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Introduction
Hepatocellular carcinoma (HCC), the most common form of 
primary liver cancer, is the third leading cause of cancer-re-
lated mortality worldwide (1). Global deaths from HCC are 
projected to double by 2040 (2, 3). The prognosis for HCC is 
extremely poor in all regions of the world, and the  incidence 
and mortality rates are roughly equivalent (4). Therefore, the 
most effective measure of reducing HCC-related mortality is 
the prevention of HCC occurrence.

The most common cause of HCC is chronic infection 
with hepatitis B virus (HBV) or hepatitis C virus (HCV) (2–4). 
By 2040, deaths from chronic viral hepatitis are projected to 
exceed the combined mortality rates associated with human 
immunodeficiency virus (HIV) infection, tuberculosis, and 
malaria (3). Approximately 3.9% of people worldwide, corre-
sponding to 292 million persons, were chronically infected with 
HBV (CHB) in 2016, and CHB is responsible for nearly 1 million 
deaths each year (5, 6).

Although the universal HBV vaccination program has been 
successfully implemented for almost 3 decades in many coun-
tries, most HBV-related HCCs occur in unvaccinated mid-
dle-aged and elderly adults (7, 8). Therefore, considering the 
birth cohort effect on HBV-related HCC incidence, secondary 
prevention of HCC through antiviral therapy for persons already 
chronically infected with HBV is the primary means of reducing 
HBV-related deaths. In fact, it has been simulated that treating 
80% of eligible individuals could reduce HBV-related deaths by 
65% in the short term (5). However, less than 10% of patients 
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entecavir (Table 1 and Figure 1). At baseline, the mean age of the 
patients in the entire study was 42.1 years, 63.0% were male and 
37.0% were female, and the median baseline HBV DNA level was 
8.0 log10 IU/mL (IQR, 7.2–8.3 log10 IU/mL).

When categorized according to the baseline HBV DNA level, 
1108 (53.4%), 521 (25.1%), 274 (13.2%), and 170 (8.2%) patients 
had HBV DNA levels of 8.00 log10 IU/mL or higher, 7.00–7.99 
log10 IU/mL, 6.00–6.99 log10 IU/mL, and 5.00–5.99 log10 IU/
mL, respectively. The baseline characteristics among the patient 
groups categorized by baseline HBV DNA levels were well bal-
anced after propensity score (PS) weighting (standardized mean 
difference [SMD] <0.1; Table 1).

Baseline HBV DNA levels and HCC risk. During 5.7 years of 
median follow-up with continuous treatment, a total of 47 patients 
developed HCC (incidence rate: 0.39 per 100 person-years [PYs]). 
Patients who developed HCC during the study period were more 
likely to be older, male, have lower HBV DNA levels, alanine 
aminotransferase (ALT) levels, and platelet counts; but a higher 
fibrosis 4 (FIB-4) index and modified platelet age gender–HBV 
(mPAGE-B) score; and have used entecavir rather than TDF, com-
pared with those who did not develop HCC (Supplemental Table 
1; supplemental material available online with this article; https://
doi.org/10.1172/JCI154833DS1).

with CHB in need of antiviral therapy received it in 2015 (3), and 
there are still serious controversies regarding the optimal time 
to start the antiviral treatment to prevent HCC in noncirrhotic 
patients with CHB.

Most patients with CHB have positive hepatitis B e antigen 
(HBeAg) and very high serum levels of HBV DNA (≥8 log10 IU/
mL) at the initial phase of the infection and may eventually show 
a progressive decline in HBV DNA levels during the natural 
course of CHB infection (9–11). Thus, identifying the association 
between baseline HBV DNA levels and on-treatment risk of HCC 
in HBeAg-positive, noncirrhotic patients with CHB may provide 
a crucial piece of evidence to determine the optimal timing of 
antiviral therapy initiation.

Therefore, we aimed to evaluate the association between 
baseline HBV DNA levels and the risk of HCC in HBeAg-positive, 
noncirrhotic adult patients with CHB treated with entecavir or 
tenofovir through this multicenter historical cohort study.

Results
Patient characteristics. The study population was composed of 
2073 HBeAg-positive, noncirrhotic adult patients with baseline 
HBV DNA levels of 5.00 log10 IU/mL or higher, who were initiated 
on treatment with either tenofovir disoproxil fumarate (TDF) or 

Table 1. Baseline characteristics of HBeAg-positive, noncirrhotic patients with CHB treated with entecavir or TDF  
according to baseline serum HBV DNA levels

Characteristics Entire cohort HBV DNA levels, log10 IU/mL SMD SMD
≥8.00 7.00–7.99 6.00–6.99 5.00–5.99 before weighting after weighting

No. of patients 2073 1108 521 274 170 – –
Age, mean ± SD, yr 42.1 ± 11.8 41.6 ± 11.6 41.6 ± 11.9 43.4 ± 11.6 44.8 ± 12.1 0.16 0.02

<40, n (%) 904 (43.6) 508 (45.8) 235 (45.1) 106 (38.7) 55 (32.4)
40–49, n (%) 604 (29.2) 318 (28.7) 154 (29.6) 77 (28.1) 55 (32.4)
50–59, n (%) 426 (20.5) 217 (19.6) 95 (18.2) 71 (25.9) 43 (25.3)
≥60, n (%) 139 (6.7) 65 (5.9) 37 (7.1) 20 (7.3) 17 (10.0)

Male sex, n (%) 1306 (63.0) 714 (64.4) 313 (60.1) 167 (60.9) 112 (65.9) 0.07 0.02

Female sex, n (%) 767 (37.0) 394 (35.6) 208 (39.9) 107 (39.1) 58 (34.1) 0.07 0.02
HBV DNA, median (IQR), log10 IU/mL 8.0 (7.2–8.3) 8.2 (8.2–8.8) 7.6 (7.3–7.8) 6.5 (6.3–6.8) 5.6 (5.3–5.8) – –
AST, median (IQR), IU/L 89 (56–164) 91 (59–164) 100 (63–184) 76 (47–130) 73 (41–153) 0.10 0.08
ALT, median (IQR), IU/L 131 (84–262) 137 (90–257) 146 (86–288) 107 (56–234) 92 (44–229) 0.11 0.09
Platelets, median (IQR), ×1000/μL 189 (160–225) 193 (165–230) 186 (156–219) 184 (157–215) 180 (155–217) 0.11 0.04
AFP, median (IQR), ng/mLA 5.0 (2.9–12.0) 4.6 (2.6–10.6) 5.6 (3.1–13.4) 6.0 (3.2–14.1) 5.6 (2.9–29.1) 0.09 0.06

<20, n (%) 1691 (82.4) 929 (84.5) 422 (81.8) 214 (79.9) 126 (74.6)
≥20, n (%) 361 (17.6) 170 (15.5) 94 (18.2) 54 (20.1) 43 (25.4)

FIB-4 index, median (IQR) 1.7 (1.1–2.8) 1.7 (1.1–2.6) 1.9 (1.2–3.1) 1.7 (1.2–2.8) 1.8 (1.1–3.4) 0.09 0.01
<2, n (%) 1226 (59.1) 682 (61.6) 278 (53.4) 166 (60.6) 100 (58.8)
≥2, n (%) 847 (40.9) 426 (38.4) 243 (46.6) 108 (39.4) 70 (41.2)

Antiviral type 0.03 0.03
Entecavir, n (%) 1281 (61.8) 691 (62.4) 324 (62.2) 164 (59.9) 102 (60.0)
TDF, n (%) 792 (38.2) 417 (37.6) 197 (37.8) 110 (40.1) 68 (40.0)

Viral suppression (<2000 IU/mL), n (%)B 1849 (89.6) 969 (88.0) 476 (91.4) 250 (92.3) 154 (90.6) 0.08 0.09
mPAGE-B score, median (IQR) 9 (6–11) 9 (6–11) 9 (6–11) 9 (6–11) 10 (8–11) 0.14 0.06

<11, n (%) 1447 (69.8) 799 (72.1) 361 (69.3) 177 (64.6) 110 (64.7)
≥11, n (%) 626 (30.2) 309 (27.9) 160 (30.7) 97 (35.4) 60 (35.3)

Overall follow-up period, median (IQR), yr 5.7 (3.6–8.1) 5.8 (3.5–8.2) 5.5 (3.7–8.3) 5.5 (3.5–7.6) 5.0 (3.5–7.0) – –
AMissing values (n = 21, 1.0%). BMissing values (n = 10, 0.5%). AST, aspartate aminotransferase.
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The inverse association between baseline HBV DNA levels 
and on-treatment risk of HCC was also consistently observed in 
PS-weighting and competing risk analyses with adjustment for the 
probability of death and liver transplantation (Supplemental Table 4).

Sensitivity analyses. We conducted a nested case-control 
study as a sensitivity analysis to identify the effect of baseline 
HBV DNA levels after adjusting for age, sex, and platelet counts, 
which may confound the risk of HCC. The control participants 
who did not develop HCC were randomly selected and matched 
with the 47 patients who developed HCC during follow-up in the 
entire cohort at a 1 to 4 ratio based on age, sex, platelet counts, 
and follow-up duration (Supplemental Table 5). The matched 
HCC patients had significantly lower baseline HBV DNA levels 
than did the controls and showed an incremental HCC risk with 
decreasing baseline HBV DNA levels.

We conducted another sensitivity analysis that included only 
patients with baseline platelet counts of 150,000/μL or higher for 
a more strict exclusion of those who might have advanced liver 
fibrosis or cirrhosis. The results were similar to those obtained 
in the entire cohort, with increasing risks of HCC observed with 
decreasing baseline HBV DNA levels from 8.00 log10 IU/mL or 
higher to 5.00–5.99 log10 IU/mL, by multivariable analyses with 
and without inclusion of the mPAGE-B score as a covariate (Sup-
plemental Table 6 and Supplemental Figure 1).

Stratified analyses. We performed stratified analyses by 
dividing the patients according to age, mPAGE-B score, and 
FIB-4 index at baseline. When the patients were stratified by 
age at baseline (≤45 years vs. >45 years), the risk of HCC incre-
mentally increased with decreasing baseline HBV DNA levels 
in both subgroups (Supplemental Table 7 and Supplemental 
Figure 2). The effect size of baseline HBV DNA levels was larg-

Kaplan-Meier analysis showed that the risk of HCC was the 
lowest in those with baseline HBV DNA levels of 8.00 log10 IU/mL 
or higher, increased incrementally with decreasing baseline viral 
load, and the highest with HBV DNA levels of 5.00–5.99 log10 IU/
mL (P < 0.001; Figure 2A). These results were consistently observed 
in PS-weighted analysis (P < 0.001; Figure 2B) and univariate Cox 
proportional hazard regression analysis (Table 2). The incidence 
rates of HCC were 0.15, 0.46, 0.84, and 1.14 per 100 PYs in individ-
uals with baseline HBV DNA levels of 8.00 log10 IU/mL or higher, 
7.00–7.99 log10 IU/mL, 6.00–6.99 log10 IU/mL, and 5.00–5.99 log10 
IU/mL, respectively (Figure 3A and Supplemental Table 2).

Multivariable Cox proportional hazard regression model also 
showed that baseline HBV DNA levels were independently asso-
ciated with the risk of HCC (Table 2 and Figure 3B). Similar to 
the results of the univariate analysis, the risk of HCC incremen-
tally increased with decreasing levels of baseline HBV DNA, after 
adjusting for age, sex, platelet count, ALT levels, and FIB-4 index. 
The adjusted HRs for baseline HBV DNA levels of 7.00–7.99 log10 
IU/mL, 6.00–6.99 log10 IU/mL, and 5.00–5.99 log10 IU/mL were 
2.48 (95% CI, 1.10–5.62; P = 0.03), 3.69 (95% CI, 1.58–8.59; P = 
0.002), and 6.10 (95% CI, 2.46–15.11; P < 0.001), respectively, 
with HBV DNA levels of 8.00 log10 IU/mL or higher as a reference. 
In contrast, baseline ALT levels were not significantly associated 
with HCC risk (Table 2).

The incremental HCC risk associated with decreasing base-
line HBV DNA levels was consistently observed when baseline 
alpha-fetoprotein (AFP) level or antiviral treatment type (TDF 
or entecavir) was further adjusted in the multivariable analysis. 
Moreover, these similar results were reproduced after excluding 
patients who did not achieve viral suppression, defined as HBV 
DNA levels below 2000 IU/mL, at 1 year (Supplemental Table 3).

Figure 1. Patient flow diagram. HBeAg-positive, noncirrhotic adult patients with CHB were treated with entecavir or TDF. HBV DNA levels were measured 
at treatment initiation.
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PS-matching analysis: high versus moderate viral load groups. 
By penalized spline regression analysis, we found that the risk of 
HCC increased sharply as the baseline HBV DNA levels fell below 
8.00 log10 IU/mL and flattened below 6.00 log10 IU/mL (Supple-
mental Figure 5). On the basis of these results, we divided the 
patients into 2 subgroups according to their baseline HBV DNA 
level: high viral load (HBV DNA levels ≥8.00 log10 IU/mL) and 
moderate viral load (5.00–7.99 log10 IU/mL) groups. PS matching 
generated 930 pairs, and all baseline characteristics were well 
balanced between the 2 groups (SMD <0.1; Supplemental Table 
10), with the exception of baseline HBV DNA levels.

Patients with a moderate viral load at baseline had a signifi-
cantly higher HCC incidence than did those with a high viral 
load in both the entire cohort and the PS-matched cohort by 

Kaplan-Meier analysis (P < 0.001 for 
both; Figure 4). By multivariable anal-
ysis, patients in the moderate viral load 
group had a significantly higher risk of 
HCC (HR 3.48; 95% CI, 1.72–7.06; P < 
0.001) than did those in the high viral 
load group, which was also consistently 
observed in all other analyses performed 
(Supplemental Table 11).

HCC risk in the untreated versus treat-
ed cohorts. To address whether antiviral 
treatment reduces the risk of HCC differ-
ently according to the baseline HBV DNA 
levels, we further included an untreated 
cohort in our analyses and compared the 
incidence of HCC between the untreat-
ed and treated patients after stratifica-
tion by baseline HBV DNA levels (i.e., 
high [HBV DNA levels ≥8.00 log10 IU/
mL] and moderate [5.00–7.99 log10 IU/
mL] viral load groups). The untreated 
cohort comprised HBeAg-positive, non-
cirrhotic, treatment-naive adult patients 
with CHB who did not receive antiviral 

er in younger patients compared with older patients, suggest-
ing that baseline HBV DNA levels have a greater effect when 
the patients are younger.

When we stratified the patients by mPAGE-B score at base-
line (<11 vs. ≥11), both groups showed an incrementally increasing 
on-treatment risk of HCC with decreasing baseline HBV DNA lev-
els (Supplemental Table 8 and Supplemental Figure 3), thus indi-
cating the additive value of baseline HBV DNA levels in predicting 
on-treatment HCC risk within similar risk groups by mPAGE-B 
score in HBeAg-positive, noncirrhotic patients.

When we stratified the patients by FIB-4 index at baseline (<2 
vs. ≥2), both groups had similar results with regard to the inverse 
relationship between baseline HBV DNA levels and on-treatment 
HCC risk (Supplemental Table 9 and Supplemental Figure 4).

Figure 2. Cumulative incidence of HCC during treatment by baseline HBV DNA levels. (A) Unweighted analysis. (B) PS-weighted analysis.

Figure 3. On-treatment HCC incidence rate and forest plot by baseline HBV DNA levels. (A) Incidence rate 
according to baseline HBV DNA levels. (B) Forest plot of multivariable-adjusted HRs according to baseline 
HBV DNA levels. HRs were adjusted for age, sex, platelet counts, ALT levels, and FIB-4 index. ref, reference.
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IU/mL had a 2.48, 3.69, and 6.10 times 
higher adjusted risk of HCC, respectively, 
during continuous treatment. The inverse 
relationship between baseline HBV DNA 
levels and on-treatment HCC risk was 
consistently observed in unadjusted, 
multivariable-adjusted, PS-weighted, 
PS-matched, sensitivity, and competing 
risk analyses of the entire cohort and of 
the various subgroups of patients. More-
over, the HCC risk for the patients who 
initiated antiviral treatment with a mod-
erate viral load was  lower than that of the 
untreated patients with the same range 
of HBV DNA levels; nonetheless, it was 
higher than that of the patients treated 
who had a high viral load, indicating that 
the antiviral treatment could reduce the 
risk of HCC in the moderate viral load 
groups, but could not return it to the levels 
of the high viral load group.

The association between baseline HBV 
DNA levels and on-treatment HCC risk has 
remained unclear. Our current findings are 
in line with previous observations of ours 
and others in untreated HBeAg-positive 

patients, which showed that lower baseline HBV DNA levels (but 
above 5 log10 IU/mL) were associated with significantly higher risks 
of HCC during follow-up without treatment (12–14). However, the 
present multicenter cohort study provides a novel observation that 
baseline HBV DNA levels do have a substantial association with the 
risk of HCC, even during long-term treatment with potent antiviral 
drugs. The inverse relationship between baseline HBV DNA levels 
and the risk of HCC persisted for up to 10 years with continuous 
potent antiviral treatment in HBeAg-positive patients with CHB.

Since the fully infected liver can produce 109 to 1010 viruses 
per milliliter of serum, most of the patients with HBeAg-posi-
tive CHB have very high levels (≥8 log10 IU/mL) of HBV DNA 
during the initial phase of the infection, when the hosts were truly 
immune tolerant (15). A low but persistent immune-mediated kill-
ing of HBV-infected hepatocytes, by the infiltration of low-level 
cytotoxic T lymphocytes, leads to an adaptive response of the liver 
over time, with the clonal emergence of HBV-resistant hepato-
cytes (15), resulting in a gradual decrease in HBV DNA levels, even 
with persistently normal ALT levels. Thus, a decreasing but con-
siderable viral load (e.g., 5–8 log10 IU/mL) may indicate the pro-
gressive damage of hepatocytes, clonal hepatocyte repopulation, 
and a subsequent increase in the risk of HCC (16–21). Inflamma-
tory cytokines may also have been involved in persistent inflam-
mation, contributing to the clonal emergence (22, 23). In line with 
the results from these preclinical studies and our clinical findings, 
moderate serum HBV DNA levels (5–7 log10 IU/mL) were found 
to be a risk factor for significant hepatic inflammation in patients 
with CHB, despite normal ALT levels and the absence of signifi-
cant fibrosis (24). Moreover, HBV DNA integration into the host’s 
chromosomes could be underway in HBeAg-positive patients with 
chronic HBV infection over a long duration, and this may further 

treatment because they had no significant ALT elevation during 
the study period (Supplemental Figure 6).

Since the baseline characteristics between the untreated 
and treated cohorts were significantly different, we matched the 
patients separately within the strata of baseline HBV DNA levels 
by using the PS. The variables used to derive the PS were age, sex, 
HBV DNA levels, and platelet counts. The PS matching generated 
969 pairs for the high viral load group and 947 pairs for the mod-
erate viral load group. After the PS matching of the patients in the 
untreated and treated groups, we found no significant between-
group difference in baseline characteristics (SMD <0.1; Supple-
mental Table 12), except for liver enzyme levels and the FIB-4 
index, which are the intrinsic differences between the 2 groups.

The results showed that the treated patients in the moderate 
viral load group had a significantly lower risk of HCC compared 
with the untreated patients; nonetheless, the risk was significantly 
higher than that of the treated patients in the high viral load group 
in both the multivariable and PS-matched analyses (Supplemental 
Table 13 and Supplemental Figure 7).

Discussion
In this multicenter historical cohort study of 2073 HBeAg-pos-
itive, noncirrhotic adult CHB patients with baseline HBV DNA 
levels of 5.00 log10 IU/mL or higher, we found that pretreatment 
baseline serum HBV DNA levels had an inverse association with 
the risk of HCC during continuous treatment with entecavir or 
TDF, independent of other predictive factors. On-treatment 
HCC risk increased incrementally with decreasing levels of 
baseline HBV DNA. Compared with patients with high base-
line HBV DNA levels of 8.00 log10 IU/mL or higher, those with 
HBV DNA levels of 7.00–7.99, 6.00–6.99, and 5.00–5.99 log10 

Table 2. Univariate and multivariable analysis for the predictive factors of HCC  
in HBeAg-positive noncirrhotic patients with CHB treated with entecavir or TDF

Variables Univariate analysis Multivariable analysis
HR (95% CI) P value HR (95% CI) P value

HBV DNA levels, log10 IU/mL
≥8.00 1.00 (ref) – 1.00 (ref) –
7.00–7.99 3.05 (1.35–6.86) 0.007 2.48 (1.10–5.62) 0.03
6.00–6.99 5.47 (2.39–12.51) <0.001 3.69 (1.58–8.59) 0.002
5.00–5.99 7.77 (3.23–18.72) <0.001 6.10 (2.46–15.11) <0.001

Age, yr, per 1-yr increase 1.06 (1.04–1.09) <0.001 1.04 (1.01–1.07) 0.01
Sex

Female 1.00 (ref) – 1.00 (ref) –
Male 2.59 (1.21–5.55) 0.01 3.01 (1.39–6.53) 0.005

Platelet, ×1000/μL, per 1000/μL increase 0.98 (0.97–0.99) <0.001 0.99 (0.98–1.00) 0.004
ALT levels, IU/L

<1 × ULN 1.00 (ref) – 1.00 (ref) –
1–2 × ULN 2.06 (0.72–5.95) 0.18 1.81 (0.63–5.26) 0.27
≥2 × ULN 0.42 (0.16–1.09) 0.08 0.57 (0.21–1.54) 0.27

FIB-4 index
<2 1.00 (ref) – 1.00 (ref) –
≥2 3.27 (1.75–6.12) <0.001 1.66 (0.74–3.73) 0.22

n = 2073 patients total; n = 47 events (HCC). The upper limit of normal (ULN) for ALT was set at 35 IU/L for 
males and 25 IU/L for females. A Cox proportional hazards model was used for multivariable analysis.
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increase chromosomal instability followed by the functional loss 
of tumor suppressor genes or the activation of tumor-promoting 
genes involved in hepatocarcinogenesis (17, 18). Therefore, our 
data are in agreement with the findings from those in vitro stud-
ies and provide a rationale for earlier antiviral treatment based on 
HBV DNA levels in patients with CHB, prior to the emergence of 
irreversible events of hepatocarcinogenesis.

In contrast to our results, the association between baseline HBV 
DNA levels and on-treatment HCC risk has not been identified as a 
significant factor in previous studies (25–27). Such an inconsisten-
cy between those studies and our results may be due to differences 
in the patient population and analytical methods. Notably, we only 
included treatment-naive, HBeAg-positive, noncirrhotic patients 
with CHB who had baseline HBV DNA levels of 5.00 log10 IU/mL or 
higher. Furthermore, we analyzed the baseline HBV DNA levels as 
a categorical variable, considering that our previous studies found 
an inverse association between HBV DNA levels and HCC risk in 
untreated HBeAg-positive patients with CHB (12, 13).

Most practice guidelines recommend that antiviral therapies 
be delayed until patients show significant elevations in ALT levels 
or evidence of inflammation or fibrosis on biopsy (9–11, 28). How-
ever, if the goal of antiviral treatment is the prevention of HCC 
rather than the management of hepatic inflammation or fibrosis, 
the guidelines should be interpreted with caution, considering 
that HBV-associated hepatocarcinogenesis could be underway 
without signs of significant hepatic inflammation or fibrosis (12, 
15, 29–32). Our stratified analysis based on the FIB-4 index also 
supports this notion that differential degrees of HBV-associat-
ed hepatocarcinogenesis according to HBV DNA levels may be 
actively underway during the early stages of liver fibrosis (i.e., a 
lower FIB-4 index). In this regard, the currently recommended 
timeline of antiviral treatments based on ALT levels may be a 
less effective means of preventing HCC, because such a strategy 
may cause a progressive decline in HBV DNA levels and a corre-
sponding irreversible increase in HCC risk as a result of delayed 
treatment. Moreover, from the viewpoint of cost-effectiveness, 
the earlier treatment initiation may be a viable option, given that 

the currently recommended first-line anti-HBV treatments have 
potent long-term efficacy, high safety profiles, a high genetic bar-
rier to resistance, and a lower cost (33).

There have been concerns regarding low virologic responses 
during the treatment of patients with HBeAg-positive, chronic 
HBV infection, who have a high viral load and persistently nor-
mal ALT levels. A previous trial demonstrated that the rate of a 
virologic response (HBV DNA <69 IU/mL) with TDF monother-
apy was relatively lower (55%), at 192 weeks, in HBeAg-positive, 
immune-tolerant-phase patients with a high viral load compared 
with the other studies involving patients in the active phase of 
CHB infection (34). However, it is notable that long-term treat-
ment with TDF in the trial was safe, with no emergence of drug-re-
sistant HBV mutants, and most of the patients maintained low 
levels of HBV DNA, with only a few patients (4 of 64) having HBV 
DNA levels above 2000 IU/mL out to 192 weeks (34).

This study has several limitations. Because of the observational 
nature of the study’s design, our findings are potentially subject to 
bias and confounding. To counter such limitation, we applied strict 
inclusion criteria and performed a thorough follow-up to obtain an 
almost complete set of HCC incidence data. Moreover, the study 
cohort comprised a large number of patients, which enabled a rig-
orous adjustment of baseline factors. Considering that the incidence 
of HCC in noncirrhotic patients with CHB is relatively low, a large-
sized historical cohort study may be a valid option for identifying 
the predictive factors for HCC in such patients (35, 36). Second, as 
a single-nation study, our results may not be readily generalizable in 
patients of other ethnicities. Specifically, our study population pre-
dominantly had genotype C HBV that was acquired through verti-
cal transmission (37), which may be associated with a higher risk of 
HCC (38). Third, since liver biopsy has been very rarely performed 
before antiviral treatment in patients with CHB, we could not obtain 
an accurate fibrosis stage. Instead, we used the FIB-4 index, which 
was well validated in patients with CHB in evaluating the degree of 
liver fibrosis (39). However, unlike the detection of cirrhosis, nonin-
vasive tests such as the FIB-4 index and transient elastography are 
less reliable than histological confirmation in detecting significant 

Figure 4. Cumulative incidence of HCC during treatment in high versus moderate viral load groups. (A) Entire cohort. (B) PS-matched cohort. Patients in the 
high and moderate viral load groups were defined as having baseline serum HBV DNA levels of 8.00 log10 IU/mL or higher or 5.00–7.99 log10 IU/mL, respectively.
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(≥F2) fibrosis (40). Since we excluded the patients with any evidence 
of cirrhosis, the impact of the FIB-4 index and imaging-based fibro-
sis evaluation might be attenuated.

In conclusion, we found that pretreatment baseline HBV 
DNA levels were inversely associated with the on-treatment risk 
of HCC in HBeAg-positive, noncirrhotic adult patients with CHB 
receiving entecavir or TDF. On-treatment HCC risk was the low-
est, with high baseline HBV DNA levels (≥8.00 log10 IU/mL) and 
increased incrementally with decreasing HBV DNA levels from 
above 8.00 log10 IU/mL to 5.00 log10 IU/mL. Moreover, antiviral 
treatment significantly reduced the risk of HCC in the patients 
with a moderate viral load (5.00–7.99 log10 IU/mL), but the risk 
did not decrease to the level of those who initiated the treatment 
with a high viral load (≥8.00 log10 IU/mL). Therefore, early initia-
tion of antiviral treatment when the viral load is high (≥8.00 log10 
IU/mL) may be considered to maintain the lowest risk of HCC for 
HBeAg-positive, noncirrhotic adult patients with CHB.

Methods
Study population. The source population (n = 2,457) for this study was 
from a historical cohort of HBeAg-positive, noncirrhotic, treatment-na-
ive adult patients with CHB who started antiviral therapy with enteca-
vir or TDF between January 2007 and December 2016 at 3 tertiary care 
centers (Asan Medical Center, Seoul National University Hospital, and 
Severance Hospital) in South Korea (Figure 1). Patients were excluded if 
they met any of the following criteria: age less than 18 years; HBeAg-neg-
ative status at treatment initiation; evidence of cirrhosis; baseline HBV 
DNA levels below 5 log10 IU/mL; prior treatment with antiviral drugs; 
positive for HCV, hepatitis D virus, HIV, or other hepatotropic viruses; 
history of malignancy or organ transplantation; treatment with immu-
nosuppressive agents; followed for less than 1 year; diagnosis of HCC 
during the first year of follow-up; or insufficient medical records. Cirrho-
sis was defined as the presence of any of the following characteristics: 
coarse liver echotexture and nodular liver surface on ultrasonography; 
clinical features of portal hypertension (e.g., ascites, splenomegaly, and 
varices); and a platelet count below 100,000/μL. Consequently, a total 
of 2073 HBeAg-positive, noncirrhotic adult CHB patients with baseline 
HBV DNA levels of 5 log10 IU/mL or higher, who initiated treatment with 
entecavir or TDF, were included in the analysis as the study population 
(Figure 1). The interval between baseline serum HBV DNA measure-
ment and treatment initiation was less than 1 month for all patients.

The untreated patients were enrolled between January 2000 and 
December 2013 at 3 tertiary care centers (Asan Medical Center, Sam-
sung Medical Center, and Seoul National University Hospital) in South 
Korea (Supplemental Figure 6). All individuals in the untreated group 
(n = 2643) were HBeAg-positive, noncirrhotic, treatment-naive adult 
patients with CHB who did not receive antiviral treatment during the 
study period and had serum ALT levels lower than 2 times the upper 
limit of normal at baseline. The patients were excluded if they showed 
ALT elevation up to 2 times or more above the upper limit of normal 
during the first year of follow-up and were censored at 6 months after 
the initiation of antiviral treatment during further follow-up.

Outcomes and follow-up evaluation. The primary outcome was the inci-
dence of HCC. The index date was defined as the date of the first prescrip-
tion for entecavir or TDF. Life-long reimbursement was provided for the 
treatment, and all patients were advised to continue the treatment even 
after anti-HBe seroconversion until HBsAg seroclearance was achieved.

Patients were followed up with regular HCC surveillance by ultraso-
nography and measurement of serum AFP levels every 6 months from the 
index date to the date of HCC diagnosis, death, transplantation, or the last 
follow-up (April 30, 2020). To verify the completeness of the HCC diagno-
sis, the records of all patients were accessed in December 2020 through 
the Korean National Health Insurance Service database, which covers over 
99% of the entire Korean population. This database contains a high HCC 
registration rate (96.5%) and highly accurate diagnoses and has been pre-
viously validated as a reliable resource for research (41).

An HCC diagnosis was based on histologic examination or typi-
cal imaging findings (nodule >1 cm with arterial hypervascularity and 
portal/delayed-phase washout) on either dynamic CT or MRI (42, 43). 
Baseline clinical information and clinical outcomes were systematically 
extracted from the electronic medical records of each participating cen-
ter. Serum HBV DNA levels were measured using real-time PCR assay 
(linear dynamic detection range, 1.5 × 101 to 1 × 109 IU/mL). Serolog-
ical markers, including HBsAg, anti-HBs, HBeAg, and anti-HBe, were 
detected using enzyme immunoassays (Abbott Laboratories). The HBV 
genotype was not determined, because greater than 98% of Korean 
patients with CHB have the HBV genotype C (37).

Statistics. All study patients who met the eligibility criteria at base-
line were included in the analyses with the intention-to-treat principle. 
Baseline serum HBV DNA levels were analyzed as a categorical variable 
(5.00–5.99 log10 IU/mL, 6.00–6.99 log10 IU/mL, 7.00–7.99 log10 IU/mL, 
and ≥8.00 log10 IU/mL).

The baseline characteristics of the patients were compared using the 
χ2 test for categorical variables; a t test or 1-way ANOVA was used to com-
pare continuous variables. The cumulative incidence of HCC was eval-
uated using the Kaplan-Meier method and compared using the log-rank 
test. Univariate and multivariable Cox proportional hazard regression 
models were used to determine the independent risk factors for HCC. 
PS-weighting and -matching analyses were used to minimize the selection 
bias and potential confounding variables using the following variables: 
age, sex, platelet count, ALT levels, FIB-4 index, and mPAGE-B score (44, 
45). Competing risk analysis was also conducted for the risk of HCC after 
adjusting for the probability of death and liver transplantation.

A separate sensitivity analysis was conducted only in patients with 
baseline platelet counts of 150,000/μL or higher to further exclude those 
with a possibility of cirrhosis. Stratified analyses for age groups, mPAGE-B 
score, and FIB-4 index were conducted to account for their confounding 
effect on the risk of HCC. The potential relationship between baseline 
HBV DNA levels and the on-treatment risk of HCC was investigated 
across the entire cohort using penalized spline regression with 4 degrees 
of freedom, which allows flexible modeling of nonlinear data.

All statistical analyses were conducted using R software, version 
3.6.1 (R Foundation for Statistical Computing). All analyses were based 
on 2-sided tests, and P values of less than 0.05 were considered statis-
tically significant.

Study approval. The IRB at each participating center (Asan Medical 
Center, Seoul National University Hospital, and Severance Hospital, and 
Samsung Medical Center, all in Seoul, South Korea) approved this study, 
and the requirement for informed consent was waived, given the retro-
spective nature of the study.
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