
 TDF* 1052.63 5 0.48 1.47

(0.57–3.75)
Pretreatment Platelet
(per 10 × 109/L increase)

0.93†
(0.87–0.98)

 = 

Ethnicity
 Asian 12,873.77 43 0.33 1.0  = 
 Non-Asian 650.03 5 0.77 2.38 (0.94–6.02)
 1-year FIB-4 < 1.30 7971.01 11 0.14 1.0 1.0
 ≧1.30 5552.79 37 0.67 4.87§ (2.48–9.55) 3.35‡ (1.55–7.21)

Fig. 2.  1-year FIB-4 stratifies the HCC risks in a non-cirrhotic patients with PAGE-B score < 10 and b those with PAGE-B score of 10–17 at 
pre-treatment, respectively
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One‑year FIB‑4 served as an HCC predictor 
independent of REACH‑B score

REACH-B score was also calculated and the median (IQR) 
score was 11 (11). A higher REACH-B score was shown to 
be associated with increased HCC risk (p for trend < 0.001) 
with AUROC of 0.69 (95% CI 0.63–0.76) for HCC predic-
tion. One-year FIB-4 > 1.30 consistently served as an inde-
pendent HCC predictor with REACH-B score-adjusted HR 
of 3.40 (95% CI 1.64–7.06).

Discussion

A major complication in non-cirrhotic CHB patients after 
initiating prolonged NA is the development of HCC, but it 
has been a challenge to precisely predict HCC risk in these 
patients due to their low HCC incidence, hence a large 
cohort study with long-term follow-up is required. This 
multi-center cohort study, including 1936 non-cirrhotic 
patients from Asia, Europe, and the USA, is the first report 
to show that 1-year FIB-4 of 1.30, a published cutoff for mild 
fibrosis severity [19], was effective in stratifying HCC risks. 
More importantly, 1-year FIB-4 of 1.30 complemented sex, 
pre-treatment PAGE-B score, and pre-treatment REACH-B 
score to stratify HCC risks, implying 1-year FIB-4 may be a 
useful marker to categorize HCC risks in non-cirrhotic CHB 
patients receiving prolonged NA therapy.

In addition, our data showed that none of the 314 women 
with 1-year FIB-4 < 1.30 developed HCC within a mean 
follow-up period of 7.01 years. The annual HCC incidence 
was 0.11% (95% CI 0.05–0.23%) in 888 patients with pre-
treatment PAGE-B < 10 and 1-year FIB-4 < 1.30 with 95% 
confidence interval just above the recommended threshold 
(0.2% per year) for HCC surveillance. Taking these data 
together, 1-year FIB-4 could help practicing physicians 
identify patients with minimal HCC risks with less need for 
routine HCC surveillance. Moreover, the FIB4 is based on 
readily available factors and can be applicable in resource-
limited areas where most HBV patients of the world live 
in. Our finding is important in HBV management as these 
areas do not have resources to survey all CHB patients for 
HCC. However, further large prospective studies are needed 
to confirm our findings.

We found 14 patients who developed HCC with a low 
PAGE score (TW1: 4, KR: 4, GR: 1, US: 5) with 5-year 
cumulative incidence of 0.86%, which was contradictory 
to the zero HCC risk as reported in the Caucasian cohort 
[23, 24]. The discrepancy may be reasoned by our larger 
cohort with different ethnicities. Our data suggested that 
the combination of 1-year FIB-4 < 1.30 with a low PAGE-
B score could serve as a better predictor to define low 
HCC risk. With further validation, it would be possible 

to identify a group of patients with less need for HCC 
surveillance, which is important for us prioritize medical 
resources in the pandemic of COVID-19.

Our study has several strengths. First, to the best of our 
knowledge, this is the first study to include nearly 2000 
multiethnic non-cirrhotic CHB patients receiving pro-
longed NA therapy. A large cohort with a long follow-up 
period is the mainstay to address the issue of HCC sur-
veillance due to the very low HCC incidence in the non-
cirrhotic, NA-treated patients. Second, previous studies 
have shown that either FIB-4 or APRI values are often 
inflated before antiviral therapy in patients with active 
hepatitis due to elevated AST and ALT levels [34]. A 
rapid decrease of AST and ALT values following anti-
viral treatment can generally be expected and are largely 
due to resolution of liver necroinflammation rather than 
liver fibrosis improvement. Inflated FIB-4 values tend to 
be unstable, and may not predict HCC development. Our 
data also showed 1-year FIB-4 predicted HCC develop-
ment more accurately than pre-treatment FIB-4 levels. In 
addition, the prediction performance also improved using 
1-year APRI (data not present). Both of the findings sup-
port the inference and suggest these biomarkers are useful 
when determined 1 year after treatment.

Our study also has some limitations. First, liver stiffness 
measurement was not available in every hospital at enrol-
ment. The diagnosis of non-cirrhosis was mostly made by 
abdominal ultrasonography, which was not perfect. In addi-
tion, we could not compare the prediction power between 
liver stiffness value and FIB-4. However, liver stiffness 
measurement is not routinely performed in most real-world 
settings outside of tertiary referral centers, whereas FIB-4 
and PAGE-B could be more useful as both are based on 
readily available clinical parameters even in most resource-
limited areas. Second, the number of non-Asian patients 
(N = 117, around 6%) and those receiving TDF (N = 210, 
around 10%) were small. The clinical utility needs to be 
further validated in these patients. Thirdly, several host risk 
factors, such as obesity and diabetes, and possible viral risk 
factors, such as HBsAg, hepatitis B core-related antigen lev-
els, and HBV DNA kinetic, were not included in our analysis 
because these data were not collected routinely. Finally, we 
did not explore the role of FIB-4 in other prediction models 
containing cirrhosis as a major predictor since we aimed 
to identify minimal HCC risk group and focused on non-
cirrhotic patients only [9, 35–37].

In summary, in non-cirrhotic CHB patients receiving pro-
longed NA treatment from different countries, 1-year FIB-4 
of 1.30 is useful for stratifying HCC risk in such patients. 
Patients with 1-year FIB-4 < 1.30 have a low HCC risk by 
combining with female sex or low PAGE-B score, which 
paves the way to prioritize the limited medical resources, 
such as HCC surveillance, in the pandemic of COVID-19.
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