
Research article
Lack of association between early on-treatment HBeAg
seroclearance and development of hepatocellular carcinoma or

decompensated cirrhosis

Authors

Hyunjae Shin, Won-Mook Choi, Seung Up Kim, ., Jung-Hwan Yoon, Jeong-Hoon Lee, Fabien Zoulim

Correspondence

pindra@empal.com, JHLeeMD@snu.ac.kr (J.-H. Lee).

Graphical abstract

•  This multicenter cohort study shows early HBeAg-seroclearance is not associated with HCC or decompensation
•   HBeAg-seroclearance may not be a reliable indicator for HCC prevention in non-cirrhotic CHB patients

Patients who experienced HBeAg-seroclearance had comparable risks of developing HCC (HR = 1.10),
and decompensated LC (HR = 0.87) by time-dependent Cox regression analysis
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Highlights: Impact and implications:
� Spontaneous or interferon-induced HBeAg seroclearance is
associated with improved long-term outcomes.

� However, association between nucleos(t)ide analogue-
induced HBeAg seroclearance and on-treatment outcomes
remains unclear.

� A multicenter cohort study on 2,392 patients with non-
cirrhotic CHB shows timing of HBeAg seroclearance is not
associated with HCC or decompensation.

� Early HBeAg seroclearance within 10 years of treatment is
not associated with the development of HCC.

� HBeAg seroclearance may not be a reliable indicator for
HCC prevention in patients with non-cirrhotic CHB.
https://doi.org/10.1016/j.jhepr.2024.101089
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The association between hepatitis B envelope antigen (HBeAg)
seroclearance during long-term nucleos(t)ide analogue treat-
ment and the risk of hepatocellular carcinoma in patients with
chronic hepatitis B remains unclear. Our findings indicate that
early on-treatment HBeAg seroclearance within 3 years was not
associated with the development of hepatocellular carcinoma
or decompensated cirrhosis. Achieving HBeAg seroclearance
may not be an appropriate surrogate endpoint for preventing
the development of liver-related outcomes in non-cirrhotic
patients with HBeAg-positive chronic hepatitis B treated with
nucleos(t)ide analogues.
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Background & Aims: The association between hepatitis B envelope antigen (HBeAg) seroclearance during long-term nucleos(t)
ide analogue (NA) treatment and the risk of hepatocellular carcinoma (HCC) in patients with chronic hepatitis B (CHB) remains
unclear. Here, we aimed to investigate the association of HBeAg seroclearance during potent NA treatment with the development
of HCC and decompensated cirrhosis.

Methods: Using a multicenter historical cohort including 2,392 non-cirrhotic adult patients with HBeAg-positive CHB who initiated
NA treatment with tenofovir or entecavir, the risk of HCC and decompensated cirrhosis was compared between patients who
achieved HBeAg seroclearance within 36 months of NA treatment (the HBeAg-loss group) and those who did not (the HBeAg-
maintained group), using inverse probability of treatment weighting.

Results: Over a median of 6.6 years of NA treatment, 1,077 patients achieved HBeAg seroclearance (HBeAg loss rate = 6.0 per
100 person-years), 64 patients developed HCC (HCC incidence rate = 0.39 per 100 person-years), and 46 patients developed
decompensated cirrhosis (decompensation incidence rate = 0.28 per 100 person-years). The HBeAg-loss and HBeAg-maintained
groups had a similar risk of developing HCC (hazard ratio 0.89; 95% CI 0.47–1.68; p = 0.72) and decompensated cirrhosis (hazard
ratio 0.98; 95% CI 0.48–1.81; p = 0.91). Compared with delayed HBeAg seroclearance beyond 10 years of NA treatment, the risk
of HCC was comparable in those who achieved earlier HBeAg seroclearance at any time point within 10 years, regardless of
baseline age and fibrotic burden.

Conclusions: Early HBeAg seroclearance during NA treatment was not associated with a reduced risk of development of HCC or
decompensated cirrhosis in non-cirrhotic HBeAg-positive patients with CHB.

© 2024 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the Liver (EASL). This is an open access article
under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
Introduction
Chronic HBV infection (CHB) is the most common cause of
hepatocellular carcinoma (HCC) – especially in East Asia and
Africa – which is the third leading cause of cancer-related death
worldwide.1,2 By 2040, the number of deaths from HCC due to
HBV is projected to double.1,3 While antiviral treatment can
reduce the risk of HCC by 45% to 63%,4,5 it cannot eliminate
the risk completely,6,7 emphasizing the significance of identi-
fying factors linked to on-treatment HCC risk in patients
with CHB.

Seropositivity for hepatitis B envelope antigen (HBeAg), an
indicator of active viral replication, has been demonstrated to
be a significant risk factor for the progression of cirrhosis and
HCC.8,9 During the natural history of the disease, HBeAg
seroconversion, characterized by the spontaneous loss of
HBeAg and the emergence of antibodies to HBeAg, has been
* Corresponding author. Address: Department of Internal Medicine, Seoul National Univers
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linked to reduced levels of HBV DNA and clinical remission of
hepatitis in the majority of antiviral treatment-naïve patients
with CHB.10,11 An earlier HBeAg seroconversion is related to
durable remission, reduced HBeAg reversion rates, slower
progression to cirrhosis and HCC, and even increased hepatitis
B surface antigen (HBsAg) seroclearance rates.12–14

Thus, HBeAg seroconversion has been regarded as one of
the important end points in the treatment of CHB. Previous
studies have demonstrated that treatment-induced HBeAg
seroconversion is also associated with more favorable out-
comes.12 Patients who received treatment with interferon (IFN)-
a and achieved HBeAg seroconversion showed notably longer
overall survival and survival without clinical complications
compared to those who maintained a positive HBeAg status.12

A subsequent randomized-controlled trial also showed that the
cumulative HCC risk was significantly lower among patients
who had a higher rate of HBeAg seroconversion through IFN-a
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On-treatment HBeAg seroclearance and clinical outcomes
therapy compared to the control group.15 In contrast, a recent
study involving non-cirrhotic patients who were treated with
nucleos(t)ide analogues (NAs) revealed that HBeAg-positive
patients with CHB had a lower incidence of HCC compared
to HBeAg-negative patients, as they are in the earlier stage of
the disease.16 However, few studies have investigated whether
NA treatment-induced HBeAg seroclearance correlates with
HCC risk during long-term treatment with potent NAs.

Therefore, the aim of this large-scale multicenter cohort
study was to comprehensively explore the association of on-
treatment HBeAg seroclearance with the development of
HCC and decompensated cirrhosis in non-cirrhotic, HBeAg-
positive patients with CHB who were treated with high genetic
barrier NAs.

Patients and methods

Study population

The source population of this study (N = 4,224) was derived
from a multicenter registry of non-cirrhotic, HBeAg-positive,
treatment-naïve patients with CHB who started entecavir or
tenofovir disoproxil fumarate (TDF) and continued it for more
than 3 months between January 2007 and December 2021 at
three university-affiliated tertiary centers (Seoul National Uni-
versity Hospital, Asan Medical Center, and Severance Hospital)
in South Korea (Fig. 1). Patients in the source population were
evaluated for cirrhosis using reports of abdominal CT, MRI, or
ultrasonography by certified abdominal radiologists with
experience >5 years’ experience. Patients were excluded if they
met any of the following criteria: current or previous diagnosis
of hepatitis C virus or hepatitis D virus infection, history of
liver transplantation, normal alanine aminotransferase (ALT)
level (i.e., <40 U/L), follow-up for less than 1 year, HBeAg
1,842 were excluded
1,453  ALT level <40 U/L

325  HBeAg-loss during the first year of follow-up

21  age less than 20 years

12  No follow-up HBeAg measurement 

11  HCV, HDV, other hepatotropic viruses

10  HCC during the first year of follow-up

•

•

•

•

•

•
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year
(n = 1,959)

Patients who achieved 
HBeAg-seroclearance within 3 

year
(n = 433)

HBeAg-positive, non-cirrhotic, treatment-naïve 
patients with CHB who started antiviral treatment 
with entecavir or TDF between 2007 and 2021 at 

three tertiary centers, Korea

Source population (n = 4,224)

Fig. 1. Patient flow diagram. ALT, alanine aminotransferase; CHB, chronic
hepatitis B; HBeAg, hepatitis B envelope antigen; HCC, hepatocellular carci-
noma; TDF, tenofovir disoproxil fumarate.
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seroclearance or HCC occurrence within the first year after
initiation of antiviral treatment, no follow-up HBeAg measure-
ment, and age less than 20 years. Finally, a total of 2,392 pa-
tients were included in the study.

The institutional review board at each participating center
granted approval for this study, and due to its retrospective
nature, the requirement for informed consent was waived.

Covariates and outcomes

The primary outcome was the development of HCC. The index
date was defined as the date of starting ETV or TDF treatment,
and the follow-up period ended at the date of HCC diagnosis,
liver transplantation, death, or the date of last follow-up. All
patients underwent regular HCC surveillance with ultrasonog-
raphy and serum alpha-fetoprotein at the index date and every
6 months thereafter. The diagnosis of HCC was established by
either histologic examination or the presence of characteristic
imaging findings, such as a nodule larger than 1 cm exhibiting
arterial hypervascularity and portal/delayed-phase washout, as
observed on dynamic computed tomography or magnetic
resonance imaging.17,18 The secondary outcomes were the
occurrence of decompensated cirrhosis and liver-related out-
comes. Decompensated cirrhosis was defined as the occur-
rence of one or more of the following: ascites, variceal bleeding,
or hepatic encephalopathy, with the prerequisite presence of
cirrhosis. Liver-related outcome was defined as a composite
outcome of cirrhosis, HCC, or liver-related death.

Information regarding the baseline characteristics of pa-
tients and the outcomes of the study were obtained from the
electronic medical records of each participating center. The
fibrosis-4 (FIB-4) index and the modified PAGE-B (mPAGE-B)
score were calculated to assess the degree of fibrosis and the
risk of HCC development, respectively, and for adjustment in
the analysis.19,20

Statistical analysis

Non-parametric continuous variables are presented as medians
(IQR) unless otherwise stated. Categorical variables are pre-
sented as absolute numbers of cases and/or percentages. In-
verse probability of treatment weighting (IPTW) was used to
balance two groups divided by the timing of HBeAg sero-
clearance by using the following variables: age, sex, type of
antiviral drugs, ALT and aspartate aminotransferase levels, al-
bumin, platelet counts, HBV DNA, total bilirubin, creatinine,
FIB-4 index, and mPAGE-B score. Standardized mean differ-
ences (SMD) were calculated to evaluate the quality of
balancing before and after IPTW. Cumulative incidence rates of
HCC according to the timing of HBeAg seroclearance were
evaluated using the Kaplan-Meier method and compared using
the log-rank test. Univariable and multivariable Cox propor-
tional hazard models were used to calculate hazard ratios (HRs)
and 95% CIs. The timing of HBeAg seroclearance varies
among patients under antiviral treatment. Time-dependent Cox
regression analysis with multiple landmarks (at months 24, 36,
48, and 60) was applied to avoid immortal time bias.21

All data were analyzed using SPSS version 26 (IBM, Armonk,
NY, USA) and R statistics version 4.2.0 (The R foundation,
Vienna, Austria). Two-sided p values were calculated for all
analyses. p values less than 0.05 were considered statisti-
cally significant.
2024. vol. 6 j 1–8 2
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Results

Baseline characteristics

A total of 2,392 HBeAg-positive patients with CHB who were
treated with ETV or TDF without the occurrence of HBeAg
seroclearance or HCC during the first year of the treatment
were included in the analysis (Fig. 1). During a median follow-up
period of 6.6 (IQR, 4.0–9.5) years, HBeAg seroclearance
occurred in 1,077 patients with an annual incidence rate of
6.0% (Fig. S1). As the main analysis, patients were categorized
according to whether HBeAg seroclearance occurred within 36
months of antiviral treatment (HBeAg-loss group, n = 434) or
not (HBeAg-maintained group, n = 1,948). The HBeAg-loss
group was younger, had lower platelet counts, albumin, and
baseline HBV DNA levels, and had higher aminotransferase
levels compared to the HBeAg-maintained group. After IPTW,
all the baseline characteristics were well balanced, with each
SMD <−0.1 (Table 1).

IPTW analyses

During follow-up, 64 patients developed HCC (incidence rate =
0.39 per 100 person-years), 46 experienced decompensated
cirrhosis (incidence rate = 0.28 per 100 person-years), and liver-
related death occurred in 11 (incidence rate = 0.07 per 100
person-years). Kaplan-Meier analysis showed a similar cumu-
lative incidence of HCC (p = 0.75, Fig. 2), decompensated
cirrhosis (p = 0.36, Fig. S2A), and liver-related outcomes (p =
0.37, Fig. S2B) between the HBeAg-loss (incidence rate = 0.38
per 100 person-years) and HBeAg-maintained (incidence rate =
0.39 per 100 person-years) groups. Weighted Cox proportional
hazard analysis also confirmed a comparable incidence of
developing HCC (HR 0.89; 95% CI 0.47–1.68; p = 0.72),
developing decompensated cirrhosis (HR 0.98; 95% CI
0.48–1.81; p = 0.91), and developing liver-related outcomes
(HR 0.94; 95% CI 0.51–1.71; p = 0.95) between the two groups.

Sensitivity analyses

A sensitivity analysis was performed when the HBeAg-loss
group was defined as HBeAg seroclearance within 60 months
of starting antiviral treatment (n = 725), the risk of developing
HCC between the two groups was similar by weighted
Cox proportional hazard analysis (HR 0.85; 95% CI 0.50–1.46;
p = 0.57) and by log-rank test (p = 0.80, Fig. S3).

We performed another sensitivity analysis by including only
patients with a baseline platelet count >−150,000/ll to exclude
those who had a higher chance of having cirrhosis. All
the baseline characteristics were well balanced after IPTW
(Table S1). The results were consistent with the primary anal-
ysis by weighted Cox proportional hazard analysis (HR 0.67;
95% CI 0.23–1.91; p = 0.46; Fig. S4).

In addition, during the observation period, 61 patients
experienced HBsAg loss. Among them, 37 patients had
stopped NA treatment with a median follow-up period of 2.1
(IQR, 1.6–2.7) years after NA cessation. Due to the reduced risk
of HCC after HBsAg seroclearance,22 we conducted a sensi-
tivity analysis when patients were additionally censored at the
time of HBsAg loss. The weighted Cox proportional hazard
analysis demonstrated a comparable risk of developing HCC
between the two groups (HR 0.90; 95% CI 0.48–1.70; p = 0.81).
JHEP Reports, ---
The IPTW analysis was conducted with the additional in-
clusion of patients with early HBeAg loss (less than 1 year). The
risk of developing HCC between the HBeAg-loss and HBeAg-
maintained groups was also comparable (HR 0.94; 95% CI
0.58–1.53; p = 0.81 by weighted Cox proportional hazard
analysis; p = 0.97 by log-rank test).

Stratified analyses

First, stratified analyses were performed based on FIB-4 index
(<2 and >−2) and age (<45 and >−45 years) to investigate the
impact of HBeAg seroclearance during antiviral treatment on
the risk of HCC, considering baseline fibrotic burden and age.
Most of the baseline characteristics were well balanced after
IPTW in all patient strata according to the FIB-4 index
(Tables S2 and S3) and age (Tables S4 and S5). HBeAg sero-
clearance during antiviral treatment had no impact on the risk of
HCC, with similar HCC risks between the HBeAg-loss group
and the HBeAg-maintained group in all patient strata according
to FIB-4 (p = 0.99 in the high FIB-4 group and p = 0.49 in the
low FIB-4 group, Fig. S5) and age (p = 0.97 in the older age
group and p = 0.91 in the younger age group, Fig. S6) by log-
rank test.

Second, when the patients were stratified by the time to
HBeAg seroclearance (i.e., years 1–3, 3–5, 5–7, 7–10, and >−10),
the cumulative incidence of HCC did not differ significantly
among groups (p = 0.20, Fig. 3). Univariable and multivariable
Cox proportional hazards regression analyses were performed
and showed no difference in the risk of HCC within the groups
stratified by time to HBeAg seroclearance (Table S6).

Time-dependent Cox analyses

To mitigate the potential impact of immortal time bias, time-
dependent Cox regression analysis, where HBeAg positivity
was treated as a time-varying covariate,was performed. Patients
who experienced HBeAg seroclearance during the study period
(n = 1,077) had a similar risk of developingHCC (HR1.10; 95%CI
0.64–1.92; p = 0.70; Table 2) and developing decompensated
cirrhosis (HR 0.87; 95% CI 0.68–1.75; p = 0.54; Table S7)
compared to patients who maintained detectable HBeAg
throughout the study period (n = 1,305). Several risk factors of
HCCdevelopment, suchasolder age,malegender, a lowplatelet
count (<150,000/ll), and ALT levels (ranging from 1 to 2 times
the upper normal limit), were noted. As shown in Table S7, in the
24-, 36-, 48-, and 60-month landmark analyses, the similar HCC
risk between the HBeAg-loss and HBeAg-maintained groups
was consistently observed (at month 24: HR 0.57; 95%
CI 0.21–1.55; p = 0.27; at month 36: HR 0.89; 95%CI 0.49–1.63;
p = 0.72; at month 48: HR 1.02; 95% CI 0.57–1.82; p = 0.95; at
month 60: HR 1.10; 95% CI 0.63–1.93; p = 0.73).

Impact of HBeAg seroconversion on HCC

During follow-up, HBeAg seroconversion (i.e., loss of HBeAg
and development of anti-HBe) occurred in 924 (38.6%) patients
at an incidence rate of 5.1%. An IPTW analysis comparing
patients with HBeAg seroconversion within 36 months (n = 216,
9.0%) to those without seroconversion within 36 months (n =
2,176) showed a comparable incidence of HCC (HR 0.92; 95%
CI 0.44–1.82; p = 0.79) by time-dependent Cox regression
analysis. In addition, risk of HCC development was compared
2024. vol. 6 j 1–8 3



Table 1. Baseline characteristics of the study population, HBeAg-maintained group and HBeAg-loss group.

Characteristics

All

Before IPTW After IPTW

HBeAg seroclearance within 36 months HBeAg seroclearance within 36 months

HBeAg-maintained HBeAg-loss

p value SMD

HBeAg-maintained HBeAg-loss

p value SMDn = 2,392 n = 1,959 n = 433 n = 1,959 n = 433

Age, years 41 (33–55) 41 (33–51) 39 (32–48) 0.001 0.173 40 (32–49) 39 (32–48) 0.76 0.050
Sex*, male, % 1,492 (62.4%) 1,234 (63.0%) 258 (59.6%) 0.14 0.080 1,226 (62.6%) 257 (59.4%) 0.24 0.064
Antiviral*, % 0.44 0.043 0.40 0.046
Entecavir 1,414 (59.1%) 1,150 (58.7%) 263 (60.8%) 1,148 (58.6%) 263 (60.8%)
TDF 978 (40.9%) 809 (41.3%) 170 (39.2%) 811 (41.4%) 170 (39.2%)

Platelet count, 103/ll 191 (157–228) 192 (158–229) 185 (150–222) 0.01 0.110 185 (152–221) 185 (150–222) 0.66 0.011
Albumin, g/dl 4.1 (3.8–4.3) 4.1 (3.8–4.3) 4.0 (3.7–4.3) 0.04 0.102 4.0 (3.7–4.0) 4.0 (3.7–4.0) 0.55 0.042
AST, U/L 98 (63–181) 95 (61–171) 111 (71–223) <0.001 0.104 110 (71–213) 110 (71–222) 0.67 0.001
ALT, U/L 126 (83–239) 121 (82–230) 146 (84–288) 0.001 0.156 144 (87–286) 146 (84–288) 0.85 0.002
HBV DNA, log10 U/ml 8.0 (6.9–8.2) 8.0 (6.9–8.2) 7.8 (6.8–8.2) <0.001 0.101 7.8 (6.7–8.0) 7.8 (6.8–8.0) 0.77 0.007
Total bilirubin, mg/dl 0.9 (0.7–1.2) 0.9 (0.7–1.2) 1.0 (0.7–1.3) 0.06 0.097 0.9 (0.7–1.0) 1.0 (0.7–1.0) 0.80 0.038
Creatinine, mg/dl 0.9 (0.7–1.0) 0.9 (0.7–1.0) 0.9 (0.7–1.0) 0.82 0.070 0.9 (0.7–1.0) 0.9 (0.7–1.0) 0.88 0.042
FIB-4 1.9 (1.2–3.3) 1.9 (1.2–3.2) 2.1 (1.2–3.6) 0.06 0.097 2.1 (1.3–3.0) 2.1 (1.2–4.0) 0.94 0.045
mPAGE-B 9 (6–11) 9 (6–11) 9 (6–11) 0.25 0.061 9 (6–11) 9 (6–11) 0.76 0.012

ALT, alanine aminotransferase; AST, aspartate aminotransferase; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; IPTW, inverse probability of treatment weighting; mPAGE-
B, modified PAGE-B; TDF, tenofovir disoproxil fumarate; SMD, standardized mean difference.
All variables were compared between the HBeAg-loss and HBeAg-maintained groups before and after IPTW. Sex, and the type of antiviral treatment were analyzed by Fisher’s exact
test. Other variables were analyzed by Kruskal–Wallis test and expressed in median (IQR).

On-treatment HBeAg seroclearance and clinical outcomes
between the patients who had HBeAg seroconversion and
patients who had HBeAg seroclearance without seroconver-
sion (n = 153), and found no statistical differences (HR 1.02;
95% CI 0.34–2.52; p = 0.89) by weighted Cox regres-
sion analysis.

Impact of DNA suppression on HCC

Another analysis was conducted to determine the effect of the
timing of HBV DNA suppression (i.e., serum HBV DNA <−2,000 U/
ml). Of the study cohort, the timing of the initial DNA suppression
following the initiation of antiviral treatment was available in
1,407 patients and DNA suppression was achieved at a median
of 3.9 (IQR, 2.8–6.0) months among the patients. Patients were
categorized according to whether HBV DNA suppression
occurred within 4 months of antiviral treatment (i.e., early-
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suppression and delayed-suppression groups). After IPTW, all
baseline characteristicswerewell balanced, with eachSMD <−0.1
(Table S8). The cumulative incidence of HCC was lower in the
early-suppression group with low baseline DNA level (i.e., HBV
DNA <−8 log10U/ml) than the delayed-suppression groupwith low
baseline DNA level (p = 0.04, Fig. S7).
Discussion
In this multicenter cohort study involving 2,392 treatment-
naïve, non-cirrhotic, HBeAg-positive patients with CHB, we
investigated the impact of HBeAg seroclearance during antiviral
treatment with potent NAs on the risk of HCC. Our findings
indicate that early on-treatment HBeAg seroclearance within 3
years was not associated with the development of HCC.
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Compared with delayed HBeAg seroclearance beyond 10 years
of antiviral treatment, there was no difference in the risk of
patients with earlier HBeAg seroclearance at years 1–3, 3–5,
5–7, and 7–10 during the overall follow-up period. These results
were consistently observed in IPTW analysis and time-
dependent Cox analysis. Furthermore, in sensitivity analyses
where the landmark time or the cut-off for platelet count to
define cirrhosis was modified, the results remained consistent.
Additionally, in stratified analyses, the risk of HCC was com-
parable between the HBeAg-loss group and the HBeAg-
Table 2. Univariable and multivariable time-dependent Cox regression analyse

Characteristics

Univariable analysis

HR 95% CI

On-treatment variables
HBeAg seroclearance 1.17 0.69, 2.01

Baseline variables
Sex, male 2.18 1.18, 4.01
Age, years 1.06 1.04, 1.08
Platelet count, 103/ll
>250 1 [Reference]
150–250 5.07 0.69, 37.5
<150 29.6 4.07, 216

ALT
>−2 × ULN1 1 [Reference]
1–2 x ULN 3.50 2.13, 5.76

HBV DNA, log10 IU/ml 0.74 0.64, 0.85
FIB-4 1.14 1.08, 1.20

aHR, adjusted hazard ratio; ALT, alanine aminotransferase; FIB-4, fibrosis-4; HBeAg, hepa
limit of normal. Multivariable Cox regression analysis was performed on covariates associa
terms of HR, 95% CI, and p values. This analysis included a time-dependent covariate, H
1The upper limit of normal ALT was defined as 40 IU/L.
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maintained group, irrespective of baseline age, serum levels
of ALT and HBV DNA, and fibrotic burden.

Till now, the serological response of HBeAg seroclearance,
as well as virological and biochemical responses, was
considered an important endpoint of NA treatment because
HBeAg positivity has been identified as a risk factor for HCC in
both treatment-naïve patients and those treated with IFN- a in
previous studies. A long-term prospective study on Taiwanese
men found a sixfold higher risk of HCC development in asso-
ciation with HBeAg positivity,8 and another case-control study
s for the predictive factors of HCC occurrence.

Multivariable analysis

p value aHR 95% CI p value

0.56 1.10 0.64, 1.92 0.72

0.01 3.13 1.66, 5.92 <0.001
<0.001 1.04 1.02, 1.07 <0.001

0.11 3.87 0.52, 28.8 0.19
<0.001 16.7 2.23, 125 0.01

<0.001 2.66 1.53, 4.60 <0.001
<0.001 0.84 0.72, 0.99 0.03
<0.001 1.05 0.97, 1.14 0.23

titis B envelope antigen; HCC, hepatocellular carcinoma; HR, hazard ratio; ULN, upper
ted with HCC occurrence identified in univariable analysis. The results were expressed in
BeAg seroclearance, which was the variable of interest.
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reported a significantly increased HCC risk in patients positive
for both HBsAg and HBeAg.23 Conversely, spontaneous or
treatment-induced HBeAg seroclearance, particularly with IFN
therapy, has been linked to improved long-term outcomes,
including a reduced risk of cirrhosis and HCC, higher survival
rates, and increased HBsAg seroclearance.10,11,13–15 However,
there has been limited data studying the impact of NA-induced
HBeAg seroclearance on the risk of HCC in HBeAg-positive
patients with CHB. Only a few studies, like the current one,
found that there was no association between the risk of HCC
and HBeAg seroclearance. In a historical cohort study that
included 4,639 patients initiating ETV or TDF treatment, HBeAg
seroclearance at 2 years of treatment had no impact on the risk
of HCC during the overall follow-up period.24 A recent Hong
Kong study involving 1,400 NA-treated patients with CHB
found that high on-treatment hepatitis B core-related antigen
(HBcrAg) titers were associated with a higher risk of HCC in
HBeAg-negative patients, but not in HBeAg-positive patients.25

Given that HBeAg is the main constituent of HBcrAg in HBeAg-
positive patients with CHB, it could be postulated that a
decrease in HBeAg titer during antiviral treatment is not asso-
ciated with a reduced risk of HCC in HBeAg-positive patients
with CHB. Of note, the absence of a recent prediction model for
HCC in NA-treated patients with CHB that incorporates HBeAg
as a variable indirectly suggests that HBeAg positivity may not
be associated with the development of HCC.26,27

NA is generally not regarded as having an inherent immune
regulatory effect by itself.28 Thus, there appears to be a
fundamental difference between NA-induced HBeAg sero-
clearance vs. spontaneous or IFN-induced HBeAg seroclear-
ance, which is driven by enhanced host immunity. When
compared with spontaneous induction or IFN treatment, the
incidence of HBeAg seroclearance was lower in patients
treated with NA.29 Additionally, the duration of HBeAg sero-
clearance induced by NA treatment was shorter compared to
that achieved with IFN.30 NA treatment can potentially enhance
the reactivity of HBV-specific T cells. However, these drugs
may also decrease the amount of viral antigens, which are
necessary to stimulate immune responses. During early lam-
ivudine treatment, HBV-specific T cells were detected, but their
activity was partial, temporary, and usually disappeared within
about 6 months, without a significant increase in the HBeAg
seroconversion rate.31 The use of more potent NAs did not
appear to enhance the effects of increasing the rate of HBeAg
seroclearance.29 Our observation suggests that HBV DNA
levels are the major driver of HCC risk. In the natural history of
the infection or in IFN-treated patients, HBV DNA suppression
is usually associated with HBeAg seroconversion. Those who
do not clear HBeAg, usually have higher HBV DNA level
on average. In contrast, HBV DNA is potently suppressed in
patients treated with NAs, rendering HBeAg seroclear-
ance irrelevant.

The exact mechanism by which NA treatment leads to a
decrease in HBeAg levels remains uncertain. It is possible that
the reduction in HBeAg levels results from the death of infected
cells, the prevention of new rounds of HBV infection, and the
replacement of infected cells with non-infected cells, which
may further diminish the intrahepatic covalently closed circular
DNA (cccDNA) pool. HBeAg seroconversion is not only asso-
ciated with a decrease in the cccDNA pool but also with a
JHEP Reports, ---
reduction in transcriptional activity.32 HBeAg seroclearance in
patients undergoing NA treatment can also be explained by
negative frequency-dependent selection. Genetic drift, which
refers to random fluctuations in the relative frequencies of ge-
netic variants (such as the wild-type virus and HBeAg-negative
mutant viruses) within a population, can either enhance or
counteract the impact of negative frequency-dependent se-
lection.33 These fluctuations occur when there is a small
effective population size, defined as the number of replicating
virions in an ‘ideal’ population that would exhibit the same
degree of genetic drift as the non-ideal population under study,
with amplified sampling effects. If NA effectively reduces viral
replication to a level where the daily production of virions from
each cccDNA is balanced, it leads to an increased effective
population size and a reduction in genetic drift. As a result, the
higher frequency of HBeAg-negative mutants with a replicative
advantage, stemming from energy savings due to the absence
of HBeAg translation or reduced transcription of precore
mRNA, may lead to HBeAg seroclearance.34,35 A previous
observation that patients with HBeAg seroconversion had a
higher level of full genome diversity at baseline may indirectly
support this hypothesis of the negative frequency-dependent
selection of HBeAg-negative mutants.33 Given the association
between HBeAg-negative mutants carrying precore/core mu-
tations and an increased risk of HCC,36 it is speculated that the
increased HCC risk associated with these mutants counteracts
the risk reduction attributed to the reduction of cccDNA ach-
ieved through NA treatment. From this perspective, it is sug-
gested that HBeAg serves as an indicator of the early virologic
phase of CHB rather than a direct carcinogen in non-cirrhotic
patients undergoing NA treatment.16 Therefore, if the objec-
tive is to prevent HCC development, achieving HBeAg sero-
clearance in the context of NA treatment is unlikely to be an
appropriate surrogate endpoint.

Most risk factors identified from univariable and multivari-
able analyses are consistent with well-established risk factors
reported in prior studies.37–39 While we identified several risk
factors for HCC, the impact of some, including FIB-4, has not
been conclusively determined. FIB-4, similar to platelet count,
could serve as an indicator of fibrotic burden. However,
focusing on patients with a median FIB-4 index of 1.9 pre-
sented challenges in accurately assessing how each unit in-
crease in FIB-4 affects the risk of developing HCC.40

Additionally, the median HBV DNA level was measured as 8.0
log10 IU/ml in our cohort, which corresponds to the margin of
the parabolic association between DNA and HCC risk identified
in a recent study.41 Therefore, it may have been difficult to
assess the impact of DNA levels on risk through Cox regression
analysis due to its parabolic association. Unlike HBV DNA,
which is known to influence the progression of decompensated
cirrhosis, the impact of HBeAg on disease progression is not
well understood.42,43 In our study, we were able to identify
the effects of baseline fibrotic burden and HBV DNA
through multivariable analysis. However, we were unable to
ascertain the impact of HBeAg seroclearance as a time-
dependent variable.

Our study has several limitations. First, as an observational
study, our results may be susceptible to bias and confounding.
Particularly, since HBeAg, anti-HBe, and HBV DNA were not
regularly monitored during the study period according to pre-
2024. vol. 6 j 1–8 6
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established protocols, there might be an inevitable bias from the
consistency assumption, which might weaken the causal claim
of our study.44 To mitigate these limitations, we applied rigorous
statistical methods, including IPTW analysis, time-dependent
Cox analysis, and landmark analysis, and conducted various
sensitivity and stratified analyses.45,46 Given the relatively low
incidence of HCC and liver-related outcomes in non-cirrhotic
patients with CHB, an observational study with a large sample
size (such as ours) may serve as the only alternative to a pro-
spective study or a randomized-controlled trial for evaluating
HCC risk factors in this patent population.47 Second, as a single
nation study, this study included only Korean patients who are
predominantly infected with genotype C,48 which is associated
with a higher risk of HCC,49 through vertical transmission. The
generalizability of our findings to patients with different geno-
types of HBV may be limited. However, it should be noted that
such a study was possible only in Korea because a significant
number of patients with genotype C infection, which is associ-
ated with delayed HBeAg seroclearance,50 initiate NA treatment
JHEP Reports, ---
during the HBeAg-positive CHB phase. Third, our study lacks
data on new emerging biomarkers for HBV, such as HBV RNA,
HBcrAg, and quantitative HBsAg, which were not routinely
tested in clinical practice. These biomarkers could have acted as
a confounder in the association between HBeAg seroclearance
during antiviral treatment and the risk of HCC development.
Further investigations might be warranted in patients with
different HBV genotypes and ethnicities, as well as several
baseline novel biomarkers.

In conclusion, our comprehensive analysis, including a large
number of non-cirrhotic, HBeAg-positive patients with CHB
treated with ETV or TDF, found that HBeAg seroclearance
during antiviral treatment was not associated with on-treatment
HCC risk, regardless of the timing of HBeAg seroclearance.
Although the underlying mechanism is not fully understood, our
findings indicate that targeting HBeAg seroclearance as an
endpoint for NA treatment may not be appropriate in the
context of HCC and decompensated cirrhosis prevention.
Further studies are warranted to validate our findings.
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