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Antiviral treatment from hepatitis B envelope antigen (HBeAg)-positive status may attenuate
the integration of hepatitis B virus DNA into the host genome causing hepatocellular carcinoma
(HCC). We investigated the impact of HBeAg status at the onset of antiviral treatment on the risk
of HCC.
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METHODS:
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The incidence of HCC was evaluated in Korean patients with chronic hepatitis B who started
entecavir or tenofovir in either HBeAg-positive or HBeAg-negative phase. The results in the
Korean cohort were validated in a Caucasian PAGE-B cohort.
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A total of 9143 Korean patients (mean age, 49.2 years) were included: 49.1% were HBeAg-
positive and 49.2% had cirrhosis. During follow-up (median, 5.1 years), 916 patients (10.0%)
developed HCC. Baseline HBeAg positivity was not associated with the risk of HCC in the entire
cohort or cirrhotic subcohort. However, in the non-cirrhotic subcohort, HBeAg positivity was
independently associated with a lower risk of HCC in multivariable (adjusted hazard ratio
[aHR], 0.41; 95% confidence interval [CI], 0.26–0.66), propensity score-matching (aHR, 0.46;
95% CI, 0.28–0.76), and inverse probability weighting analyses (aHR, 0.44; 95% CI, 0.28–0.70).
In the Caucasian cohort (n [ 719; mean age, 51.8 years; HBeAg-positive, 20.3%; cirrhosis,
34.8%), HBeAg-positivity was not associated with the risk of HCC either in the entire cohort or
cirrhotic subcohort. In the non-cirrhotic subcohort, none of the HBeAg-positive group devel-
oped HCC, although the difference failed to reach statistical significance (aHR, 0.21; 95% CI,
0.00–1.67).
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CONCLUSIONS:

198

199
This multinational cohort study implies that HBeAg positivity at the onset of antiviral treatment
seems to be an independent factor associated with a lower risk of HCC in patients with chronic
hepatitis B without cirrhosis, but not in those with cirrhosis.
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Hepatocellular carcinoma (HCC) is a highly lethal
malignancy, and it is the second leading cause of

cancer-related mortality worldwide.1 Chronic hepatitis B
(CHB) is a major cause of HCC, especially in East Asia.2

Effective antiviral treatment with nucleos(t)ide ana-
logues (NAs) is reported to reduce the relative risk of
HCC by 45% to 63%.3,4 However, NA treatment is not
able to prevent HCC occurrence completely, so HCC
risk prediction is important for optimizing cost-
effective surveillance for patients with CHB.

Recently, several studies provided important evi-
dence that antiviral treatment from the early phase of
CHB (ie, hepatitis B envelope antigen [HBeAg]-positive
status) might attenuate the HCC risk. Mason et al re-
ported that hepatitis B virus (HBV) DNA integration into
the host genome and clonal hepatocyte expansion, which
is a key mechanism of hepatocarcinogenesis,5–7 starts in
the HBeAg-positive chronic HBV infection phase (previ-
ously termed ‘immune-tolerant’ phase).8 In addition, a
recent study of the effect of RNA interference with ARC-
520 on hepatitis B surface antigen (HBsAg) in chim-
panzees chronically infected with HBV revealed that the
integration of HBV DNA into the host genome occurs
during early phase of HBeAg-positive status.9 Molecular
integration events occurring during the HBeAg-positive
phase and the subsequent HBeAg seroclearance-
associated hepatocyte turnover may predispose to the
development of HCC. Thus, it can be postulated that NA
treatment starting in the HBeAg-positive phase
LA 5.6.0 DTD � YJCGH58088_proof � 2
potentially before HBV DNA-host genome integration
might lower the incidence of HCC, possibly by reducing
HBV DNA integration and clonal hepatocyte expansion as
well as by decreasing liver inflammation.

Previous studies reported that HBeAg status at the
onset of NA treatment was not an independent predictor
of HCC development.10–13 However, those studies
included relatively small numbers of patients (less than
1700 patients per study) with low proportions of HBeAg-
positivity (16%–36%), so it might have been difficult to
adequately adjust for all potential confounders. Because
the HBeAg-positive phase occurs early in the natural
course of chronic HBV infection, HBeAg-positive patients
compared with HBeAg-negative patients usually have
characteristics associated with lower HCC risk, such as
younger age and milder stage of fibrosis.14 On the other
hand, HBeAg-positive patients have higher HBV DNA
levels, which can affect the HCC risk as well.15,16 Thus,
the clinical impact of HBeAg-positivity on the probability
of HCC development should be investigated after
adjusting for those critical confounding factors.

Therefore, we conducted a large, nationwide, multi-
center cohort study in Korea to investigate the impact of
HBeAg status at the onset of antiviral treatment on the
risk of HCC in patients with CHB after rigorously
adjusting and balancing for confounding factors
including age, hepatic fibrosis, and serum HBV DNA
levels. In addition, we compared our results with those
obtained in a Caucasian cohort treated with NAs.
7 September 2021 � 7:42 pm � ce JO



What You Need to Know

Background
The clinical impact of hepatitis B virus envelope
antigen (HBeAg) status at the onset of nucleos(t)ide
analogue treatment on the risk of hepatocellular
carcinoma (HCC) is unclear in patients with chronic
hepatitis B (CHB).

Findings
The current study showed that HBeAg-positivity was
significantly and independently associated with a
lower risk of HCC development in patients with CHB
without liver cirrhosis (LC), but not in patients
with LC.

Implications for patient care
Our findings support the need for regular monitoring
of patients in the HBeAg-positive CHB virus infection
phase (previously termed ‘immune tolerant’) for
timely onset of nucleos(t)ide analogue treatment
before the development of LC to reduce HCC risk.
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Methods

Patients

Among a Korean nationwide multicenter cohort of
consecutive patients with CHB, patients older than 19
years who started NAs of high genetic barrier (ie, ente-
cavir or tenofovir disoproxil fumarate) as initial antiviral
treatment for more than 6 months at 16 university-
affiliated hospitals between January 2007 and
December 2018 (Supplementary Table 1) were eligible
for this study. A total of 9143 patients with CHB who
underwent NA treatment according to the American
Association for the Study of Liver Diseases guidelines
(Supplementary Methods)17 were selected for the study
(Supplementary Figure 1).

Another independent dataset was included from the
extended follow-up study of the Caucasian PAGE-B
cohort,18 fulfilling the same inclusion/exclusion criteria.
Among 1951 Caucasian patients with CHB who had
received NA therapy for more than 1 year, 719 fulfilled
the criteria of our study and were included as a valida-
tion cohort.

Outcomes and Assessment

The primary outcome was the development of HCC.
The date of starting NA treatment was defined as the
index date, and the follow-up duration of our study was
ended at the date of HCC diagnosis. Patients who were
lost to follow-up without HCC development were
censored at the date of last visits. Fibrosis-4 (FIB-4)
score was calculated to assess the grade of hepatic
fibrosis at the index date (Supplementary Methods).19

All patients underwent regular surveillance for HCC
with liver ultrasonography and serum alpha-fetoprotein
measurement at the index date and every 3 to 6
months thereafter, regardless of the presence or absence
of liver cirrhosis (LC). The surveillance was repeated
until the date of HCC detection, death, or last follow-up
(Supplementary Methods).

Statistical Analyses

Baseline characteristics were described appropriately
(Supplementary Methods). The cumulative incidence
rates of HCC according to HBeAg status were derived
using the Kaplan-Meier method, and the log-rank test
was used for the comparison. The Cox proportional
hazards analysis was performed to identify predictors of
HCC occurrence. Significant variables in the univariable
analyses were included in the multivariable models.
Schoenfeld residual tests identified that all multivariable
models did not violate the proportional hazards
assumption. To minimize the potential bias according
to the different baseline characteristics between
FLA 5.6.0 DTD � YJCGH58088_proof � 2
HBeAg-positive and HBeAg-negative patients, we per-
formed propensity score matching (PSM) and inverse
probability of treatment weighting (IPTW) analyses
(Supplementary Methods). All statistical tests conducted
were 2-sided. The P value was considered statistically
significant when it was < .05. R version 3.6.3 (http://
www.r-project.org/) was used for all statistical analyses.
Results

Baseline Characteristics

Among the 9143 patients of the entire Korean cohort
(mean age, 49.2 years; male, 60.3%), 4651 (50.9%) were
HBeAg-negative (HBeAg-negative group) and 4492
(49.1%) were HBeAg-positive (HBeAg-positive group) at
baseline (Table 1). As expected, the HBeAg-positive
group had younger age, lower prevalence of LC, higher
serum HBV DNA levels, and milder severity of hepatic
fibrosis according to FIB-4 scores (all P < .001). Because
LC is the strongest predictor of HCC,20 we divided the
patients according to presence (49.2%) or absence
(50.8%) of LC in order to avoid the influence of LC on the
HCC risk (Supplementary Table 2). In both the non-LC
and LC subcohorts, the HBeAg-positive group showed
younger age, higher HBV DNA levels, and lower FIB-4
scores (all P < .001) (Supplementary Table 3).

Among the 719 patients of the Caucasian cohort
(mean age, 51.8 years; male, 70.0%), 573 (79.7%) were
HBeAg-negative and 146 (20.3%) were HBeAg-positive
at baseline. Approximately one-third of the patients
(34.8%) had LC. The HBeAg-positive group had younger
7 September 2021 � 7:42 pm � ce JO
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Table 1. Baseline Characteristics of the Korean Cohort

Variables

Entire cohort

HBeAg status

P value

HBeAg-positive HBeAg-negative

(n ¼ 9143) (n ¼ 4492) (n ¼ 4651)

Type of NAs < .001
Entecavir 4895 (53.5) 2296 (51.1) 2599 (55.9)
Tenofovir 4248 (46.5) 2196 (48.9) 2052 (44.4)

Male sex 5510 (60.3) 2680 (59.7) 2830 (60.8) .26

Age, y 49.2 � 11.4 47.1 � 11.9 51.2 � 10.5 < .001

Liver cirrhosis 4499 (49.2) 1847 (41.1) 2652 (57.0) < .001

Platelet, �1000/mm3 153 (113-197) 160 (117-207) 147 (109-187.5) < .001

Albumin, g/dL 4.1 (3.8-4.4) 4.1 (3.7-4.3) 4.1 (3.8-4.4) < .001

Total bilirubin, mg/dL 0.9 (0.7-1.3) 0.9 (0.7-1.3) 0.9 (0.7-1.3) .04

ALT, U/L 96 (53-184) 102 (60-200) 91 (49-171) < .001

HBV DNA, log10 IU/mL 6.4 (5.3-7.7) 7.2 (6.0-8.2) 5.9 (4.8-6.8) < .001

FIB-4 score 2.7 (1.7-4.5) 2.5 (1.5-4.5) 2.8 (1.8-4.5) < .001

Note: Values are expressed as frequency (%), mean � standard deviation, or median (interquartile range).
ALT, Alanine aminotransferase; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; NAs, nucleos(t)ide analogues.
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age and higher serum HBV DNA levels than the HBeAg-
negative group, which was consistent with the findings
of the Korean cohort (all P < .001) (Supplementary
Table 4).
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HBeAg Status and HCC Risk in the Entire
Korean Cohort

During a median follow-up of 5.1 years (interquartile
range [IQR], 3.1–6.8 years), 916 patients (10.0%)
developed HCC. The cumulative incidence rates of HCC at
years 2, 5, and 8 were 2.7%, 8.1%, and 13.4%, respec-
tively, in the HBeAg-positive group, and 3.9%, 11.0%,
and 16.1%, respectively, in the HBeAg-negative group
(log-rank P < .001) (Figure 1A). HBeAg-positivity was
associated with a lower risk of HCC in the univariable
analysis, but this association disappeared in the multi-
variable analysis (adjusted HR [aHR], 1.01; 95% confi-
dence interval [CI], 0.87–1.16; P ¼ .94) (Table 2). In both
PSM and IPTW analyses (Supplementary Results),
HBeAg-positivity was also not associated with HCC risk
(PSM: aHR, 1.10; 95% CI, 0.94–1.29 [Figure 2A and
Supplementary Table 5]; IPTW: aHR, 1.03; 95% CI,
0.89–1.19 [Figure 3A and Supplementary Table 6]).

LC, the single most important risk factor for HCC,20

had a statistically significant interaction with HBeAg
status on the HCC risk (P for interaction < .001).
Therefore, we stratified our patients according to the
presence of LC and separately analyzed the impact of
HBeAg status on HCC risk in both the non-LC and LC
subcohorts.
FLA 5.6.0 DTD � YJCGH58088_proof � 2
HBeAg Status and HCC Risk in the Non-LC Subcohort
of the Korean Cohort

During 5.1 years (IQR, 3.3–6.9 years) of median
follow-up for the 4644 Korean patients of the non-LC
subcohort, the 2-, 5-, and 8-year cumulative incidence
HCC rates were 0.2%, 0.7%, and 2.1%, respectively, in
the HBeAg-positive group, and 1.0%, 3.5%, and 5.4%,
respectively, in the HBeAg-negative group (log-rank P <
.001) (Figure 1B). The HBeAg-positive group was asso-
ciated with a lower risk of HCC in the univariable anal-
ysis of the non-LC subcohort (HR, 0.33; 95% CI,
0.22–0.50; P < .001) (Table 3). Furthermore, the HBeAg-
positive group was independently associated with a
significantly lower risk of HCC (aHR, 0.41; 95% CI,
0.29–0.66; P < .001) after adjusting for significant con-
founding variables (Table 3). Even after considering
death as a competing risk for HCC development, the
HBeAg-positive group was independently associated
with a significantly lower risk of HCC (adjusted sub-
hazard ratio, 0.43; 95% CI, 0.27–0.68; P < .001)
(Supplementary Table 10).

We additionally evaluated whether this result was
reproducible after PSM and IPTW adjustments
(Supplementary Results). On PSM analysis, the HBeAg-
positive group was negatively associated with HCC
development both in univariable (HR, 0.49; 95% CI,
0.30–0.81; stratified log-rank P ¼ .01) (Figure 2B) and
multivariable analyses (aHR, 0.46; 95% CI, 0.28–0.76;
P ¼ .003) (Supplementary Table 7). In the IPTW analysis,
the HBeAg-positive group was also associated with a
lower risk of HCC both in univariable (HR, 0.47; 95% CI,
0.30–0.73; weighted log-rank P < .001) (Figure 3B) and
7 September 2021 � 7:42 pm � ce JO
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Figure 1. Cumulative incidence of hepatocellular carcinoma according to HBeAg status in the Korean cohort. Kaplan-Meier
curves of the entire cohort (A), the non-LC subcohort (B), and the LC subcohort (C). The log-rank test was used for the
comparison between the HBeAg-positive and HBeAg-negative groups.
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multivariable analyses (aHR, 0.44; 95% CI, 0.28–0.70;
P < .001) (Supplementary Table 8).

To minimize the impact of HBV DNA level as a
confounder on the association between HBeAg status
and HCC risk, we performed additional PSM analyses
(Supplementary Results). The HBeAg-positive group was
also independently associated with a significantly lower
risk of HCC (aHR, 0.56; 95% CI, 0.33–0.94; P ¼ .03) in the
matched population (Supplementary Table 9). All sub-
group analyses in the non-LC subcohort, including those
stratified according to the HBV DNA levels, consistently
showed that the HBeAg-positive group had a lower risk
of HCC (Supplementary Figure 3).
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HBeAg Status and HCC Risk in the LC
Subcohort of the Korean Cohort

During 5.0 years (IQR, 2.9–6.8 years) of median
follow-up for the 4499 patients of the LC subcohort, the
2-, 5-, and 8-year cumulative incidence HCC rates were
6.2%, 18.2%, and 28.7%, respectively, in the HBeAg-
positive group, and 6.2%, 16.5%, and 23.4%, respec-
tively, in the HBeAg-negative group (log-rank P ¼ .02)
(Figure 1C). Although the HBeAg-positive group was
associated with a higher risk of HCC in the univariable
analysis (HR, 1.17; 95% CI, 1.02–1.35; P ¼ .02), it was
not an independent predictor of HCC in the multivariable
7 September 2021 � 7:42 pm � ce JO
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Table 2. The Risk of HCC Development in the Korean Cohort

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 0.76 (0.67-0.87) < .001 1.01 (0.87-1.16) .94

Sex
Females 1 [Reference] 1 [Reference]
Males 1.83 (1.58-2.12) < .001 2.41 (2.07-2.80) < .001

Age, y 1.06 (1.06-1.07) < .001 1.04 (1.03-1.05) < .001

Liver cirrhosis 8.17 (6.69-9.99) < .001 3.86 (3.09-4.83) < .001

Platelet,a �1000/mm3 0.988 (0.986-0.989) < .001

Albumin, g/dL 0.47 (0.43-0.52) < .001 0.65 (0.58-0.72) < .001

Total bilirubin, mg/dL 1.01 (1.00-1.03) .14

ALT, U/L 0.994 (0.993-0.995) < .001 0.998 (0.997-0.999) < .001

HBV DNA, log10 IU/mL 0.79 (0.76-0.82) < .001 0.95 (0.91-0.99) .02

FIB-4 scorea 1.04 (1.04-1.05) < .001 1.02 (1.01-1.03) < .001

Note: The HR and P value were estimated using Cox proportional hazards regression.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, Fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio.
aIn consideration of the significant correlation between platelet count and FIB-4 score (Spearman’s rho, �0.74; P < .001), only FIB-4 score was included in the
multivariable analysis.
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analysis (aHR, 1.09; 95% CI, 0.95–1.26; P ¼ .22)
(Supplementary Table 11). In both PSM and IPTW ana-
lyses (Supplementary Results), HBeAg-positivity was
also not associated with HCC risk (PSM: aHR, 1.09; 95%
CI, 0.93–1.28 [Figure 2C and Supplementary Table 12];
IPTW: aHR, 1.13; 95% CI, 0.98–1.32 [Figure 3C and
Supplementary Table 13]).
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HBeAg Status and HCC Risk in the Caucasian
Cohort

During a median 7.6 years (IQR, 4.4–9.5 years) of
follow-up for the 719 patients of the Caucasian PAGE-B
cohort,18 40 patients (5.6%) developed HCC. The risk
of HCC of the HBeAg-positive group was not significantly
different from that of the HBeAg-negative group (aHR,
0.74; 95% CI, 0.25–2.15) (Supplementary Figure 4A) in
the entire population. Similar findings were observed
both in PSM (stratified log-rank P ¼ .32) (Supplementary
Figure 5A) and IPTW analyses (weighted log-rank P ¼
.79) (Supplementary Figure 6A).

Within the non-LC patients of the Caucasian cohort,
the risk of HCC of the HBeAg-positive group was also not
statistically significantly different from that of the
HBeAg-negative group (aHR, 0.21; 95% CI, 0.00–1.67;
P ¼ .17; log-rank P ¼ .1) (Supplementary Figure 4B).
However, interestingly, none of the patients in
the HBeAg-positive group developed HCC during the
study period. After PSM analysis, the risk of HCC of the
FLA 5.6.0 DTD � YJCGH58088_proof � 2
HBeAg-positive group was significantly lower than that
of the HBeAg-negative group (stratified log-rank P ¼
.046) (Supplementary Figure 5B). However, the signifi-
cant difference was not reproduced after IPTW matching
(weighted log-rank P ¼ .26) (Supplementary Figure 6B).

Within the patients with LC in the Caucasian cohort,
the risk of HCC of the HBeAg-positive group was not
significantly different from that of the HBeAg-negative
group (aHR, 0.87; 95% CI, 0.30–2.53; P ¼ .79)
(Supplementary Figure 4C). The result within the pa-
tients with LC was also maintained both in PSM (strati-
fied log-rank P > .99) (Supplementary Figure 5C) and
IPTW analyses (weighted log-rank P ¼ .77)
(Supplementary Figure 6C).

Discussion
The main finding of our study is that HBeAg status

was not associated with the risk of HCC in patients
within the entire CHB cohort or the LC subcohort. For
patients in the non-LC subcohort, however, the HBeAg-
positive group showed a significantly lower risk of HCC
compared with the HBeAg-negative group after adjusting
for confounding factors. The expected risk reduction in
the HBeAg-positive group was approximately 59%
compared with the HBeAg-negative group. These results
were reproducible in both the PSM and IPTW models.
HBeAg positivity at the onset of antiviral treatment
showed a minimal risk of HCC in Caucasian patients
without LC as well.
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Figure 2. Cumulative incidence of hepatocellular carcinoma according to HBeAg status in the Korean cohort balanced by
propensity score matching. Kaplan-Meier curves of the entire cohort (A), the non-LC subcohort (B), and the LC subcohort (C).
The stratified log-rank test was used for the comparison between the HBeAg-positive and HBeAg-negative groups.
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HBeAg-positivity has not been associated with the
HCC risk in several previous studies including patients
with CHB treated with oral antivirals.10–13 Significant
differences in baseline characteristics between HBeAg-
positive and HBeAg-negative patients with CHB (eg,
age, fibrosis stage, and serum HBV DNA level) may affect
the results. Thus, all potential confounding factors need
to be adjusted in order to properly assess the clinical
impact of HBeAg positivity on HCC risk. Among the
confounding factors, presence of LC undoubtedly repre-
sents the strongest predictor of HCC.21 To neutralize the
strong effect of LC, our patients were evaluated not only
as an entire cohort but also as 2 different subcohorts
divided according to the presence of LC. Our study
FLA 5.6.0 DTD � YJCGH58088_proof � 2
included more than 9000 Korean patients with CHB,
most of whom had genotype C virus infections charac-
terized by a lengthy HBeAg-positive phase.22 Thus, great
numbers of HBeAg-positive (n ¼ 4492) and HBeAg-
negative (n ¼ 4651) patients were included, allowing
rigorous adjustments for potential confounding factors.

HBeAg positivity was not associated with the risk of
HCC in the entire cohort or in the LC subcohort, which is
in agreement with previous reports.10–13 However,
HBeAg positivity was independently associated with a
lower HCC risk in the non-LC subcohort even after
stratification by age, sex, serum HBV DNA level, and FIB-
4 score. Our findings imply that HBeAg status may be a
critical predictor of HCC risk in patients without LC, but
7 September 2021 � 7:42 pm � ce JO
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Figure 3. Cumulative incidence of hepatocellular carcinoma according to HBeAg status in the Korean cohort balanced by
inverse probability of treatment weighting. Kaplan-Meier curves of the entire cohort (A), the non-LC subcohort (B), and the LC
subcohort (C). The weighted log-rank test was used for the comparison between the HBeAg-positive and HBeAg-negative
groups.
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not in patients who have already developed LC
(Supplementary Discussion).

Recent studies indicated that the integration of HBV
DNA into the host genome is initiated during the HBeAg-
positive phase.8,9 Patients may have recurrent episodes
of acute exacerbations before achieving spontaneous
HBeAg seroclearance or seroconversion. During the
spontaneous HBeAg seroclearance-associated liver
turnover, hepatocytes with integrated HBV DNA can
undergo selective clonal expansion, allowing for natural
selection. As a result, HBeAg-negative patients have been
found to have a >10-fold increase in the size of hepa-
tocyte clones (>10,000 cells) compared with HBeAg-
FLA 5.6.0 DTD � YJCGH58088_proof � 2
positive patients.8,23 Antiviral treatment starting in the
HBeAg-positive hepatitis phase can minimize the in-
tensity and duration of active immune-mediated hepatic
inflammation by directly reducing HBV DNA and thereby
attenuating hepatocyte turnover and the selective pres-
sure for clonal expansion of hepatocytes. Moreover,
because NA treatment inhibits HBV DNA polymerase,
which also synthesizes double-stranded linear DNA that
can integrate into host genome in 1 of 105–106 infected
cells,24,25 early NA treatment might reduce the risk of
host genome integration of HBV DNA. Antiviral treatment
starting in the HBeAg-positive CHB phase may also
reduce the emergence of precore/core mutants, which
7 September 2021 � 7:42 pm � ce JO



Table 3. The Risk of HCC Development in the Non-LC Subcohort of the Korean Cohort

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 0.33 (0.22-0.50) < .001 0.41 (0.26-0.66) < .001

Sex
Females 1 [Reference] 1 [Reference]
Males 2.08 (1.34-3.24) .001 3.35 (2.12-5.30) < .001

Age, y 1.07 (1.05-1.09) < .001 1.07 (1.05-1.09) < .001

Platelet,a �1000/mm3 0.99 (0.98-0.99) < .001

Albumin, g/dL 0.60 (0.41-0.87) .007 0.65 (0.44-0.96) .03

Total bilirubin, mg/dL 0.99 (0.87-1.12) .84

ALT, U/L 0.998 (0.996-0.999) .002 0.998 (0.996-0.999) < .001

HBV DNA, log10 IU/mL 0.74 (0.65-0.85) < .001 0.89 (0.76-1.04) .16

FIB-4 scorea 1.05 (1.03-1.07) < .001 1.05 (1.02-1.08) < .001

Note: The HR and P value were estimated using Cox proportional hazards regression.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, Fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio; LC, liver cirrhosis.
aIn consideration of the significant correlation between platelet count and FIB-4 score (Spearman’s rho, �0.62; P < .001), only FIB-4 score was included in the
multivariable analysis.
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mainly occurs during spontaneous HBeAg seroclearance
process and is reportedly associated with HCC risk as
well.26,27 These findings collectively provide the theo-
retical basis that antiviral treatment starting in the
HBeAg-positive phase can not only reduce chronic nec-
roinflammation and fibrosis progression, but also have a
positive effect on pathways of direct carcinogenesis,
thereby further lowering the risk of HCC. However, it is
still unclear whether NA treatment can attenuate the rate
of integration of HBV DNA into the host genome.28

Therefore, serial assessments of HBV DNA integration
during NA treatment are warranted to address this issue
in future studies.

Whether to start NA treatment in HBeAg-positive
patients who do not fulfill the current therapeutic in-
dications (patients in the HBeAg-positive chronic HBV
infection phase)17 cannot be answered by our data.
However, such HBeAg-positive patients should remain
under regular follow-up, and treatment should be rec-
ommended as early as possible upon any sign of liver
disease progression in order to prevent lengthy phases of
CHB and/or progression to HBeAg-negative CHB and
certainly development of LC.

Our study has several limitations. First, it was a
retrospective cohort study. To minimize this limitation,
we included a large number of patients – the largest
cohort among studies of HCC prediction mod-
els10–13,29–31 to date – and analyzed after rigorous ad-
justments. Second, the histologic severity of hepatic
fibrosis was not evaluated. Instead, we used the FIB-4
score, which can classify the severity of hepatic fibrosis
FLA 5.6.0 DTD � YJCGH58088_proof � 2
in patients with CHB with moderate sensitivity and ac-
curacy.32 To adjust for the severity of hepatic fibrosis, the
FIB-4 score was included in the multivariable analysis,
and subgroup analysis was performed based on the FIB-
4 score as well.

In conclusion, our data suggests that baseline HBeAg
positivity is independently associated with lower HCC
risk in NA-treated patients with CHB without LC, even
after adjustments for many confounders including age,
severity of hepatic fibrosis, and HBV DNA levels. In
contrast, HBeAg status upon NA treatment initiation does
not seem to have any effect on the HCC risk if LC has
developed. Such results may support the need for regular
monitoring of patients in the HBeAg-positive chronic
HBV infection phase (previously termed ‘immune-
tolerant’) for timely onset of antiviral treatment before
lengthy phases of reactivation and certainly before the
development of LC in order to reduce the HCC risk in this
setting.
Supplementary Material

Note: To access the supplementary material accom-
panying this article, visit the online version of Clinical
Gastroenterology and Hepatology at www.cghjournal.
org, and at http://doi.org/10.1016/j.cgh.2021.09.001.
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Supplementary Methods

Patients

Patients who developed hepatocellular carcinoma
(HCC) within 6 months from the start of nucleos(t)ide
analog (NA) treatment were diagnosed with malignancy
other than HCC, underwent organ transplantation, or
were co-infected with hepatitis C virus or human im-
munodeficiency virus before or during the follow-up
period were excluded. Liver cirrhosis (LC) was diag-
nosed by radiologic and clinical criteria as follows: (1)
platelet count of <100,000/mL and a blunted, nodular
liver edge accompanied by splenomegaly (>12 cm) and/
or (2) the presence of esophageal or gastric varices, as-
cites, or hepatic encephalopathy.

Patients without LC had serum alanine aminotrans-
ferase (ALT) levels of �2 times the upper limit of normal
(ULN) and serum hepatitis B virus (HBV) DNA levels of
>20,000 or >2000 IU/mL for hepatitis B envelope an-
tigen (HBeAg)-positive or HBeAg-negative cases at
baseline. The ULN of ALT was defined as 35 U/L in males
and 25 U/L in females. Patients with LC showed
detectable levels of serum HBV DNA regardless of serum
ALT levels at baseline. This study was approved by the
institutional review board of each center (Supplementary
Table 1).

Outcomes and Assessment

Fibrosis-4 score ¼ Age (years) � aspartate amino-
transferase (U/L) / [platelet count (�1000/mm3) �
ALT1/2 (U/L)].

Patients with inadequate liver ultrasonography were
surveilled for HCC by alternative methods such as dy-
namic computed tomography (CT) and/or magnetic
resonance imaging (MRI). HCC was diagnosed according
to the American Association for the Study of Liver Dis-
eases guidelines: (1) hepatic nodules �1 cm shows
typical findings of HCC such as hypervascularity in the
arterial phase and washout in the portal or delayed
phase in dynamic CT or MRI; (2) if the HCC is not
confirmed on either CT or MRI, the other study shows
typical findings of HCC or biopsy confirms HCC.

Statistical Analyses

Continuous variables were described as mean �
standard deviation or median with interquartile range
(IQR). Categorical variables were described as frequency
and percentage. The baseline characteristics were
compared by performing the t-test or Mann-Whitney U
test for continuous variables and the c2 test or Fisher
exact test for categorical variables.

Propensity score matching (PSM) was calculated by
fitting a logistic regression model that included the
following variables in both the Korean and Caucasian
FLA 5.6.0 DTD � YJCGH58088_proof � 2
cohorts: age, sex, platelet count, serum levels of albumin,
total bilirubin, ALT, and HBV DNA. A 1:1 ratio PSM was
performed using the nearest neighbor method. In the
inverse probability of treatment weighting (IPTW)
analysis, we performed weight truncation at 0.5% and
99.5% to avoid the influence of extreme weights, and we
used stabilized weights. The Cox proportional hazards
regression model with robust sandwich variance esti-
mator and Kaplan-Meier method were derived in the
populations balanced by PSM and IPTW. The stratified
log-rank test and the weighted log-test were performed
in the PSM-based population and IPTW-based popula-
tion, respectively.

Supplementary Results

HBeAg Status and HCC Risk in the Entire
Korean Cohort

Both PSM and IPTW analyses balanced the differ-
ences in baseline characteristics between the HBeAg-
positive and HBeAg-negative groups with standardized
mean differences (SMDs) of <0.1 for all variables
(Supplementary Tables 14 and 15).

HBeAg Status and HCC Risk in the Non-LC
Subcohort of the Korean Cohort

After PSM and IPTW analyses for adjusting baseline
characteristics between the HBeAg-positive and HBeAg-
negative groups of the non-LC subcohort, the baseline
characteristics were well-balanced (SMDs of <0.1 for all
variables) (Supplementary Tables 16 and 17).

We sub-classified patients according to their HBV
DNA levels and performed the PSM analyses separately
for each subclassification. The HBV DNA levels of HBeAg-
positive and HBeAg-negative groups were exactly
matched in the matched population (Supplementary
Figure 2). Other baseline characteristics were also well
balanced between the HBeAg-positive and HBeAg-
negative groups (Supplementary Table 18).

HBeAg Status and HCC Risk in the LC
Subcohort of the Korean Cohort

Both PSM and IPTW analyses were able to balance
the baseline characteristics of the HBeAg-positive and
HBeAg-negative groups in the LC subcohort
(Supplementary Tables 19 and 20).

Supplementary Discussion

In the LC subcohort, the phase of chronic HBV infec-
tion upon NA treatment initiation did not affect the risk
of HCC. NA treatment in patients with LC is considered to
reduce the HCC risk mainly by blocking indirect
7 September 2021 � 7:42 pm � ce JO
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hepatocarcinogenesis mechanisms such as down-
regulation of hepatic inflammation and reversal of he-
patic fibrosis, which is theoretically unrelated to HBeAg
status. In addition, patients who have progressed to LC
have already harbored HBV DNA integration, and accu-
mulated additional oncogenic events including inflam-
mation, fibrosis, and long-term expression of viral
proteins. Therefore, the HBeAg status at the onset of NA
treatment cannot affect the HCC risk in patients with
established LC who have many activated oncogenic
mechanisms unrelated to the HBeAg phase of chronic
HBV infection

Interestingly, NA treatment starting in the HBeAg-
positive than HBeAg-negative CHB phase reduced the
HCC risk only in our non-LC subcohorts. The effect of
Supplementary Figure 1.
CONSORT diagram of the
Korean cohort. *Upper
limits of normal: 35 U/L for
males and 25 U/L for fe-
males. †Platelet count, al-
bumin, and total bilirubin.
ALT, Alanine aminotrans-
ferase; CONSORT,
Consolidated Standards of
Reporting Trials; HBeAg,
hepatitis B envelope anti-
gen; HBV, hepatitis B virus;
LC, liver cirrhosis; ULN,
upper limit of normal.
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1466
HBeAg status was obvious after any type of analysis and
adjustment in our large Korean non-LC subcohort (n ¼
4644) as well as in the smaller Caucasian non-LC sub-
cohort (n ¼ 469) using PSM analysis. It should be noted
that none of the Caucasian patients without LC who
started NA treatment in the HBeAg-positive CHB phase
developed HCC. In patients without LC, direct hep-
atocarcinogenesis, which is considered to be mainly
induced by the integration of HBV DNA, is the predom-
inant mechanism of HCC development, and thus blocking
HBV DNA integration may be crucial for reducing the risk
of HCC. Therefore, our findings in the non-LC subcohort
may support the hypothesis that NA treatment starting in
the HBeAg-positive CHB phase could block HBV DNA
integration.
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Supplementary Figure 2. Number of the matched patients in
each subclassification according to HBV DNA level in the
Korean cohort. HBeAg, Hepatitis B envelope antigen; HBV,
hepatitis B virus.
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Supplementary Figure 3. Forest plots of adjusted HRs for HCC development by subgroups of sex, FIB-4 score, age, and HBV
DNA levels in the non-LC subcohort of the Korean cohort. *Adjusted HRs and P values were estimated by multivariable Cox
proportional hazards regression model adjusted for significant confounding variables, such as sex, age, hepatitis B virus DNA,
and FIB-4 score. †FIB-4 score was stratified according to the median value. CI, Confidence interval; HBeAg, hepatitis B
envelope antigen HCC, hepatocellular carcinoma; HR, hazard ratio; FIB-4, Fibrosis-4; LC, liver cirrhosis.
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Supplementary Figure 4. Cumulative incidence of HCC according to HBeAg status in the Caucasian cohort. Kaplan-Meier
curves of the entire cohort (A), the non-LC subcohort (B), and the LC subcohort (C). The log-rank test was used for the
comparison between the HBeAg-positive and HBeAg-negative groups. HBeAg, Hepatitis B envelope antigen; HCC, hepa-
tocellular carcinoma; LC, liver cirrhosis.
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Supplementary Figure 5. Cumulative incidence of HCC according to HBeAg status in the Caucasian cohort balanced by
PSM. Kaplan-Meier curves of the entire cohort (A), the non-LC subcohort (B), and the LC subcohort (C). The stratified log-rank
test was used for the comparison between the HBeAg-positive and HBeAg-negative groups. HBeAg, Hepatitis B envelope
antigen; HCC, hepatocellular carcinoma; LC, liver cirrhosis; PSM, propensity score matching.
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Supplementary Figure 6. Cumulative incidence of HCC according to HBeAg status in the Caucasian cohort balanced by
inverse probability of treatment weighting. Kaplan-Meier curves of the entire cohort (A), the non-LC subcohort (B), and the LC
subcohort (C). The weighted log-rank test was used for the comparison between the HBeAg-positive and HBeAg-negative
groups. HBeAg, Hepatitis B envelope antigen; HCC, hepatocellular carcinoma; LC, liver cirrhosis.
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Supplementary Table 1. Participating Centers

Hospital name Location IRB number Year of starting NAs

Seoul National University Hospital Seoul, Korea 2002-025-109 From 2007 to 2018

Severance Hospital Seoul, Korea 4-2020-0487 From 2007 to 2018

Asan Medical Center Seoul, Korea 2019-0507 From 2012 to 2017

Kyungpook National University Hospital Daegu, Korea 2016-10-011 From 2011 to 2014

Samsung Medical Center Seoul, Korea 2019-12-069 From 2012 to 2015

Ewha Womans University Mokdong Hospital Seoul, Korea 2016-07-052 From 2007 to 2018

Korea University Anam Hospital Seoul, Korea 2016AN0201 From 2007 to 2018

Hallym University Sacred Heart Hospital Anyang, Korea HALLYM 2018-10-002-001 From 2011 to 2015

Hanyang University Hospital Seoul, Korea HYUH 2016-09-028 From 2011 to 2015

Sanggye Paik Hospital Seoul, Korea SGPAIK 2016-10-011-001 From 2011 to 2015

Hanyang University Guri Hospital Guri, Korea GURI 2016-10-009-001 From 2011 to 2015

Eulji General Hospital Seoul, Korea EMCS 2016-10-009 From 2011 to 2015

Kyung Hee University Hospital Seoul, Korea KHUH 2018-02-040 From 2011 to 2015

Soonchunhyang University Hospital Seoul, Korea SCHUH 2016-10-022-001 From 2011 to 2015

Kangbuk Samsung Hospital Seoul, Korea KBSMC 2016-10-026 From 2012 to 2015

Hallym University Kangdong Sacred Heart Hospital Seoul, Korea KANGDONG 2016-10-018 From 2011 to 2015

IRB, Institutional review board; NAs, nucleos(t)ide analogues.

Supplementary Table 2. Baseline Characteristics of the Korean Cohort According to the Presence of Liver Cirrhosis

Entire cohort

Status of LC

P valueNon-LC subcohort LC subcohort

Variables (N ¼ 9143) (n ¼ 4644) (n ¼ 4499)

Type of NAs < .001
Entecavir 4895 (53.5) 2273 (48.9) 2622 (58.3)
Tenofovir 4248 (46.5) 2371 (51.1) 1877 (41.7)

Male sex 5510 (60.3) 2757 (59.4) 2753 (61.2) .08

Age, y 49.2 � 11.4 44.4 � 11.4 54.1 � 9.0 < .001

HBeAg positivity 4492 (49.1) 2645 (57.0) 1847 (41.1) < .001

Platelet, �1000/mm3 153 (113–197) 189 (153–227) 120 (89–152) < .001

Albumin, g/dL 4.1 (3.8–4.4) 4.2 (3.9–4.4) 4.0 (3.6–4.3) < .001

Total bilirubin, mg/dL 0.9 (0.7–1.3) 0.9 (0.7–1.2) 1.0 (0.7–1.4) < .001

ALT, U/L 96 (53–184) 143 (96–272) 53 (35.5–94) < .001

HBV DNA, log10 IU/mL 6.4 (5.3–7.7) 7.3 (6.0–8.2) 5.9 (4.6–6.7) < .001

FIB-4 score 2.7 (1.7–4.5) 1.9 (1.2–3.2) 3.5 (2.4–5.8) < .001

Note: Values are expressed as frequency (%), mean � standard deviation, or median (interquartile range).
ALT, Alanine aminotransferase; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; LC, liver cirrhosis; NA, nucleos(t)ide analog.
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Supplementary Table 3. Baseline Characteristics of the Korean Cohort According to the Presence of LC and HBeAg Status

Non-LC subcohort (n ¼ 4644) LC subcohort (n ¼ 4499)

HBeAg-positive HBeAg-negative P value HBeAg-positive HBeAg-negative P value

Variables (n ¼ 2645) (n ¼ 1999) (n ¼ 1847) (n ¼ 2652)

Male sex 1554 (58.8) 1203 (60.2) .34 1126 (61.0) 1627 (61.3) .82

Age, y 42.7 � 11.5 46.6 � 10.9 < .001 53.4 � 9.3 54.7 � 8.7 < .001

Platelet, �1000/mm3 193 (156–230) 185 (149–220.5) < .001 116 (87–150) 123 (90–153) .002

Albumin, g/dL 4.1 (3.9–4.4) 4.2 (3.9–4.5) < .001 3.9 (3.4–4.2) 4.1 (3.7–4.4) < .001

Total bilirubin, mg/dL 0.9 (0.6–1.2) 0.9 (0.7–1.2) .19 1.0 (0.7–1.5) 1.0 (0.7–1.3) .06

ALT, U/L 145 (97–278) 141 (95–264.5) .18 52 (36–88.5) 54 (35–100) .54

HBV DNA, log10 IU/mL 7.9 (6.9–8.2) 6.3 (5.4–7.4) < .001 6.3 (5.3–7.2) 5.5 (4.2–6.3) < .001

FIB-4 score 1.8 (1.1–3.1) 2.0 (1.3–3.4) < .001 3.8 (2.5–6.3) 3.4 (2.3–5.4) < .001

Note: Values are expressed as frequency (%), mean � standard deviation, or median (interquartile range).
ALT, Alanine aminotransferase; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; LC, liver cirrhosis.

Supplementary Table 4. Baseline Characteristics of the Caucasian Cohort

Entire cohort

Status of HBeAg

P valueHBeAg-positive HBeAg-negative

Variables (N ¼ 719) (n ¼ 146) (n ¼ 573)

Male sex 503 (70.0) 110 (75.3) 393 (68.6) .14

Age, y 51.8 � 13.5 46.6 � 15.0 53.2 � 12.8 < .001

LC 250 (34.8) 46 (31.5) 204 (35.6) .41

Platelet, �1000/mm3 181 (142–225) 181 (150–225) 181 (141–223) .77

Albumin, g/dL 4.3 (4.0–4.5) 4.2 (4.0–4.5) 4.3 (4.0–4.6) .39

Total bilirubin, mg/dL 0.8 (0.6–1.0) 0.7 (0.5–1.0) 0.8 (0.6–1.0) .11

ALT, U/L 96 (62–164.5) 98 (70.2–206) 96 (61–154) .10

HBV DNA, log10 IU/mL 6.3 (4.9–7.4) 7.7 (6.1–8.8) 6.1 (4.7–7.0) < .001

Note: Values are expressed as frequency (%), mean � standard deviation, or median (interquartile range).
ALT, alanine aminotransferase; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; LC, liver cirrhosis.
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Supplementary Table 5. The Risk of HCC Development in the Korean Cohort Balanced by Propensity Score Matching

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 1.11 (0.95–1.29) .19 1.10 (0.94–1.29) .21

Sex
Females 1 [Reference] 1 [Reference]
Males 1.68 (1.41–1.99) < .001 2.24 (1.88–2.67) < .001

Age, y 1.06 (1.05–1.07) < .001 1.04 (1.03–1.05) < .001

LC 6.98 (5.53–8.81) < .001 3.54 (2.72–4.62) < .001

Platelet,a �1000/mm3 0.988 (0.987–0.990) < .001

Albumin, g/dL 0.45 (0.40–0.51) < .001 0.64 (0.56–0.73) < .001

Total bilirubin, mg/dL 1.01 (0.98–1.04) .52

ALT, U/L 0.99 (0.99–1.00) < .001 0.998 (0.997–0.999) < .001

HBV DNA, log10 IU/mL 0.81 (0.77–0.85) < .001 0.95 (0.90–1.01) .09

FIB-4 scorea 1.04 (1.03–1.05) < .001 1.02 (1.01–1.03) .003

Note: The HR and P value were estimated using Cox proportional hazards regression with robust sandwich variance estimator analysis.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio; LC, liver cirrhosis.
aIn consideration of the significant correlation between platelet count and FIB-4 score (Spearman’s rho, �0.73; P < .001), only FIB-4 score was included in the
multivariable analysis.

Supplementary Table 6. The Risk of HCC Development in the Korean Cohort Balanced by Inverse Probability of Treatment
Weighting

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 1.04 (0.90–1.21) .56 1.03 (0.89–1.19) .69

Sex
Females 1 [Reference] 1 [Reference]
Males 1.64 (1.39–1.94) < .001 2.18 (1.84–2.58) < .001

Age, y 1.06 (1.06–1.07) < .001 1.04 (1.04–1.05) < .001

LC 8.55 (6.91–10.56) < .001 4.12 (3.24–5.25) < .001

Platelet,a �1000/mm3 0.988 (0.987–0.990) < .001

Albumin, g/dL 0.52 (0.46–0.59) < .001 0.68 (0.60–0.76) < .001

Total bilirubin, mg/dL 1.01 (0.99–1.03) .40

ALT, U/L 0.99 (0.99–1.00) < .001 0.998 (0.997–0.999) < .001

HBV DNA, log10 IU/mL 0.80 (0.77–0.84) < .001 0.95 (0.90–1.00) .07

FIB-4 scorea 1.04 (1.04–1.05) < .001 1.02 (1.01–1.03) < .001

Note: The HR and P value were estimated using Cox proportional hazards regression with robust sandwich variance estimator analysis.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio; LC, liver cirrhosis.
aIn consideration of the significant correlation between platelet count and FIB-4 score (weighted Spearman’s rho, �0.73; P < .001), only FIB-4 score was included
in the multivariable analysis.
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Supplementary Table 7. The Risk of HCC Development in the Non-LC Subcohort of the Korean Cohort Balanced by
Propensity Score Matching

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 0.49 (0.30–0.81) .005 0.50 (0.30–0.83) .008

Sex
Females 1 [Reference] 1 [Reference]
Males 2.42 (1.33–4.39) .004 3.80 (2.13–6.78) < .001

Age, y 1.08 (1.06–1.10) < .001 1.08 (1.06–1.11) < .001

Platelet,a �1000/mm3 0.99 (0.98–0.99) < .001

Albumin, g/dL 0.49 (0.34–0.70) < .001 0.66 (0.42–1.05) .08

Total bilirubin, mg/dL 0.97 (0.87–1.08) .60

ALT, U/L 0.998 (0.995–1.001) .16

HBV DNA, log10 IU/mL 0.83 (0.70–0.98) .03 0.88 (0.74–1.06) .17

FIB-4 scorea 1.09 (1.05–1.13) < .001 1.02 (0.94–1.09) .68

Note: The HR and P value were estimated using Cox proportional hazards regression with robust sandwich variance estimator analysis.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio; LC, liver cirrhosis.
aIn consideration of the significant correlation between platelet count and FIB-4 score (Spearman’s rho, �0.61; P < .001), only FIB-4 score was included in the
multivariable analysis.

Supplementary Table 8. The Risk of HCC Development in the Non-LC Subcohort of the Korean Cohort Balanced by Inverse
Probability of Treatment Weighting

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 0.47 (0.30–0.73) < .001 0.44 (0.28–0.70) < .001

Sex
Females 1 [Reference] 1 [Reference]
Males 1.81 (1.09–3.02) .02 3.07 (1.80–5.23) < .001

Age, y 1.07 (1.05–1.09) < .001 1.07 (1.05–1.09) < .001

Platelet,a �1000/mm3 0.99 (0.98–0.99) < .001

Albumin, g/dL 0.53 (0.39–0.73) < .001 0.66 (0.48–0.91) .01

Total bilirubin, mg/dL 1.01 (0.99–1.04) .21

ALT, U/L 0.999 (0.997–1.001) .30 0.999 (0.997–1.001) .16

HBV DNA, log10 IU/mL 0.80 (0.71–0.91) < .001 0.87 (0.76–1.00) .046

FIB-4 scorea 1.06 (1.03–1.08) < .001 1.05 (1.03–1.08) < .001

Note: The HR and P value were estimated using Cox proportional hazards regression with robust sandwich variance estimator analysis.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio; LC, liver cirrhosis.
aIn consideration of the significant correlation between platelet count and FIB-4 score (weighted Spearman’s rho, �0.62; P < .001), only FIB-4 score was included
in the multivariable analysis.
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Supplementary Table 9. The Risk of HCC Development in the Non-LC Subcohort of the Korean Cohort Balanced by
Propensity Score Matching in Each Subclassification According to HBV DNA Level

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 0.58 (0.35–0.96) .04 0.59 (0.35–0.98) .04

Sex
Females 1 [Reference]
Males 1.74 (1.00–3.02) .05

Age, y 1.08 (1.05–1.10) < .001 1.07 (1.05–1.09) < .001

Platelet,a �1000/mm3 0.98 (0.98–0.99) < .001

Albumin, g/dL 0.45 (0.32–0.64) < .001 0.65 (0.43–0.99) .046

Total bilirubin, mg/dL 1.00 (0.92–1.09) .99

ALT, U/L 0.998 (0.996–1.001) .21

FIB-4 scorea 1.05 (1.02–1.07) < .001 1.02 (0.99–1.05) .19

HBV DNA, log10 IU/mL
<5 1 [Reference]
5–5.99 1.40 (0.39–5.04) .60
6–6.99 1.98 (0.60–6.54) .26
7–7.99 1.26 (0.37–4.29) .72
�8 0.60 (0.15–2.38) .46

Note: The HR and P value were estimated using Cox proportional hazards regression with robust sandwich variance estimator analysis.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio; LC, liver cirrhosis.
aIn consideration of the significant correlation between platelet count and FIB-4 score (Spearman’s rho, �0.62; P < .001), only FIB-4 score was included in the
multivariable analysis.

Supplementary Table 10. The Risk of HCC Development in the Non-LC Subcohort of the Korean Cohort Accounting for
Death as a Competing Risk

Variables

Univariable analysis Multivariable analysis

SHR (95% CI) P value SHR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 0.32 (0.21–0.48) < .001 0.43 (0.27–0.68) < .001

Sex
Females 1 [Reference] 1 [Reference]
Males 2.17 (1.36–3.45) .001 3.05 (1.90–4.88) < .001

Age, y 1.07 (1.05–1.09) < .001 1.07 (1.05–1.09) < .001

Platelet,a �1000/mm3 0.99 (0.98–0.99) < .001

Albumin, g/dL 0.67 (0.44–1.02) .06

Total bilirubin, mg/dL 0.97 (0.88–1.07) .55

ALT, U/L 0.998 (0.995–1.00) .06

HBV DNA, log10 IU/mL 0.74 (0.66–0.82) < .001 0.90 (0.78–1.04) .14

FIB-4 scorea 1.05 (1.02–1.07) < .001 1.04 (1.01–1.07) .004

Note: The SHR and P value were estimated using Fine-Gray subdistribution hazards regression.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; LC, liver cirrhosis; SHR, subhazard ratio.
aIn consideration of the significant correlation between platelet count and FIB-4 score (Spearman’s rho, �0.62; P < .001), only FIB-4 score was included in the
multivariable analysis.
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Supplementary Table 11. The Risk of HCC Development in the LC Subcohort of the Korean Cohort

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg–positive 1.17 (1.02–1.35) .02 1.09 (0.95–1.26) .22

Sex
Females 1 [Reference] 1 [Reference]
Males 1.82 (1.56–2.13) < .001 2.29 (1.95–2.69) < .001

Age, y 1.03 (1.03–1.04) < .001 1.04 (1.03–1.04) < .001

Platelet,a �1000/mm3 1.00 (0.99–1.00) < .001

Albumin, g/dL 0.61 (0.55–0.68) < .001 0.66 (0.59–0.74) < .001

Total bilirubin, mg/dL 1.01 (0.97–1.05) .72

ALT, U/L 0.998 (0.997–0.999) < .001 0.998 (0.997–0.999) < .001

HBV DNA, log10 IU/mL 0.98 (0.94–1.03) .45

FIB-4 scorea 1.03 (1.02–1.04) < .001 1.02 (1.01–1.03) .004

The HR and P value were estimated using Cox proportional hazards regression.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio; LC, liver cirrhosis.
aIn consideration of the significant correlation between platelet count and FIB-4 score (Spearman’s rho, �0.72; P < .001), only FIB-4 score was included in the
multivariable analysis.

Supplementary Table 12. The Risk of HCC Development in the LC Subcohort of the Korean Cohort Balanced by Propensity
Score Matching

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 1.12 (0.96–1.31) .16 1.09 (0.93–1.28) .26

Sex
Females 1 [Reference] 1 [Reference]
Males 1.77 (1.48–2.11) < .001 2.17 (1.81–2.61) < .001

Age, y 1.03 (1.02–1.04) < .001 1.03 (1.02–1.04) < .001

Platelet,a �1000/mm3 1.00 (0.99–1.00) < .001

Albumin, g/dL 0.63 (0.55–0.71) < .001 0.67 (0.59–0.76) < .001

Total bilirubin, mg/dL 1.00 (0.96–1.03) .90

ALT, U/L 0.998 (0.997–0.999) < .001 0.998 (0.997–0.999) < .001

HBV DNA, log10 IU/mL 0.95 (0.91–1.01) .08

FIB-4 scorea 1.02 (1.01–1.03) < .001 1.01 (1.00–1.03) .14

The HR and P value were estimated using Cox proportional hazards regression with robust sandwich variance estimator analysis.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio; LC, liver cirrhosis.
aIn consideration of the significant correlation between platelet count and FIB-4 score (Spearman’s rho, �0.73; P < .001), only FIB-4 score was included in the
multivariable analysis.
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Supplementary Table 13. The Risk of HCC Development in the LC Subcohort of the Korean Cohort Balanced by Inverse
Probability of Treatment Weighting

Variables

Univariable analysis Multivariable analysis

HR (95% CI) P value HR (95% CI) P value

HBeAg
HBeAg-negative 1 [Reference] 1 [Reference]
HBeAg-positive 1.15 (0.99–1.33) .07 1.13 (0.98–1.32) .10

Sex
Females 1 [Reference] 1 [Reference]
Males 1.74 (1.47–2.04) < .001 2.17 (1.84–2.57) < .001

Age, y 1.04 (1.03–1.04) < .001 1.04 (1.03–1.05) < .001

Platelet,a �1000/mm3 1.00 (0.99–1.00) < .001

Albumin, g/dL 0.62 (0.56–0.70) < .001 0.66 (0.59–0.75) < .001

Total bilirubin, mg/dL 1.00 (0.97–1.04) .86

ALT, U/L 0.998 (0.997–0.999) < .001 0.998 (0.997–0.999) < .001

HBV DNA, log10 IU/mL 0.98 (0.93–1.03) .40

FIB-4 scorea 1.02 (1.02–1.03) < .001 1.02 (1.01–1.03) .004

The HR and P value were estimated using Cox proportional hazards regression with robust sandwich variance estimator analysis.
ALT, Alanine aminotransferase; CI, confidence interval; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; HCC, hepatocellular
carcinoma; HR, hazard ratio; LC, liver cirrhosis.
aIn consideration of the significant correlation between platelet count and FIB-4 score (weighted Spearman’s rho, �0.73; P < .001), only FIB-4 score was included
in the multivariable analysis.

Supplementary Table 14. Baseline Characteristics of the Korean Cohort Balanced by Propensity Score Matching

Variables

Entire cohort

Status of HBeAg

P value
Standardized
difference

HBeAg-positive HBeAg-negative

(N ¼ 6058) (n ¼ 3029) (n ¼ 3029)

Male sex 3679 (60.7) 1855 (61.2) 1824 (60.2) .43 0.021

Age, y 49.5 � 11.0 49.5 � 11.3 49.6 � 10.6 .72 0.009

LC 3089 (51.0) 1528 (50.4) 1561 (51.5) .41 0.022

Platelet, �1000/mm3 150 (110–194) 150 (110–197) 150 (111–192) .85 0.003

Albumin, g/dL 4.1 (3.8–4.4) 4.1 (3.7–4.3) 4.1 (3.8–4.4) .14 0.029

Total bilirubin, mg/dL 0.9 (0.7–1.3) 0.9 (0.7–1.3) 0.9 (0.7–1.3) .47 0.006

ALT, U/L 95 (53–182) 92 (50–177) 100 (57–188) .001 0.012

HBV DNA, log10 IU/mL 6.5 (5.6–7.4) 6.5 (5.6–7.6) 6.4 (5.6–7.3) .003 0.063

FIB-4 score 2.8 (1.7–4.6) 2.8 (1.7–4.7) 2.8 (1.8–4.6) 1.00 0.007

Note: Values are expressed as frequency (%), mean � standard deviation, or median (interquartile range).
ALT, alanine aminotransferase; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; LC, liver cirrhosis.
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Supplementary Table 15. Baseline Characteristics of the Korean Cohort Balanced by Inverse Probability of Treatment
Weighting

Variables

Entire cohort

Status of HBeAg

P value
Standardized
difference

HBeAg-positive HBeAg-negative

(N ¼ 9143) (n ¼ 4492) (n ¼ 4651)

Male sex 60.7 60.6 60.8 .87 0.004

Age, y 49.3 � 11.3 49.3 � 11.5 49.3 � 11.0 .76 0.007

LC 51.7 52.2 51.3 .41 0.020

Platelet, �1000/mm3 150 (110–194) 150 (109–196) 150 (111–192.6) .74 0.007

Albumin, g/dL 4.1 (3.8–4.4) 4.1 (3.7–4.4) 4.1 (3.8–4.4) .68 0.007

Total bilirubin, mg/dL 0.9 (0.7–1.3) 0.9 (0.7–1.3) 0.9 (0.7–1.3) .06 0.001

ALT, U/L 93 (51–179) 88 (48–168.6) 99 (55–187) < .001 0.006

HBV DNA, log10 IU/mL 6.3 (5.2–7.6) 6.4 (5.0–7.8) 6.3 (5.4–7.4) .51 0.040

FIB-4 score 2.8 (1.7–4.6) 2.8 (1.7–4.6) 2.8 (1.7–4.6) .81 0.002

Note: Values are expressed as %, mean � standard deviation, or median (interquartile range).
ALT, Alanine aminotransferase; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; LC, liver cirrhosis.

Supplementary Table 16. Baseline Characteristics of the Non-LC Subcohort of the Korean Cohort Balanced by Propensity
Score Matching

Variables

Non-LC subcohort

Status of HBeAg

P value
Standardized
difference

HBeAg-positive HBeAg-negative

(n ¼ 2714) (n ¼ 1357) (n ¼ 1357)

Male sex 1,624 (59.8) 822 (60.6) 802 (59.1) .46 0.030

Age, y 44.8 � 11.5 44.4 � 11.9 45.3 � 11.1 .06 0.072

Platelet, �1000/mm3 184.5 (148–221.8) 184 (148–223) 185 (149–220) 1.00 0.014

Albumin, g/dL 4.2 (3.9–4.4) 4.2 (3.9–4.4) 4.2 (3.9–4.4) .33 0.033

Total bilirubin, mg/dL 0.9 (0.7–1.2) 0.9 (0.7–1.2) 0.9 (0.7–1.2) .76 0.028

ALT, U/L 147 (96–282.8) 144 (95–283) 149 (97–282) .62 0.016

HBV DNA, log10 IU/mL 7.0 (6.1–7.9) 7.0 (6.1–8.0) 6.9 (6.1–7.8) .06 0.064

FIB-4 score 2.0 (1.3–3.4) 2.0 (1.3–3.3) 2.1 (1.3–3.5) .43 0.026

Note: Values are expressed as frequency (%), mean � standard deviation, or median (interquartile range).
ALT, Alanine aminotransferase; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; LC, liver cirrhosis.
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Supplementary Table 17. Baseline Characteristics of the Non-LC Subcohort of the Korean Cohort Balanced by Inverse
Probability of Treatment Weighting

Variables

Non-LC subcohort

Status of HBeAg

P value
Standardized
difference

HBeAg-positive HBeAg-negative

(n ¼ 4644) (n ¼ 2645) (n ¼ 1999)

Male sex 59.9 59.8 59.9 .96 0.002

Age, y 44.4 � 11.5 44.4 � 11.8 44.4 � 11.2 .99 <0.001

Platelet, �1000/mm3 188 (152–226) 190 (152–226) 186 (151–225) .21 0.017

Albumin, g/dL 4.2 (3.9–4.4) 4.2 (3.9–4.4) 4.2 (3.9–4.4) .42 <0.001

Total bilirubin, mg/dL 0.9 (0.7–1.2) 0.9 (0.6–1.2) 0.9 (0.7–1.2) .49 0.010

ALT, U/L 144 (96–280) 140 (95–274.3) 149 (97–286) .16 <0.001

HBV DNA, log10 IU/mL 7.2 (6.0–8.2) 7.3 (5.9–8.2) 7.1 (6.1–8.1) .09 0.058

FIB-4 score 2.0 (1.2–3.3) 2.0 (1.2–3.3) 2.0 (1.2–3.4) .30 0.002

Note: Values are expressed as %, mean � standard deviation, or median (interquartile range).
ALT, Alanine aminotransferase; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; LC, liver cirrhosis.

Supplementary Table 18. Baseline Characteristics of the Non-LC Subcohort of the Korean Cohort Balanced by Propensity
Score Matching in Each Subclassification According to HBV DNA Level

Variables

Non-cirrhotic subcohort

Status of HBeAg

P value
Standardized
difference

HBeAg-positive HBeAg-negative

(n ¼ 2574) (n ¼ 1287) (n ¼ 1287)

Male sex 1,549 (60.2) 784 (60.9) 765 (59.4) .47 0.030

Age, y 44.5 � 11.4 44.3 � 11.6 44.8 � 11.1 .24 0.046

Platelet, �1000/mm3 184 (147–222) 184 (148–224) 184 (147–220) .39 0.024

Albumin, g/dL 4.2 (3.9–4.4) 4.2 (3.9–4.4) 4.2 (3.9–4.4) .12 0.059

Total bilirubin, mg/dL 0.9 (0.7–1.2) 0.9 (0.6–1.2) 0.9 (0.7–1.2) .40 0.014

ALT, U/L 149 (98–290) 144 (96–278) 153 (100–302) .06 0.002

HBV DNA, log10 IU/mL 7.0 (6.1–7.9) 7.0 (6.1–7.9) 7.0 (6.1–7.9) .94 0.002

FIB-4 score 2.0 (1.2–3.5) 2.0 (1.2–3.5) 2.1 (1.3–3.5) .14 0.013

NOTE. Values are expressed as frequency (%), mean � standard deviation, or median (interquartile range).
ALT, Alanine aminotransferase; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; LC, liver cirrhosis.
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Supplementary Table 19. Baseline Characteristics of the LC Subcohort of the Korean Cohort Balanced by Propensity Score
Matching

Variables

LC subcohort

Status of HBeAg

P value
Standardized
difference

HBeAg-positive HBeAg-negative

(n ¼ 3188) (n ¼ 1594) (n ¼ 1594)

Male sex 1,958 (61.4) 980 (61.5) 978 (61.4) .97 0.003

Age, y 53.6 � 8.9 53.7 � 9.2 53.5 � 8.6 .57 0.020

Platelet, �1000/mm3 119 (87–150.2) 118.5 (88–151) 119 (85–149) .49 0.028

Albumin, g/dL 4.0 (3.5–4.3) 4.0 (3.5–4.3) 4.0 (3.5–4.3) .38 0.019

Total bilirubin, mg/dL 1.0 (0.7–1.4) 1.0 (0.7–1.4) 1.0 (0.8–1.4) .35 0.012

ALT, U/L 54 (36–94) 52 (36–85.8) 57 (37–104.8) .002 0.010

HBV DNA, log10 IU/mL 6.0 (5.1–6.8) 6.0 (5.1–6.9) 6.0 (5.1–6.7) .09 0.053

FIB-4 score 3.6 (2.4–6.0) 3.7 (2.4–6.1) 3.6 (2.4–5.9) .82 0.009

Note: Values are expressed as frequency (%), mean � standard deviation, or median (interquartile range).
ALT, Alanine aminotransferase; FIB-4, fibrosis-4; HBeAg, hepatitis B envelope antigen; HBV, hepatitis B virus; LC, liver cirrhosis.

Supplementary Table 20. Baseline Characteristics of the LC Subcohort of the Korean Cohort Balanced by Inverse Probability
of Treatment Weighting

Variables

LC subcohort

Status of HBeAg

P value
Standardized
difference

HBeAg-positive HBeAg-negative

(n ¼ 4499) (n ¼ 1847) (n ¼ 2652)

Male sex 61.4 61.4 61.5 .99 <0.001

Age, years 53.9 � 8.9 53.8 � 9.2 54.0 � 8.8 .50 0.022

Platelet, �1000/mm3 120 (88–151) 119 (89–151) 120 (87–152) .94 0.002

Albumin, g/dL 4.0 (3.6–4.3) 4.0 (3.6–4.3) 4.0 (3.6–4.3) .80 0.018

Total bilirubin, mg/dL 1.0 (0.7–1.4) 1.0 (0.7–1.4) 1.0 (0.7–1.4) .12 0.010

ALT, U/L 53 (35–94) 51 (35–84.3) 55 (36–102) .001 0.005

HBV DNA, log10 IU/mL 5.8 (4.6–6.7) 5.8 (4.4–6.8) 5.8 (4.7–6.6) 1.00 0.028

FIB-4 score 3.5 (2.4–5.8) 3.6 (2.4–5.8) 3.5 (2.4–5.8) .79 0.002

Note: Values are expressed as %, mean � standard deviation, or median (interquartile range).
LC, liver cirrhosis; HBeAg, hepatitis B envelope antigen; ALT, alanine aminotransferase; HBV, hepatitis B virus; FIB-4, fibrosis-4.
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