
OR I G I N A L AR T I C L E

Chronic hepatitis B baseline viral load and on-treatment
liver cancer risk: A multinational cohort study
of HBeAg-positive patients

Won-Mook Choi1 | Terry Cheuk-Fung Yip2 | W. Ray Kim3 | Leland J. Yee4 |

Craig Brooks-Rooney5 | Tristan Curteis6 | Laura J. Clark6 | Zarena Jafry5 |

Chien-Hung Chen7 | Chi-Yi Chen8 | Yi-Hsiang Huang9,10 | Young-Joo Jin11 |

Dae Won Jun12 | Jin-Wook Kim13,14 | Neung Hwa Park15,16 |

Cheng-Yuan Peng17,18 | Hyun Phil Shin19 | Jung Woo Shin15 |

Yao-Hsu Yang20,21 | Grace Lai-Hung Wong2 | Young-Suk Lim1

1Department of Gastroenterology, Liver Center, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

2Department of Medicine and Therapeutics, Medical Data Analytics Centre, The Chinese University of Hong Kong, Hong Kong SAR, China

3Department of Medicine, Division of Gastroenterology and Hepatology, Stanford University School of Medicine, Stanford, California, USA

4Gilead Sciences, Foster City, California, USA

5Costello Medical Inc, Boston, Massachusetts, USA

6Costello Medical Consulting Ltd, Cambridge, UK

7Department of Internal Medicine, Division of Hepatogastroenterology, Kaohsiung Chang Gung Memorial Hospital and Chang Gung University College of Medicine,
Kaohsiung, Taiwan

8Department of Internal Medicine, Division of Hepatogastroenterology, Ditmanson Medical Foundation Chia-Yi Christian Hospital, Chia-Yi, Taiwan

9Department of Medicine, Division of Gastroenterology and Hepatology, Taipei Veterans General Hospital, Taipei, Taiwan
10Institute of Clinical Medicine, National Yang Ming Chiao Tung University, Taipei, Taiwan
11Department of Internal Medicine, Digestive Disease Center, Inha University Hospital, Inha University School of Medicine, Incheon, Korea
12Department of Internal Medicine, Hanyang University Hospital, Hanyang University College of Medicine, Seoul, Korea
13Department of Medicine, Seoul National University Bundang Hospital, Seongnam, Korea
14Department of Internal Medicine, Seoul National University College of Medicine, Seoul, Korea
15Department of Internal Medicine, University of Ulsan College of Medicine, Ulsan University Hospital, Ulsan, Korea
16Biomedical Research Center, University of Ulsan College of Medicine, Ulsan University Hospital, Ulsan, Korea
17Department of Internal Medicine, Center for Digestive Medicine, China Medical University Hospital, Taichung, Taiwan
18School of Medicine, China Medical University, Taichung, Taiwan
19Department of Gastroenterology and Hepatology, Kyung Hee University Hospital at Gangdong, Kyung Hee University School of Medicine, Seoul, Korea

20Department of Traditional Chinese Medicine, Chiayi Chang Gung Memorial Hospital, Chiayi, Taiwan
21Health Information and Epidemiology Laboratory, Chang Gung Memorial Hospital, Chiayi, Taiwan

Abbreviations: ALT, alanine aminotransferase; CHB, chronic hepatitis B; mPAGE-B, modified Platelet Age GEnder-HBV; PH, proportional hazard; PSM, propensity
score matching; PSW, propensity score weighting; TDF, tenofovir disoproxil fumarate.

Won-Mook Choi is the first author.

Grace Lai-Hung Wong and Young-Suk Lim are the co-corresponding authors.

Supplemental Digital Content is available for this article. Direct URL citations are provided in the HTML and PDF versions of this article on the journal's website,
www.hepjournal.com.

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
This is an open access article distributed under the terms of the Creative Commons Attribution-Non Commercial-No Derivatives License 4.0 (CCBY-NC-ND), where it
is permissible to download and share the work provided it is properly cited. The work cannot be changed in any way or used commercially without permission from the
journal.
Copyright © 2024 The Author(s). Published by Wolters Kluwer Health, Inc.

Received: 16 June 2023 | Accepted: 12 December 2023

DOI: 10.1097/HEP.0000000000000752

428 | www.hepjournal.com Hepatology. 2024;80:428–439

https://orcid.org/0000-0002-9158-1765
https://orcid.org/0000-0002-9158-1765
https://orcid.org/0000-0002-9158-1765
https://orcid.org/0000-0002-9158-1765
https://orcid.org/0000-0002-0369-5878 
https://orcid.org/0000-0002-0369-5878 
https://orcid.org/0000-0002-0369-5878 
https://orcid.org/0000-0002-0369-5878 
https://orcid.org/0000-0002-0369-5878 
https://orcid.org/0000-0003-4378-2420
https://orcid.org/0000-0003-4378-2420
https://orcid.org/0000-0003-4378-2420
https://orcid.org/0000-0003-4378-2420
https://orcid.org/0000-0001-9428-4793
https://orcid.org/0000-0001-9428-4793
https://orcid.org/0000-0001-9428-4793
https://orcid.org/0000-0001-9428-4793
https://orcid.org/0000-0001-9428-4793
https://orcid.org/0000-0002-1544-577X
https://orcid.org/0000-0002-1544-577X
https://orcid.org/0000-0002-1544-577X
http://www.hepjournal.com
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://www.hepjournal.com


Abstract

Background and Aims: A single-nation study reported that pretreatment

HBV viral load is associated with on-treatment risk of HCC in patients who

are HBeAg-positive without cirrhosis and with chronic hepatitis B initiating

antiviral treatment. We aimed to validate the association between baseline

HBV viral load and on-treatment HCC risk in a larger, multinational cohort.

Approach and Results: Using a multinational cohort from Korea, Hong

Kong, and Taiwan involving 7545 adult patients with HBeAg-positive, without

cirrhosis and with chronic hepatitis B who started entecavir or tenofovir

treatment with baseline HBV viral load ≥ 5.00 log10 IU/mL, HCC risk was

estimated by baseline viral load. HBV viral load was analyzed as a cate-

gorical variable. During continuous antiviral treatment (median, 4.28 y), HCC

developed in 200 patients (incidence rate, 0.61 per 100 person-years).

Baseline HBV DNA level was independently associated with on-treatment

HCC risk in a nonlinear pattern. HCC risk was lowest with the highest baseline

viral load (≥8.00 log10 IU/mL; incidence rate, 0.10 per 100 person-years), but

increased sharply as baseline viral load decreased. The adjusted HCC risk

was 8.05 times higher (95% CI, 3.34–19.35) with baseline viral load ≥6.00

and <7.00 log10 IU/mL (incidence rate, 1.38 per 100 person-years) compared

with high (≥8.00 log10 IU/mL) baseline viral load (p<0.001).

Conclusions: In a multinational cohort of adult patients with HBeAg-positive

without cirrhosis and with chronic hepatitis B, baseline HBV viral load was

significantly associated with HCC risk despite antiviral treatment. Patients with

the highest viral load who initiated treatment had the lowest long-term risk of

HCC development.

INTRODUCTION

Chronic hepatitis B virus infection (CHB) is the most
important global cause of HCC, the most common
primary cancer of the liver.[1,2] Liver cancer is the third
leading cause of cancer-related death worldwide and
rapidly fatal in the majority of patients, with 905,677 new
cases and 830,180 deaths in 2020.[1] Without antiviral
treatment, up to 25% of patients with CHB develop HCC
in their lifetime.[2] It has been consistently shown that
long-term antiviral treatment is tolerable and reduces
HCC risk and mortality in patients with CHB.[3,4] None-
theless, globally, only 2.2% of patients with CHB
received antiviral treatment in 2019.[5]

One reason for the severely limited treatment
coverage for CHB infection is that current clinical
practice guidelines restrict antiviral treatment primarily
to patients with confirmed hepatic necroinflammation,
that is, elevated alanine aminotransferase (ALT),
regardless of serum HBV DNA levels.[3,4,6] Within these
guidelines, patients in the initial phase of HBV infection
with positive HBeAg and high serum HBV DNA levels

(≥8.00 log10 IU/mL) may not qualify for treatment, often
needing to wait until ALT levels become elevated.

Serum HBV DNA levels become rapidly undetectable
after the initiation of antiviral treatment in patients with
CHB.[3] Therefore, baseline HBV viral load has been
regarded as an insignificant predictor of on-treatment
HCC risk in patients with CHB.[7–9] However, a recent
single-nation study found that baseline viral load was
inversely associated with HCC risk in patients who are
HBeAg-positive with CHB during antiviral treatment.[10]

The on-treatment risk of HCC was 6 times higher in
patients initiating treatment with baseline HBV viral loads
of 5.00–5.99 log10 IU/mL versus patients with baseline
viral load ≥8.00 log10 IU/mL. The increased risk of HCC
in patients with decreased viral load was reducible, but
not completely reversible, with antiviral treatment.[10]

These findings suggest that adult patients who are
HBeAg-positive without cirrhosis with high viral load may
have to be treated regardless of ALT levels, as treatment
in this early phase could prevent HCC risk from
irreversibly increasing. However, the findings from this
single-nation study were not readily generalizable.
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This study aimed to further investigate the association
between baseline HBV viral load and HCC risk in adult
patients with HBeAg-positive without cirrhosis initiating
antiviral treatment in a larger, multinational data set.

METHODS

Study population

The source population (n=8250) for the present study
was derived from a historical cohort of adult patients
with HBeAg-positive without cirrhosis, treatment-naïve,
and with CHB with baseline HBV viral load ≥ 5.00 log10
IU/mL who initiated either entecavir or tenofovir
disoproxil fumarate (TDF) treatment and were followed
up for ≥ 1 year, from 11 study sites in Korea, Hong
Kong, and Taiwan (Figure 1, Supplemental Table S1,
http://links.lww.com/HEP/I218, Supplemental Table S2,
http://links.lww.com/HEP/I218).

Patients were ineligible for inclusion if they had HBV
viral load <5.00 log10 IU/mL at baseline; were missing
HBV viral load; were HBsAg-negative or HBeAg-negative
at baseline or had either status missing; were coinfected
with HIV, HCV, or HDV; exhibited evidence of alcohol-
associated liver disease or autoimmune hepatitis, preva-
lent HCC, cirrhosis (or status missing), or any other
malignancy before baseline; had received a liver trans-
plant before or within 12 months of treatment initiation; or
developed HCC within 12 months of treatment initiation.

The presence of cirrhosis was determined using a
composite objective definition to account for variation
between study sites. Patients with site-defined cirrhosis
and Child-Pugh score ≥6 were classified as cirrhotic; in

addition, patients with baseline platelet count<100,000/µL
were classified as cirrhotic.

Outcome

The outcome of interest was HCC incidence. The index
date was the date of initiating entecavir or TDF, and
patients were followed up with regular HCC surveillance
every 6 months from the index date to the date of HCC
development, liver transplantation, or death. Histologic
examination or characteristic imaging features (nodule
>1 cm with arterial hypervascularization and portal/
delayed-phase washout) on dynamic CT or MRI were
used to diagnose HCC.[11,12]

Statistical analyses

Patients were grouped for analysis into 4 tiers of
baseline HBV viral load. Baseline characteristics were
summarized with continuous variables presented as the
median (Q1, Q3) and categorical or discrete variables
presented as n (%). Full details on statistical analyses
are provided in the Supplemental Appendix, http://links.
lww.com/HEP/I218.

In summary, all analyses aimed to compare on-
treatment risk of HCC across HBV DNA viral load tiers.
Missing data were evaluated and then multiply
imputed using predictive mean matching. Variables
included in the imputation process are specified in
Supplemental Table S3, http://links.lww.com/HEP/
I218. The proportional hazards (PH) assumption was
inspected for one multiply imputed dataset by means
of Schoenfeld residuals (Supplemental Figure S1).

HBeAg-positive, non-cirrhotic, adult patients with CHB with baseline HBV DNA levels ≥5.00 log10 IU/mL
who started treatment with ETV or TDF 

Study population (n=7545)

HBeAg-positive, non-cirrhotic, treatment-naïve, adult patients with CHB and baseline HBV DNA ≥5.00 log10 IU/mL
who started treatment with ETV or TDF and were followed up ≥1 year at 11 study sites in Korea,

Hong Kong, and Taiwan
Source population (n=8250)

705 were excluded
• Co-infection with HIV, hepatitis C virus, or hepatitis D virus: 136
• Presence of alcohol-associated liver disease or auto-immune hepatitis: 19
• Prevalent HCC or other malignancy prior to start of treatment: 550

Baseline HBV DNA levels
≥5.00–<6.00 log10 IU/mL

1071

Baseline HBV DNA levels
≥6.00–<7.00 log10 IU/mL

1561

Baseline HBV DNA levels
≥7.00–<8.00 log10 IU/mL

1984

Baseline HBV DNA levels
≥8.00 log10 IU/mL

2929

F IGURE 1 Patient flow. Abbreviations: CHB, chronic hepatitis B; ETV, entecavir; TDF, tenofovir disoproxil fumarate.
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Patients were censored at 6.5 years’ follow-up to meet
the PH assumption.

Cumulative HCC incidence curves were stratified by
baseline HBV viral load and compared using the log-
rank test. A multivariable Cox PH model was fitted to
assess the association between baseline HBV viral load
and HCC risk with the time to event of HCC as the
outcome of interest. The model adjusted for all variables
specified in Supplemental Table S3, http://links.lww.
com/HEP/I218. Propensity score weighting (PSW) and
propensity score matching (PSM) analyses were
conducted to reduce bias by balancing baseline
characteristics between patients of the different viral
load tiers; the same variables were adjusted for in the
propensity score models as in the primary multivariable
analysis, with the exception of viral load.

On-treatment HCC risk by baseline HBV viral load
was modeled using a penalized spline regression.

Sensitivity analyses were additionally conducted. A
nested case-control analysis aimed to show the robust-
ness of the primary results. A further multivariable Cox
PH analysis excluded patients from the Choi et al
study[13] to validate the findings from Choi et al without
bias resulting from the inclusion of the same group of
patients in both analyses.

Stratified multivariable Cox PH analyses were con-
ducted for baseline age (one which stratified patients into 2
groups:<50 years and ≥50 years and one which stratified
patients into 4 groups: <40 years, ≥40 years and

<50 years, ≥50 years and <60 years, and ≥60 years),
modified Platelet Age GEnder-HBV (mPAGE-B) level
(<11 and ≥11),[14] and platelet count (<150,000/µL and
≥150,000/µL) to assess the impact of these characteristics
on the results.

Three subgroupmultivariable Cox PH analyses with age
(<50 y and ≥50 y; or <40 y, ≥40 y and <50 y, ≥50 y and
<60 y, and ≥60 y) or mPAGE-B score (<11 and ≥11) as
a categorical fixed effect were conducted to determine the
moderation effect between HBV viral load and age or
mPAGE-B score as categorical variables.

R version 4.2.1 was used for all statistical
analyses.[15] All tests were two-sided, and a significance
level of p<0.05 was used across the analyses.

RESULTS

Patient disposition and baseline
characteristics

After the application of eligibility criteria, data from 7545
patients were included in the analysis. Patients were
grouped into 4 tiers of baseline HBV viral load: ≥8.00
log10 IU/mL, ≥7.00 and <8.00 log10 IU/mL, ≥6.00 and
<7.00 log10 IU/mL, and ≥5.00 and <6.00 log10 IU/mL, with
over 1000 patients in each tier (Table 1 and Figure 1).
Median (Q1, Q3) age for all patients was 44 (35, 53) years
and most were male (61.6%). Median (Q1, Q3) follow-up

TABLE 1 Baseline characteristics of the study population of 7545 patients

HBV viral load (log10 IU/mL)

Variable
Whole cohort
(n=7545)

≥5.00 to <6.00
(n=1071)

≥6.00 to <7.00
(n=1561)

≥7.00 to <8.00
(n= 1984)

≥8.00
(n= 2929)

Age (y) 44 (35, 53) 50 (42, 57) 48 (38, 56) 42 (34, 52) 40 (33, 50)

Sex (male) 4648 (61.6) 666 (62.2) 984 (63.0) 1139 (57.4) 1859 (63.5)

Platelet count (1000
platelets/µL)

187 (154, 226) 175 (142, 214) 175 (143, 213) 187 (154, 227) 197 (166, 235)

ALT (U/L)a 111 (62, 231) 66 (42, 126) 83 (50, 161) 128 (75, 266) 135 (84, 280)

Albumin (g/dL) 4.1 (3.8, 4.4) 4.2 (3.9, 4.4) 4.1 (3.9, 4.4) 4.1 (3.8, 4.4) 4.1 (3.8, 4.4)

Bilirubin (mg/dL) 0.8 (0.6, 1.1) 0.8 (0.6, 1.1) 0.8 (0.6, 1.1) 0.8 (0.6, 1.1) 0.8 (0.6, 1.1)

Creatinine (mg/dL) 0.9 (0.7, 1.0) 0.9 (0.7, 1.0) 0.9 (0.7, 1.0) 0.8 (0.7, 1.0) 0.8 (0.7, 1.0)

Diabetes 828 (11.0) 154 (14.4) 219 (14.0) 208 (10.5) 247 (8.4)

Hypertension 1333 (17.7) 240 (22.4) 349 (22.4) 342 (17.2) 402 (13.7)

mPAGE-B scoreb 9 (7, 12) 10 (8, 12) 10 (8, 12) 9 (6, 11) 8 (6, 11)

Patients receiving each
treatment

ETV: 5564 (73.7) ETV: 809 (75.5) ETV: 1198 (76.8) ETV: 1434 (72.3) ETV: 2123
(72.5)

TDF: 1981 (26.3) TDF: 262 (24.5) TDF: 363 (23.3) TDF: 550 (27.7) TDF: 806 (27.5)

Follow-up time (years) 4.3 (2.7, 5.0) 4.2 (2.8, 5.0) 4.2 (2.6, 5.0) 4.4 (2.7, 5.0) 4.3 (2.6, 5.1)

Continuous variables are summarized using median (Q1, Q3), categorical variables are summarized using n (%); missing data for each variable were excluded when
producing these summaries.
aALT was adjusted for as a categorical variable, split into the following levels based on ULN (35 U/L for males, 25 U/L for females): <1 × ULN (n= 449 [6.0%]); ≥ 1 to
<2 × ULN (n= 1434 [19.0%]); ≥ 2 × ULN (n= 5662 [75.0%]).
bIncludes age, sex, platelet count, and albumin.
Abbreviations: ALT, alanine aminotransferase; ETV, entecavir; mPAGE-B, modified Platelet Age GEnder-HBV; TDF, tenofovir disoproxil fumarate; ULN, upper limit of normal.
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time was 4.3 (2.7, 5.0) years. Baseline characteristics were
similar across HBV viral load tiers except for age, platelet
counts, and ALT; patients in lower viral load tiers were older
and had lower platelet counts and ALT levels, which were
well-balanced after PSWand PSMwith standardizedmean
differences <0.1 for all variables (Supplemental Table S4,
http://links.lww.com/HEP/I218 and Supplemental Table S5,
http://links.lww.com/HEP/I218).

HCC risk

In total, 200 patients developed HCC over the course of the
study, with an incidence rate of 0.61 per 100 person-years
(95% CI, 0.53–0.70). HCC incidence rates were 0.10 (95%
CI, 0.50–0.17), 0.48 (95% CI, 0.35–0.65), 1.38 (95% CI,
1.11–1.69), and 1.17 (95% CI, 0.88–1.53) in patients with
HBV viral load ≥8.00 log10 IU/mL, ≥7.00 and <8.00 log10
IU/mL, ≥6.00 and<7.00 log10 IU/mL, and ≥5.00 and<6.00
log10 IU/mL, respectively (Table 2). Cumulative incidence of
HCC was significantly different by baseline viral load tiers; it
was lowest in patients with baseline viral load ≥8.00 log10
IU/mL and highest in those with baseline viral load ≥5.00
and <8.00 log10 IU/mL (p<0.001; Figure 2A). This result
was consistent in the PSW and PSM populations, in which

baseline viral load ≥8.00 log10 IU/mL again had the lowest
cumulative HCC incidence (Figures 2B, C).

Bymultivariable Cox PH analyses, baseline HBVDNA
level was independently associated with on-treatment
HCC risk. Patients with moderate baseline viral load
(≥5.00 and <8.00 log10 IU/mL) had between 4 and 8
times higher on-treatment HCC risk than those with high
baseline viral load (≥8.00 log10 IU/mL; p<0.01;
Table 2), which was consistently observed in the PSW
and PSM analyses (Supplemental Table S6, http://links.
lww.com/HEP/I218 and Supplemental Table S7, http://
links.lww.com/HEP/I218). In contrast, elevated baseline
ALT levels (≥2 × upper limit of normal) were not
significantly associated with HCC risk (Table 2).

A penalized spline regression curve also showed that
the on-treatment risk of HCC increased sharply as
baseline HBV viral loads decreased below 8.00 log10
IU/mL and flattened below 6.00 log10 IU/mL (Figure 3).

Sensitivity analyses

These results were corroborated in the nested case-
control study (Supplemental Table S8, http://links.lww.
com/HEP/I218). An increased HCC risk was shown as

TABLE 2 Univariable and multivariable analyses showing the association of HBV viral load, and on-treatment risk of HCC

Variables
Incidence rate
(per 100 PYs) HR

95% CI
(lower) 95% CI (upper) p

Univariable analysis

HBV viral load tier (log10 IU/mL)

≥ 8.00 0.10 1.00 (reference) — — —

≥ 7.00 and <8.00 0.48 4.81 2.04 11.30 0.0004

≥ 6.00 and <7.00 1.38 13.39 5.73 31.28 <0.0001

≥ 5.00 and <6.00 1.17 11.20 5.44 23.05 <0.0001

Multivariable analysis

HBV viral load tier (log10 IU/mL)

≥ 8.00 0.10 1.00 (reference) — — —

≥ 7.00 and <8.00 0.48 4.04 1.68 9.73 0.002

≥ 6.00 and <7.00 1.38 8.05 3.34 19.35 < 0.001

≥ 5.00 and <6.00 1.17 6.23 3.10 12.51 < 0.001

Age, y, per 1-year increase — 1.57 1.27 1.95 < 0.001

Sex —

Female 1.00 (reference) — — —

Male 2.19 1.35 3.56 0.002

Platelet count, ×1000/μL, per 1000/
μL increase

— 0.56 0.48 0.65 < 0.001

ALT levels, U/La —

< 1 × ULN 1.00 (ref) — — —

≥ 1 to <2 × ULN 1.89 1.18 3.02 0.008

≥ 2 × ULN 0.86 0.53 1.40 0.55

The multivariable model adjusted for all baseline characteristics except for follow-up time and mPAGE-B score.
aALT was adjusted for as a categorical variable, split into the following levels based on ULN (35 U/L for males, 25 U/L for females): <1 × ULN; ≥ 1 to <2 × ULN;
≥ 2 × ULN.
Abbreviations: PY, person-year; ULN, upper limit of normal.
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adjusted odds ratios of 4.41 (95% CI, 2.23–8.75), 8.42
(95% CI, 4.29–16.55), and 6.65 (95% CI, 3.34–13.25)
for patients with HBV viral load ≥ 7.00 and <8.00 log10
IU/mL, ≥ 6.00 and <7.00 log10 IU/mL, and ≥ 5.00 and
<6.00 log10 IU/mL, respectively, compared with those
with HBV viral load ≥ 8.00 log10 IU/mL. Baseline ALT
levels again were not significantly associated with
HCC risk.

Results excluding patients from the Choi et al study
aligned with those of the full study cohort. Patients with
moderate baseline viral load (≥5.00 and <8.00 log10 IU/
mL) had between 3 and 7 times higher on-treatment HCC
risk than those with high baseline viral load (≥8.00 log10
IU/mL; p<0.01; Supplemental Table S9, http://links.lww.
com/HEP/I218).

Stratified analyses

Analyses stratified by baseline age (<50 y and ≥50 y),
mPAGE-B score (<11 and ≥11), and platelet count

(<150,000/µL and ≥150,000/µL) consistently showed
that regardless of these patient factors, high baseline
viral load (≥8.00 log10 IU/mL) was significantly associ-
ated with the lowest on-treatment risk of HCC (Supple-
mental Table S10, http://links.lww.com/HEP/I218).

The stratified analysis assessing HCC risk within the
4 age groups (<40 y, ≥ 40 y and <50 y, ≥ 50 y and
<60 y, and ≥ 60 y) found that, in the 3 latter age groups,
patients with baseline HBV viral load ≥ 5.00 and <7.00
log10 IU/mL had a significantly higher risk of HCC
development than those with baseline viral load ≥ 8.00
log10 IU/mL (p<0.05), in line with the primary findings
(Supplemental Table S10, http://links.lww.com/HEP/
I218). Among the youngest group of patients (<40 y),
the association between baseline HBV viral load and
HCC risk was not statistically significant, although it
should be noted that the number of HCC events
occurring for each viral load tier was very low in this
age group.

Multivariable analyses with age or mPAGE-B as a
categorical fixed effect found that point estimates varied

HBV DNA Tier (log10 IU/mL) ≥8.00 ≥7.00 to <8.00 ≥6.00 to <7.00 ≥5.00 to <6.00

p<0.0001

0.100
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2929
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1561
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2929
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1561
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1570

1113
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(A)

F IGURE 2 Cumulative incidence of HCC during treatment by baseline HBV viral load levels. (A) Unweighted analysis. (B) PSW analysis. (C)
PSM analysis (high vs. moderate viral load tiers). High and moderate viral loads indicated baseline serum HBV DNA levels ≥8.00 log10 IU/mL and
≥5.00 to <8.00 log10 IU/mL, respectively. Abbreviations: PSM, propensity score matching; PSW, propensity score weighting.
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across the subgroups (age <50 y and ≥50 y; age
<40 y, ≥ 40 y and <50 y, ≥50 y and <60 y, and ≥ 60 y;
mPAGE-B score <11 and ≥ 11). However, p values
were not significant, indicating no moderation effect
between HBV viral load and age or mPAGE-B score as
categorical variables (ie, the risk of HCC in each HBV
DNA tier was not significantly different across all age
subgroups and both mPAGE-B subgroups; Supplemen-
tal Table S11, http://links.lww.com/HEP/I218).

DISCUSSION

We found that pretreatment baseline HBV viral load is
significantly associated with HCC risk despite antiviral
treatment in a large multinational cohort of patients
who are HBeAg-positive without cirrhosis and with
CHB from 11 study sites in Korea, Hong Kong, and
Taiwan. Patients initiating antiviral treatment with a
high baseline viral load (≥ 8.00 log10 IU/mL) had the
lowest on-treatment risk of HCC. In contrast, risk
increased sharply as baseline viral load decreased,

which persisted during the whole antiviral treatment
period. Adjusted on-treatment HCC risk was 4–8 times
higher with baseline viral load ≥ 5.00 and <8.00 log10
IU/mL versus baseline viral load ≥ 8 log10 IU/mL.
These findings were consistent in the PSW, PSM, and
nested case-control analyses, and in the analysis
which excluded patients from the Choi et al study.
Furthermore, the findings were corroborated in the
analyses of patients stratified by age, mPAGE-B
score, and platelet count.

Most patients with CHB have positive HBeAg and
high serum levels of HBV DNA (≥8 log10 IU/mL) at the
initial phase of infection and slowly progress to decline
in HBV DNA levels if untreated.[3,4,6] Therefore, our
results strongly suggest that initiating antiviral treatment
at an earlier point when patients have high baseline viral
load would maintain the lowest risk of HCC over the
duration of treatment.

Our findings are consistent with a recent single-nation
study from Korea,[10] which found that patients who are
HBeAg-positive with CHB who initiated treatment with
moderate viral load (5.00–7.99 log10 IU/mL) had a
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significantly higher risk of HCC than those who started the
treatment with higher baseline viral load. As the number of
patients and HCC events included in our analyses were
far greater, the present study provides more robust results
than the aforementioned study in Korea. Furthermore, our
findings are consistent with a study that demonstrated that
HCC risk was highest with baseline HBV DNA levels of
6.00–7.00 log10 IU/mL in untreated patients who are
HBeAg-positive without cirrhosis and with CHB.[16]

The REVEAL cohort reported that higher baseline
serum HBV DNA levels are associated with an
increased risk of HCC in untreated patients without
cirrhosis and with CHB,[17] a finding that apparently
stands in contrast to our analysis. However, the
REVEAL cohort included mostly patients who are
HBeAg-negative (85%) who predominantly had ALT
levels within the normal range, and the highest tier of
HBV DNA in the analysis was 106 copies/mL (~5 log10
IU/mL). Therefore, our findings among patients who are
HBeAg-positive who initiated antiviral treatment with
higher baseline HBV DNA levels (≥ 5.00 log10 IU/mL)
and elevated ALT are complementary rather than
contradictory to the REVEAL cohort study.

Several mechanisms may explain the association
between higher baseline HBV viral load and lower HCC
risk. First, with the prolonged duration of the HBeAg-
positive phase of CHB, HBV viral DNA integrations into the
host genome accumulate, causing chromosomal damage
and instability and leading to the functional loss of tumor-
suppressor genes or activation of tumor-promoting genes
associated with hepatocarcinogenesis.[18–21] Second, the
immune response mounted in the HBeAg-positive phase
of CHB causes the destruction of infected hepatocytes by
T cells and consequent clonal expansion of hepatocytes
selected for viral resistance, resulting in a progressive
decline in serum HBV DNA levels but also potentially
increasing the likelihood of carcinogenesis.[22,23] Indeed,
lower HBV viral load levels have been found to be a risk
factor for a significantly greater degree of hepatic
inflammation.[24] These data collectively suggest that
patients accumulate HCC risk with decreasing HBV viral
loads during CHB infection.

Current guidelines for patients who are HBeAg-
positive recommend treatment only in patients with
elevated ALT levels or evidence of significant histologic
disease despite high HBV DNA levels.[3,4] Although liver
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biopsy is the gold standard for assessing the degree of
histologic disease, it is rarely conducted in clinical
practice and thus elevated ALT levels are often used to
inform treatment decision-making. However, ALT levels
are not always consistent with the degree of liver
inflammation in patients with CHB.[24–27] One study
found that nearly a third of patients with detectable HBV
DNA and normal ALT levels without significant fibrosis
still had significant liver inflammation.[28] Thus, ALT is
not a reliable or sensitive indicator for histologic disease
in these patients. In such patients with normal ALT,
moderate HBV DNA levels are independent predictors
of significant liver inflammation,[24,25,28] a finding in line
with our results, where patients with moderate HBV
DNA levels also had the highest risk of HCC.

The impact of treating patients with normal/minimally
raised ALT levels has been investigated in several
studies. A clinical trial reported a significant benefit of
TDF treatment in reducing the risk of liver fibrosis
progression and the number of transcriptionally active
distinct HBV-host DNA integrations in patients with
elevated HBV DNA and minimally raised ALT.[29] A
historical cohort study in patients who are HBeAg-
positive with CHB reported that untreated patients with
normal ALT levels had a significantly higher risk of HCC
and death or transplantation than treated patients with
high ALT levels, suggesting that treatment initiation early
in the disease course for certain patients with CHB could

prevent unnecessary deaths.[9] A multicenter cohort
study corroborated this finding, demonstrating that while
initiating treatment in patients who are HBeAg-positive
with moderate HBV DNA viral load (5.00–7.99 log10 IU/
mL) lowers long-term HCC risk, the risk still remains
higher than that of patients initiating treatment with high
baseline viral load (ie, earlier in the disease course).[10]

Other studies have demonstrated that expanding the
treatment criteria to include patients who are immune-
tolerant with CHB infection is highly cost-saving, by
preventing premature death and productivity loss among
economically active patients.[30,31] Together, these find-
ings point to the benefit of initiating antiviral treatment
early with high viral load in patients who are HBeAg-
positive with CHB, regardless of ALT levels.

Our findings complement the results of a retrospec-
tive cohort study that analyzed 855 patients who are
treatment-naïve with CHB in the indeterminate phase
between 1992 and 2021 at 14 sites within the United
States, Europe, and Asia.[32] The analysis found that
antiviral therapy reduces HCC risk by 70% for patients
with CHB in the indeterminate phase, suggesting that
patients who are not indicated for treatment under
current guidelines may nonetheless benefit substan-
tially from treatment. Indeed, an editorial article dis-
cussing the aforementioned study highlighted the need
for renewal and potential expansion of international
HBV treatment guidelines.[33]
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This study has several limitations. First, due to the
observational nature of the study design, our findings
are potentially subject to bias and confounding. To
overcome such limitations, we applied strict inclusion
criteria and implemented statistical methods to minimize
the possibility of confounding. Moreover, the study
cohort was large, which enabled adjustment for
baseline factors across HBV DNA tiers. The sensitivity
analyses, including PSW, PSM, and nested case-
control analyses, corroborated the findings of the
multivariable analysis. Considering that HCC incidence
in patients without cirrhosis and with CHB is relatively
low, a randomized clinical trial would be unrealistic to
establish the benefit of early treatment initiation in
patients with CHB. Therefore, our large-size historical
cohort study is a valid option to address this issue. All
the study sites were in East Asia, which may limit the
generalizability of these findings to patients with CHB
globally. Furthermore, as liver biopsy is rarely per-
formed before the initiation of antiviral treatment in
patients with CHB, and the majority of patients included
in the study did not have FibroScan data available, we
were unable to assess the change in fibrosis stage over
the course of the study and its association with on-
treatment HCC risk. Fibrosis data should be reported
separately in future studies. In addition, the criteria used
to determine the presence of cirrhosis may have failed
to detect Child-Pugh A5 compensated cirrhosis.
Patients with confirmed coinfections of HIV, HCV, or
HDV and those with evidence of alcohol-associated
liver disease were excluded from the analysis; however,
the presence of those characteristics could not be
systematically tested and verified, and patients missing
data for those characteristics may have been included.
Information regarding the genotype of included patients
was not available, preventing the assessment of
potential variation in genotype between the viral load
groups. Similarly, information on patients’ HBV DNA
levels during the year before treatment initiation was not
available; future research evaluating the association
between the stability of HBV DNA levels before
treatment and HCC risk would be valuable. Another
limitation is the lack of detailed information regarding
the discontinuation of antiviral therapy during the follow-
up. However, in Korea and Hong Kong, but not Taiwan,
the majority of patients remain on antiviral therapy
without discontinuation until achieving HBsAg sero-
clearance. Moreover, it is important to note that this
study was analyzed based on the intention-to-treat
principle.

Finally, most patients included in the present study
had elevated ALT levels, likely due to the treatment and
reimbursement guidelines in the countries from which the
study population was drawn.[34] Thus, patients in this
analysis were likely not in the very earliest phase of CHB
infection. However, a study in patients without cirrhosis
andwith untreated CHBwith normal ALT levels produced

results consistent with our findings, reporting that HCC
risk was highest with baseline HBV DNA levels of 6–7
log10 IU/mL, and lowest with >8 log10 IU/mL, indepen-
dent of other predictive factors.[16] Notably, an aforemen-
tioned study by Choi et al, which compared the risk of
HCC between patients with treated and untreated CHB,
stratified according to baseline viral load, highlighted the
importance of early initiation of antiviral treatment in
patients with high viral load.[10] The HCC risk that
accumulates while waiting for ALT levels to rise is never
fully reversible. Taking these previous findings into
consideration, our results indicate that treating patients
earlier in the disease course, before the elevation in ALT
levels, could maintain an even lower risk of HCC than
observed in the present analysis.

The present study found that high baseline HBV viral
load was associated with the lowest HCC risk and
decreasing baseline viral load was associated with
increasing on-treatment HCC risk in patients who are
HBeAg-positive without cirrhosis initiating entecavir or TDF.
These findings suggest that even with prolonged antiviral
treatment, the accumulation of the risk of HCC, indirectly
indicated by the declining HBV viral load, cannot be entirely
reversed. Given that currently recommended first-line anti-
HBV treatments have potent efficacy, high long-term safety
profiles, high genetic barrier to resistance, and lowered
cost, the early initiation of antiviral treatment when patients
have high HBV viral load may need to be considered to
maintain the lowest risk of HCC in adult patients with
HBeAg-positive without cirrhosis and with CHB.
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