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Factors Associated With Rates of HBsAg Seroclearance in
Adults With Chronic HBV Infection: A Systematic Review
and Meta-analysis
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BACKGROUND AND CONTEXT

Functional cure of HBV infection is defined based on
HBsAg seroclearance but reported annual rates of
HBsAg seroclearance vary.

NEW FINDINGS

In a meta-analysis of 42,588 patients in 34 studies, the
pooled annual rate of HBsAg seroclearance was 1.02%,
which increased to 17.99% after 15 years. Testing
negative for HBeAg and low level of HBV DNA or
HBsAg level at baseline were associated with higher
rates of HBsAg seroclearance.

LIMITATIONS

This was a meta-analysis and there was a high level of
heterogeneity in pooled rates among studies.

IMPACT

The findings identify annual rate and factors associated
with HBsAg seroclearance indicate the need for life-long
treatment for most patients. These factors might be
considered in balancing treatment groups for clinical
trials of agents designed to cure HBV infection.
BACKGROUND & AIMS: Seroclearance of hepatitis B surface
antigen (HBsAg) is a marker for clearance of chronic hepatitis B
virus (HBV) infection, but reported annual incidence rates of
HBsAg seroclearance vary. We performed a systematic review
and meta-analysis to provide more precise estimates of HBsAg
seroclearance rates among subgroups and populations.
METHODS: We searched PubMed, Embase, and the Cochrane
library for cohort studies that reported HBsAg seroclearance in
adults with chronic HBV infection with more than 1 year of
follow-up and at least 1 repeat test for HBsAg. Annual and 5-,
10-, and 15-year cumulative incidence rates were pooled using
a random effects model. RESULTS: We analyzed 34 published
studies (with 42,588 patients, 303,754 person-years of follow-
up, and 3194 HBsAg seroclearance events), including additional
and updated aggregated data from 19 studies. The pooled
annual rate of HBsAg seroclearance was 1.02% (95% CI, 0.79–
1.27). Cumulative incidence rates were 4.03% at 5 years (95%
CI, 2.49–5.93), 8.16% at 10 years (95% CI, 5.24–11.72), and
17.99% at 15 years (95% CI, 6.18–23.24). There were no sig-
nificant differences between the sexes. A higher proportion of
patients who tested negative for HBeAg at baseline had sero-
clearance (1.33%; 95% CI, 0.76–2.05) than those who tested
positive for HBeAg (0.40%; 95% CI, 0.25–0.59) (P < .01).
Having HBsAg seroclearance was also associated with a lower
baseline HBV DNA level (6.61 log10 IU/mL; 95% CI, 5.94–7.27)
vs not having HBsAg seroclearance (7.71 log10 IU/mL; 95% CI,
7.41–8.02) (P < .01) and with a lower level of HBsAg at
baseline (2.74 log10 IU/mL; 95% CI, 1.88–3.60) vs not having
HBsAg seroclearance (3.90 log10 IU/mL, 95% CI, 3.73–4.06)
(P < .01). HBsAg seroclearance was not associated with HBV
genotype or treatment history. Heterogeneity was substantial
across the studies (I2 ¼ 97.49%). CONCLUSION: In a systematic
review and meta-analysis, we found a low rate of HBsAg
seroclearance in untreated and treated patients (pooled annual
rate, approximately 1%). Seroclearance occurred mainly in
patients with less active disease. Patients with chronic HBV
infection should therefore be counseled on the need for lifelong
treatment, and curative therapies are needed.
Keywords: Natural History; Prognosis; Disease Progression;
CHB.

hronic hepatitis B (CHB) is a significant public health
Abbreviations used in this paper: ALT, alanine aminotransferase; cccDNA,
covalently closed circular DNA; CHB, chronic hepatitis B; CI, confidence
interval; HBeAg, hepatitis B e antigen; HBsAg, hepatitis B surface antigen;
HBV, hepatitis B virus; HCC, hepatocellular carcinoma; NOS, Newcastle–
Ottawa quality assessment scale.
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Cproblem, affecting approximately 257 million people
globally.1 Patients who are chronically infected with hepatitis
B virus (HBV) are at greater risk of developing cirrhosis and
hepatocellular carcinoma (HCC). Because the development of
these complications may take decades to present, virologic
markers such as hepatitis B e antigen (HBeAg) status, serum
HBV DNA, alanine aminotransferase (ALT) levels, and quan-
titative hepatitis B surface antigen (HBsAg) are used to
determine the status of CHB and to predict prognosis.

A sterilizing cure for CHB is not possible because of the
presence of integrated HBV DNA and the long half-life of
covalently closed circular DNA (cccDNA). Therefore, the
therapeutic goal for new treatments of CHB is to achieve
functional cure, that is, HBsAg seroclearance.2 HBsAg sero-
clearance signifies sustained immune control of HBV and is
associated with improved clinical outcomes with a lower
risk of decompensated cirrhosis, HCC, and liver-related
death.3–5 HBsAg seroclearance can occur spontaneously,
but the reported rates have been variable. Prior cohort
studies showed that the annual HBsAg seroclearance rate
can range from a low of 0.12% to a high of 2.38%6–8 and is
affected by a myriad of patient characteristics such as sex,
age, cirrhosis, HBeAg status, HBV DNA level, and serum
HBsAg level.6,9 In addition, reported rates of HBsAg sero-
clearance with currently available treatments are low.2

Because HBsAg seroclearance is a rare event that is
affected by a variety of host and viral factors, determining an
accurate incidence rate and the predictors for HBsAg sero-
clearance has been difficult. Therefore, using a systematic
review and meta-analysis of multiple cohorts from different
geographic regions, we aimed to provide more precise esti-
mates of HBsAg seroclearance rates among different sub-
groups and populations that can then be usedwhen discussing
treatment decisions with patients. In addition, these estimates
may assist with the development of new therapeutic agents.

Methods
This study was performed and presented according to the

Preferred Reporting Items for Systematic Reviews and

https://doi.org/10.1053/j.gastro.2018.10.027
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Meta-analyses (ie, PRISMA) guidelines.10 The protocol of this
study is available online at PROSPERO (CRD42017079843).

Search Strategy and Study Selection
Electronic searches were performed in PubMed, Embase, and

the Cochrane library from the inception of the database to July 5,
2017, by using various combinations of the keywords HBV
infection, HBsAg seroclearance, and cohort studies (see supple-
mentary data for search strategies). In addition, we manually
searched the bibliography of the included articles and relevant
systematic reviews for additional articles. No language restric-
tion was imposed. All literature searches, reviews, and selections
were independently performed by 2 authors. Discrepancies were
resolved through consultation with a third author.

Cohort studies that reported HBsAg seroclearance in adult
patients (>18 years old) with CHB (HBsAg and/or HBV DNA
positive for more than 6 months), with more than 1-year follow-
up and at least 1 repeat test for HBsAg, were included. Both
population-based cohorts and hospital- or clinic-based cohorts
were included. There was no restriction on treatment history.

Studies that were clinical trials, cross-sectional studies, case
series, and case reports were excluded. Given the rarity of
HBsAg seroclearance events, studies with less than 200 pa-
tients were also excluded. Finally, to enhance the homogeneity
of the included studies, we excluded patients with human im-
munodeficiency virus, hepatitis D virus, or hepatitis C virus co-
infection and patients with prior HCC.

Data Extraction
Two authors independently extracted the following data

from each study using a standardized data extraction form:
follow-up period (person-years), baseline characteristics of
patients at entry (age, sex, race/ethnicity, history of HBV
treatment, HBeAg, HBV genotype, ALT level, platelet count, HBV
DNA, and cirrhosis status), and outcomes (annual HBsAg
seroclearance rate, cumulative seroclearance rates, subsequent
liver transplantation, HCC, and death). For articles that did not
report the annual HBsAg seroclearance rate, we estimated it by
using the following formula:

number of patients with HBsAg seroclearance
mean follow� up duration ½years� � total number of patients

We estimated person-years of follow-up by dividing the
number of patients with seroclearance by the annual sero-
clearance rate in articles that did not report person-years of
follow-up. Any discrepancies were resolved in consultation
with a third reviewer.

Corresponding authors of eligible studies were contacted for
missing data and/or updated aggregated data for primary
outcome and subgroup analyses if additional follow-up data of the
published cohorts were available. To avoid overlapped patients,
we also contacted the authors to request the data of the entire
cohort if there were multiple articles published from that cohort.

Risk-of-Bias Assessment
We used a risk-of-bias tool modified from the Newcastle–

Ottawa quality assessment scale (NOS) to assess the quality
of individual reports.11 The NOS is a scoring tool comprising
8 items with 9 scores that assesses how well the investigators
selected their participants (score ranges from 0 to 4), how
comparable their results may be (score ranges from 0 to 2), and
how applicable the outcomes are (score ranges from 0 to 3).
The higher the score, the better the quality of the study and the
lower the risk of bias. We categorized the studies as good
quality if the total score was 7 or more, fair if the score was 4–
6, and poor if the score was <4.

Outcomes
The prespecified primary outcomes were the annual rate

and cumulative seroclearance rate of HBsAg seroclearance at 5,
10, and 15 years. HBsAg seroclearance was defined as having
negative HBsAg test results in patients with previously positive
results. The secondary outcome was the distribution of annual
HBsAg seroclearance in patients with different demographic
and clinical characteristics (geographic regions, HBV genotypes,
HBeAg status, presence of cirrhosis, treatment history, and
other clinical characteristics). For analysis by treatment history,
we selected studies that included only untreated patients who
also remained untreated throughout the study period for the
untreated group, and we selected studies that included only
patients who were treatment naïve and initiated therapy at
study entry for the treated group.

Statistical Analysis
Annual HBsAg seroclearance rate and 5-, 10-, 15-year cu-

mulative incidence rates were pooled using the random effects
model of DerSimonian and Laird.12 Because the values of these
estimates can be close to 0, we used the Freeman–Tukey
transformation to stabilize the variance and the Wilson score
method to generate 95% confidence intervals (CIs).13 The
resulting values were then back-transformed and are presented
as a percentage.14 Heterogeneity across studies was assessed
by I2 statistics and Cochran’s Q test.15 The Egger’s test was used
to evaluate small study bias quantitatively.

We performed subgroup analyses to examine whether the
annual HBsAg seroclearance rates were modified by the pre-
planned variables, including study location/region (because
ethnicity data were difficult to discern), study settings (popula-
tion based vs health care service based), mean age, sex, baseline
cirrhosis, HBeAg positivity, and HBV genotype. We calculated the
annual seroclearance rates of the aforementioned subgroup an-
alyses only in studies that provided us with original data.
Furthermore, we pooled the mean value of key clinical parame-
ters (ALT, platelet count, HBV DNA, and quantitative HBsAg level)
to determine differences in baseline laboratory values between
patients with and without incident HBsAg seroclearance. We also
performed a sensitivity analysis by excluding studies with a high
risk of bias and studies with sample sizes <500.

We set .05 as the threshold of statistical significance for the
P value (2-tailed). All analyses were conducted using the meta
package of R software, version 3.3.2.16 Metarate was used to
compute the pooled estimate of both the annual and cumulative
HBsAg seroclearance rates, and metamean was used to pool the
mean values of various baseline laboratory data.
Results
From the electronic and manual search, 4833 records

were identified (Figure 1). After removing duplicates and
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screening the titles and abstracts, 180 potentially eligible
studies were retrieved for full-text reviews. After review, a
total of 34 articles (42,588 CHB patients) met our inclusion
and exclusion criteria and were included in the meta-
analysis. We received updated aggregated data from 19 of
the 34 studies,7,17–34 including 3 studies from 1 center
(Toranomon Hospital, Tokyo, Japan), but we contacted the
study authors and confirmed that only nonduplicate pa-
tients were included in our meta-analysis.19,20,31
Characteristics of Included Studies
Table 1 shows the characteristics of included studies and

of the participants. CHB patients from 14 countries were
included, with the majority from the Asia Pacific region (23
studies). Four studies were population based, and the rest
were conducted with data derived from hospitals or health
care centers. The sample sizes of the included studies
ranged from 217 to 6621, with the proportion of males
ranging from 44.4% to 90.3%. The mean age ranged from
34.2 to 50 years. Twenty-two out of 34 studies showed low
risk of bias (Supplementary Table 1).
Overall Annual Seroclearance and Cumulative
Incidence

Among the 42,588 CHB patients, 3194 patients experi-
enced HBsAg seroclearance. The annual seroclearance rates
ranged from 0.15% to 3.02%, with a pooled rate of 1.02%
Figure 1. Preferred Reporting Items for Systematic Reviews
and Meta-analyses (PRISMA) flow chart of article selection.
(95% CI, 0.79–1.27) and high heterogeneity (I2 ¼ 97.49%)
(Figure 2). The pooled 5-, 10-, and 15-year cumulative
incidence rates were nonlinear at 4.03% (95% CI, 2.46–
5.97; I2 ¼ 99.57%), 8.16% (95% CI, 5.19–11.79; I2 ¼
99.76%), and 17.99% (95% CI, 10.83–26.96; I2 ¼ 99.91%),
respectively (Figure 3 and Supplementary Table 2).

Annual Seroclearance Rate by Baseline
Demographic and Clinical Characteristics

The pooled annual seroclearance rates for male (n ¼
11,142) and female (n ¼ 6,080) patients were 1.13% (95%
CI, 0.78–1.55) and 0.87% (95% CI, 0.49–1.36), respectively,
but the difference was not statistically significant (P ¼ .43)
(Figure 4). The mean age of the study cohort was 45, and
the pooled annual seroclearance rates were similar for
studies with a mean age less than 45 years (0.95%; 95% CI,
0.69–1.26) compared with studies with a mean age of 45
years and older (1.12%; 95% CI, 0.40–2.20) (Supplementary
Figure 1). Analyses by patients of specific age groups and
race/ethnicity were not performed because of lack of pri-
mary data, with most studies not reporting data by age
groups and many studies of mixed races/ethnicities not
reporting results stratified by race/ethnicity.

There were 9 studies that separately reported the
annual seroclearance rate in patients who were HBeAg
positive (n ¼ 3922) and those who were HBeAg negative
(n ¼ 15,205) at baseline (Figure 4). Patients who were
HBeAg negative (1.33%; 95% CI, 0.76–2.05) had almost a
3.3 times higher HBsAg seroclearance rate than patients
who were HBeAg positive (0.40%; 95% CI, 0.25–0.59).
There were no significant differences in the annual sero-
clearance rates between patients with cirrhosis (0.84%;
95% CI, 0.31–1.58; n ¼ 970) and those without cirrhosis
(1.04%; 95% CI, 0.63–1.55; n ¼ 13,398) (P ¼ .74).

Baseline Laboratory Parameters in Patients
With HBsAg Seroclearance vs Those Without
HBsAg Seroclearance

We investigated several baseline laboratory data that have
been reported to have an association with HBsAg seroclear-
ance (Figure 5). From 5 studies with quantitative HBsAg level
data (1173 with incident HBsAg seroclearance, 6246 without),
the pooled mean quantitative HBsAg level was found to be
significantly lower among patients with HBsAg seroclearance
compared with those without seroclearance (2.74 log10 IU/
mL; 95% CI, 1.87–3.60 vs 3.90 log10 IU/mL; 95% CI, 3.73–
4.06; P < .01). From 10 studies with HBV DNA data (1431
with incident HBsAg seroclearance, 16,590 without), patients
with HBsAg seroclearance also showed a significantly lower
baseline HBV DNA than those with no seroclearance (6.61
log10 IU/mL; 95% CI, 5.94–7.27 vs 7.71 log10 IU/mL; 95% CI,
7.41–8.02; P < .01). In 16 studies with ALT data, the pooled
mean ALT levels among 1663 patients with and 14,974
without HBsAg seroclearance were not statistically different
(64 U/L; 95% CI, 27–150 vs 58 U/L; 95% CI, 19–178; P ¼
.90). The pooled mean platelet count among 822 patients with
and 9536 patients without HBsAg seroclearance in 10 studies
was also not statistically different (195 � 109/L; 95% CI,



Table 1.Characteristics of the Included Studies and Patients

Year and First Authora Region Settings Cohort Type
Patients,

n Male
Mean
Age, y

HBeAg(þ)
at Entry

Cirrhosis
at Entry

Incident
HBsAg

Seroclearance

Annual
Seroclearance

Rate, %
5-year
CSR

10-year
CSR

15-year
CSR

2014 Kobayashi20 Asia Pacific Community Health care service 1130 705 40.5 81 273 200 1.63 9 18 26
2013 Hosaka19 Asia Pacific Community Health care service 791 627 43 442 169 38 0.70 2.4 8 18
2011 Suzuki31 Asia Pacific Community Health care service 615 464 35b 414 72 69 1.81 6.5 15 35
2016 Charatcharoenwi-

tthaya17
Asia Pacific Mixed Health care service 233 172 41.6 135 22 7 2.29 — — —

2013 Treeprasertsuk25 Asia Pacific Academic Health care service 431 310 43.4 262 0 2 0.15 — — —

2015 Lauret22 Europe Academic Health care service 614 391 37.1 139 52 78 1.41 4.4 11.8 21.7
2017 Riveiro-Barciela30 Europe Mixed Health care service 633 459 49.6 77 42 9 0.41 1.82 2.53 —

2016 Park28 Asia Pacific Academic Health care service 954 627 43.3 — — 75 1.05 3.65 9.03 25.48
2014 Preda29 Europe Mixed Health care service 533 340 41.5 — 43 7 0.87 — — —

2015 Tseng33 Asia Pacific Academic Health care service 2686 1631 41.4 0 0 381 0.95 2.73 6.76 12.39
2014 Fung18 Asia Pacific Academic Health care service 775 483 36.2 0 — 60 0.52 1.31 3.33 7.19
2017 Ungtrakul34 Asia Pacific Academic Health care service 297 132 41.5 0 0 15 2.37 — — —

2016 Nguyen26 North America Mixed Health care service 3479 1987 44.3 1096 202 37 0.21 0.9 2.92 4.25
2010 Liu7 Asia Pacific Community Population based 3302 1994 46.1 482 0 568 2.13 7.42 17.32 36.77
2011 Kwak21 Asia Pacific Academic Health care service 714 476 47.7 0 — 41 1.81 9.77 — —

2013 Luo24 Asia Pacific Academic Health care service 217 196 40.7 113 74 9 0.81 4.17 7.11 —

2015 Yapali44 North America Academic Health care service 234 122 35b 44 — 9 0.80 — — —

2002 Sanchez-Tapias8 Europe Academic Health care service 269 218 36 173 21 29 1.39 — — —

2015 Habersetzer45 Europe Academic Health care service 315 211 35b 69 — 29 1.58 — — —

2014 Farzi46 Middle East Community Health care service 399 231 35.6 0 0 48 1.22 — — —

2012 Arai47 Asia Pacific Academic Health care service 423 239 40.5 183 — 25 0.97 — — —

2005 Ahn48 Asia Pacific Academic Health care service 432 — — 0 — 49 0.46 — — —

2014 Ferreira49 South America Academic Health care service 548 336 37.7 — — 40 0.56 — — —

2016 Han50 Asia Pacific — Population based 634 485 48.6 0 0 117 3.02 — — —

2010 Simonetti36 North America Community Population based 1271 — 20.9b — — 158 0.65 — — —

2014 Kim9 Asia Pacific — Health care service 5409 3699 44.9 3601 2684 110 0.32 — — —

2016 Nagaoka51 Asia Pacific Academic Health care service 392 278 39.5b 285 111 50 0.91 — 5.4 9.8
2015 Orito27 Asia Pacific Academic Health care service 602 381 52b 295 110 13 0.30 — — —

2010 Tai32 Asia Pacific Mixed Health care service 6621 3761 34.2 1386 0 555 1.71 — — —

2016 Ari52 Middle East — Health care service 1427 767 37.1 48 — 84 1.04 — — —

2007 Nam53 Asia Pacific — Health care service 4061 2639 50.0 1584 893 47 0.36 — — —

2011 Lu54 Asia Pacific Academic Health care service 220 156 — 168 25 17 1.59 — — —

1998 Huo55 Asia Pacific Community Health care service 1355 1113 41 — — 58 1.57 — — —

2015 Lim23 Asia Pacific Community Population based 572 359 — 234 — 145 1.30 — — —

CSR, cumulative seroclearance rate.
aTable 1 references.
bMedian age.
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Figure 2. Pooled annual
HBsAg seroclearance rate
of chronic hepatitis B pa-
tients. Annual HBsAg
seroclearance rates were
combined using a random
effects model. The size of
each square represents
the weight of that study.
The vertical dotted line
represents the pooled
rate. See Table 1 for full
citation details for the
studies. ASR, annual
seroclearance rate; SP,
number of patients who
have achieved HBsAg
seroclearance.

Figure 3. Pooled 5-, 10-, and 15-year cumulative incidence
rates of HBsAg seroclearance.
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183 � 109–208 � 109 vs 196 � 109/L; 95% CI, 182 � 109–
210 � 109; P ¼ .95).

Region, Scale, and Setting of Studies
We stratified the pooled HBsAg seroclearance rates by

geographic region (Figure 6) and found that there was a
trend toward differences in seroclearance rates (P ¼ .06),
with the Asia Pacific region (1.09%; 95% CI, 0.81–1.42; 23
studies with 32,866 patients), Europe (1.08%; 95% CI,
0.64–1.63; 5 studies with 2364 patients), and the Middle
East (1.05%; 95% CI, 0.82–1.31; 2 studies with 1826 pa-
tients) having higher annual rates and North (0.50%; 95%
CI, 0.15–1.04; 3 studies with 4984 patients) and South
America (0.70%; 95% CI, 0.50–0.94; 1 study with 548 pa-
tients) having lower rates. However, the difference across
regions did not reach the conventional level of statistical
significance. We performed additional subgroup analyses by
region and showed that HBsAg seroclearance rates in
Europe (P ¼ .977) and North America (P ¼ .051) were not
significantly different compared with that in the Asia Pacific
region when the results were stratified by subgroups



Figure 4. Subgroup anal-
ysis of HBsAg seroclear-
ance rate by sex, baseline
HBeAg status, and base-
line cirrhosis. ASR, annual
seroclearance rate; K,
number of studies; N, total
number of CHB patients.
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(eg, age, HBeAg status, cirrhosis, HBV DNA, study setting)
(Supplementary Figures 2 and 3 and Supplementary
Table 3).

Regarding study settings and design, the pooled HBsAg
seroclearance rate was higher in population-based studies
(1.68%; 95% CI, 0.86–2.78) than health care service–based
studies (0.93%; 95% CI, 0.72–1.17), but this difference was
not statistically significant (P ¼ .10) (Figure 6). However,
heterogeneity was high (98.74% for population-based
studies, 96.70% for health care service–based studies; P <
.01 for both). Similarly, studies that collected data from a
community-based health care service–based population
(1.34%; 95% CI, 0.92–1.83) also had higher seroclearance
rates than university-based studies (0.97%; 95% CI, 0.78–
1.18), although the difference again was not statistically
significant (P ¼ .27).

HBsAg Seroclearance Rates in CHB
Patients With Different HBV Genotypes and
by Treatment History

There was no significant difference in HBsAg seroclear-
ance across different genotypes among more than 10,000
patients with genotype data (331 patients with genotype A,
4685 with genotype B, 5756 with genotype C, 94 with ge-
notype D, and 231 with genotype F) (Supplementary
Figure 4). The annual seroclearance rates were 1.26%
(95% CI, 0.29–2.85), 0.79% (95% CI, 0.42–1.26), 1.02%
(95% CI, 0.71–1.39), 1.05% (95% CI, 0.43–1.93), and 0.59%
(95% CI, 0.39–0.83) for genotypes A, B, C, D, and F,
respectively. Comparative analysis for the 2 largest groups,
genotypes B (n ¼ 4685) and C (n ¼ 5756), also found no
significant difference between these 2 groups (P ¼ .453). In
addition, there was no significant difference in HBsAg
seroclearance between treated (n ¼ 7565, 0.82%; 95% CI,
0.34–1.50) and untreated (n ¼ 20,556, 1.31%; 95% CI,
0.98–1.67) patients (P ¼ .195) (Supplementary Figure 5).
For the treated group, we further subanalyzed HBsAg
seroclearance rates by specific treatment regimen and found
a higher rate in interferon-treated patients (1 study, 3833
person-years; 1.80%; 95% CI, 1.40–2.25) than in entecavir-
treated patients (2 studies, 1997 person-years; 0.80%; 95%
CI, 0.44–1.25) and lamivudine-treated patients (1 study,
5428 person-years; 0.65%, 95% CI, 0.45–0.89). There were
no data for patients treated by other nucleos(t)ide
analogues.
Sensitivity Analysis
We performed 5 sensitivity tests. In the first, we

excluded studies with a fair or high risk of bias (NOS score
< 7) (Supplementary Figure 6A). The annual seroclearance
Figure 5. The baseline
laboratory data of CHB
patients categorized by
achievement of HBsAg
seroclearance. Data were
derived from articles that
provided baseline results
in patients who achieved
and those who did not
achieve HBsAg seroclear-
ance during the follow-up
period. ASR, annual sero-
clearance rate; K, number
of studies; N, total number
of CHB patients; qHBsAg,
quantitative hepatitis B
surface antigen.



Figure 6. Subgroup anal-
ysis of HBsAg seroclear-
ance rate by study region,
scale of study, and prac-
tice settings. ASR, annual
seroclearance rate; K,
number of studies; N, total
number of CHB patients.
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rate became higher (1.09%; 95% CI, 0.82–1.41), but het-
erogeneity remained high (I2 ¼ 97.70%). In the second
sensitivity analysis, we omitted 12 studies with smaller
sample size (n < 500 patients) (Supplementary Figure 6B).
Data from the remaining 22 larger studies showed an
annual seroclearance rate of 1.00% (95% CI, 0.73–1.32), but
heterogeneity again remained high (I2 ¼ 98.30%).

In the third sensitivity test, to clarify whether the
nonlinear increase of cumulative HBsAg seroclearance rate
was associated with the longer follow-up period in the
population-based cohort, we performed a subgroup analysis
and showed that the cumulative incident HBsAg seroclear-
ance rates were indeed nonlinear in both population-based
and health care service–based cohorts (Supplementary
Figure 7). In the fourth sensitivity test, we subanalyzed
data for studies that confirmed HBsAg seroclearance by
repeated testing and excluded those that did not specify
this. The pooled annual seroclearance rate remained similar
(1.11%; 95% CI, 0.85–1.39) (Supplementary Figure 8).
Finally, we excluded studies for which we imputed the
annual HBsAg seroclearance rate and the pooled annual
HBsAg seroclearance rate was 0.98% (95% CI, 074–1.25).

Heterogeneity and Publication Bias
The heterogeneity of the HBsAg seroclearance rate was

severe, as evidenced by the high I2 statistics in the pooled
annual and 5-, 10-, and 15-year cumulative seroclearance
rates (97%, 99%, 99%, and 99%, respectively)
(Supplementary Table 2). Subgroup analysis also showed
high heterogeneity. However, as presented by the Egger’s
test, there was no publication bias in the pooled annual
HBsAg seroclearance rates or any of the pooled cumulative
seroclearance rates (Supplementary Table 2).

Discussion
In this meta-analysis of 34 studies, which included

42,588 CHB patients with 303,754 person-years of follow-
up, we found that 3194 patients had an incident HBsAg
seroclearance event, resulting in a pooled HBsAg
seroclearance rate of 1.02% (95% CI, 0.79–1.27) and con-
firming that HBsAg is a rare event. In addition, by combining
the published and updated aggregated data, we determined
the 5-, 10-, and 15-year cumulative seroclearance rates and
found that the rates of seroclearance increased 4-fold by
year 5 (4.03%), further doubled by year 10 (8.16%), and
doubled again by year 15 such that almost 18% of patients
had achieved seroclearance by year 15 after study entry.
Our finding is consistent with a prior report of a large-scale
prospective study by Chu et al.,6 in which the rate of HBsAg
seroclearance increased in a nonlinear fashion from 8.1%
after the first 10 years, to 24.9% after 20 years, and to
44.7% after 25 years of follow-up. However, the severe
heterogeneity of our results requires that they be inter-
preted with caution.

Similar to other single-center studies, we found that
patients who were HBeAg negative at baseline, had lower
baseline HBV DNA levels, and had lower quantitative HBsAg
experienced higher rates of HBsAg seroclearance.7,9,35,36

These characteristics are typical of the inactive carrier
phase, suggesting that these patients are better able to
mount an immune response to the virus, leading to virologic
remission and, over time, spontaneous HBsAg seroclear-
ance.33,37 Our analysis also confirmed findings of others that
lower baseline serum HBsAg levels predict HBsAg sero-
clearance, particularly if the HBsAg levels were <100 IU/
mL.33 Quantification of HBsAg has been adopted as an
important marker of immune control of CHB and has been
suggested to correlate with the covalently close circular
DNA levels in the liver. In addition, a low HBsAg level is
associated with a lower risk of HCC and liver-related mor-
tality among HBeAg-negative patients with low viremia.38

Although the finding of an association between HBsAg
level and HBsAg seroclearance is a self-fulfilling prophecy,
because the level has to decrease before it becomes unde-
tectable, this has implications for the design of clinical trials
aimed at HBV cure in that randomization must be stratified
by baseline HBsAg levels.

Furthermore, we were able to provide pooled HBsAg
seroclearance rates for CHB patients from different
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geographic regions, providing more specific information for
those making treatment decisions. We found that the HBsAg
seroclearance rates were higher in the Asian Pacific and
European cohorts than in American cohorts. We surmise
that these differences may be due to several factors,
including the small number of studies outside of Asia, lack of
adjustment for patient demographic and clinical character-
istics, and the mixed race/ethnicity of the American and
European cohorts. CHB cohorts in the West, and specifically
North America, comprise patients from diverse races/eth-
nicities. According to data from the Hepatitis B Research
Network, approximately 82% of CHB patients in North
America are immigrants from highly endemic and diverse
geographic areas.39 Most cohorts from North America were
also recruited from health care centers with relatively short
follow-up times, which may have contributed to the lower
HBsAg seroclearance rate observed for this region, whereas
data from the Asia Pacific region were derived from both
health care centers and the community; they included
longer follow-up periods, and a higher proportion of study
participants had less active disease.

Population-based cohorts had a nonsignificant trend
(P ¼ .10) toward higher pooled HBsAg seroclearance rates
than studies derived from health care centers. As alluded to,
we believe that these findings are related to the types of
patients seen in different settings. For example, the Risk
Evaluation of Viral Load Elevation and Associated Liver
Disease/Cancer-Hepatitis B Virus (REVEAL-HBV) cohort
was recruited from the community and had a higher pro-
portion of patients with negative HBeAg, low HBV DNA, and
older age,7 whereas participants in health care service–
based studies may have more active or advanced liver
disease.

Regarding the association between HBV genotypes and
HBsAg seroclearance, we found no statistically significant
differences in HBsAg seroclearance rates among the
different genotypes. Numerically, genotype A appeared to
have the highest HBsAg seroclearance rate, and genotype F
had the lowest, but the number of studies and patients with
genotypes A, D, and F were small. Further analysis
comparing genotype B (n ¼ 4685) and C (n ¼ 5756) pa-
tients also found no significant difference in HBsAg sero-
clearance rate. These results will be helpful to clinicians
because results of previous studies were conflicting, with
several studies suggesting no association between HBsAg
seroclearance and HBV genotype but another suggesting
that patients with genotype B had a higher rate of HBsAg
seroclearance than those with genotype C, and yet another
suggesting that genotype C was associated with a higher
lifetime chance of HBsAg loss than genotype B.33,36,37,40

With regard to antiviral therapy, a recent meta-analysis
reported the HBsAg seroclearance rate to be as high as
9% in patients who received combination pegylated inter-
feron plus nucleos(t)ide therapy.41 However, the review
included many studies with small sample sizes (18/24
included studies had a sample size of <200 patients). We
also compared the pooled seroclearance rates between
treated and untreated cohorts. We were able to include
7565 treated (treatment-naïve and initiated therapy at
study entry) and 20,556 never-treated patients to examine
the effect of treatment on HBsAg seroclearance rates. We
did not find a statistically significant difference in HBsAg
seroclearance rates between treated and untreated patients.
Despite our attempts to include studies of only untreated
patients and studies of only treated patients who were
initially treatment naïve, there was still severe heterogene-
ity in both the treated and untreated groups. In addition, the
majority of treated patients included in the analysis
received lamivudine or entecavir, with no data for tenofovir.
In another subanalysis, which was limited by the small
number of studies, we showed that interferon-treated pa-
tients had a significantly higher HBsAg seroclearance rate
than nucleoside analogue-treated patients, and this is
consistent with the results from prior clinical trials.42,43 A
larger cohort study or individual patient data meta-analysis
with appropriate adjustment for confounders is needed to
determine the long-term effect of treatment on HBsAg
seroclearance.

The strength of our study is that, to our knowledge, it is
the most comprehensive systematic review and meta-
analysis of annual and cumulative real-world HBsAg sero-
clearance rate to date. We included articles published from
1998 through 2017 from 14 countries. By pooling the data
from the existing literature, we were able to enhance the
statistical power in estimating this rare event. Moreover,
updated aggregated data from the authors of 19 included
studies allowed us to meta-analyze data with updated
follow-up periods and to perform detailed subgroup ana-
lyses with larger sample sizes. We excluded data from
randomized controlled trials, so our estimates provide
incidence rates in more generalized patient populations.

Our study also has limitations that warrant attention.
First, there were no articles from Africa and only 1 article
from South America, which limits generalization of our
findings to these geographic regions. Second, because of the
nature of the meta-analysis of aggregated data, variables
such as age and their potential effects on study outcomes
could not be studied, because reported data represented
only the average results of the included cohorts. For the
same reason, we were not able to adjust for HBeAg status,
baseline quantitative HBsAg, and HBV DNA levels. Third,
only slightly more than half of the included studies met the
criteria for low risk of bias, but we performed a sensitivity
analysis of only studies with a low risk of bias and found a
similar pooled estimate as the main result. Fourth,
population-based and health care service–based cohorts
may differ such that community cohort participants are
more likely to be HBeAg negative and have lower level of
disease activity, factors associated with higher rates of
HBsAg seroclearance. Our subgroup analysis showed that
the HBsAg seroclearance rate was higher in population-
based community cohorts than health care center cohorts,
although the differences were not statistically different.
Fifth, some cohorts included both treated and untreated
patients. To clarify the impact of treatment, we performed
sensitivity analysis comparing studies that included only
previously treatment-naïve patients who initiated treatment
at entry to the study vs studies that included only patients
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who never received treatment. We found that the rates of
HBsAg seroclearance were similar, but we acknowledge that
the baseline characteristics of treated and untreated pa-
tients are likely to be different and that a true impact of
treatment might have been missed. Sixth, because of lack of
individual level data, we did not evaluate HBsAg sero-
clearance rates in patients who were HBeAg positive at
baseline, some of whom may have undergone HBeAg sero-
conversion during follow-up. Finally, the pooled annual and
cumulative seroclearance rates should be interpreted with
caution, because they showed high heterogeneity, despite
our attempt to mitigate it with subgroup and sensitivity
analyses.

In conclusion, in this systematic review and meta-
analysis, we determined that the incident rate of HBsAg
seroclearance was a rare event such that by year 15 after
study entry, less than 20% of patients had cleared HBsAg.
Patients who tested negative for HBeAg, had a low level of
HBV DNA, and had low quantitative HBsAg levels at baseline
were more likely to achieve HBsAg seroclearance. HBV ge-
notype and the use of currently available oral antiviral
therapy did not seem to have a substantial impact on HBsAg
seroclearance, although additional studies are needed to
further examine these factors. Our data have implications in
the design of clinical trials aimed at HBsAg seroclearance,
providing information on background event rate and factors
to stratify for to ensure balance between treatment groups
and assisting the clinician in discussing the need for lifelong
therapy for most of their patients.

Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org and at https://doi.org/10.1053/
j.gastro.2018.10.027.
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Supplementary Methods

PubMed
(hepatitis B, chronic [MeSH] OR HBV [Tiab] OR hepatitis

B [Tiab] OR cirrhosis [MeSH] OR cirrhosis [Tiab] OR hepa-
tocellular carcinoma [MeSH] OR "liver neoplasms"[MeSH]
OR liver cancer [Tiab] OR liver transplantation [MeSH] OR
hepatic transplantation [Tiab] NOT metastasis [Tiab]) AND
(hepatitis B surface antigens [MeSH] OR hepatitis B surface
antigen [Tiab] OR HBsAg [Tiab] OR HBs antigen [Tiab]) AND
(seroclearance [Tiab] OR seroconversion [Tiab] OR loss
[Tiab]) NOT (comment [publication type] OR editorial
[publication type] OR review [publication type])

Embase

1. Hepatitis B/
2. Hepatitis B virus/
3. Hepatitis B virus X protein/
4. exp Hepatitis B antibody/
5. (hepatitis adj2 B).ti,ab.
6. (HBV or CHB or hep B or hepB).ti,ab.
7. Or/1-6
8. liver cell carcinoma/
9. liver carcinoma/
10. liver cancer/
11. (hepatoma* or hepatocarcinoma* or hcc).ti,ab.
12. ((hepatocellular or liver or hepatic or hepato) adj2 (cancer or

carcinoma* or neoplasm*)).ti,ab.
13. Or/8-12
14. exp liver cirrhosis/
15. fibrosis/ and liver/
16. (((liver* or hepat*) adj5 fibro*) or cirrho*).ti,ab.
17. Or/14-16
18. exp liver transplantation/
19. ((liver* or hepatic) adj3 (transplan* or graft*)).mp.
20. #18 OR #19
21. (Metastasis).ti.ab
22. #7 OR #13 OR #17 OR 20 NOT #21
23. (Hepatitis B Surface Antigens).ti.ab
24. (hbs Antigens).ti.ab
25. (hbsag).ti.ab
26. #23 OR #24 OR #25
27. seroclearance/
28. loss/
29. seroconversion/
30. #27 OR #28 OR #29
31. #22 AND #26 AND #29
32. (ANIMALS/DE OR NONHUMANS/DE) NOT (HUMANS/DE OR

HUMAN-/DE)
33. #31 NOT #32
34. (systematic review).ti.ab
35. (meta-analysis).ti.ab
36. #34 OR #35
37. #33 NOT #36

Cochrane Library
(hepatitis b” OR “HBV” OR “hep B”) AND (“hepatitis B

surface antigen” OR “hbsag”) AND (seroclear* OR loss)
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Supplementary Figure 1. Subgroup analysis of HBsAg seroclearance rate by mean age. See Table 1 for full study details.
ASR, annual seroclearance rate; SP, total number of patients with incident HBsAg seroclearance.
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Supplementary Figure 2. Subgroup analysis of HBsAg seroclearance rate by sex, baseline HBeAg status, and baseline
cirrhosis, stratified by study region. ASR, annual seroclearance rate; K, number of studies; N, total number of CHB patients.
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Supplementary Figure 3. The baseline laboratory data CHB patients categorized by achievement of HBsAg seroclearance,
stratified by study region. K, number of studies; N, total number of CHB patients; qHBsAg, quantitative hepatitis B surface
antigen.
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Supplementary Figure 4. Subgroup Analysis of HBsAg Seroclearance Rate by Genotype. ASR, annual seroclearance rate; K,
number of studies; N, total number of CHB patients.

Supplementary Figure 5. Subgroup analysis of HBsAg seroclearance rate by treatment history. ASR, annual seroclearance
rate; SP, total number of patients with incident HBsAg seroclearance.
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Supplementary Figure 6. (A) Sensitivity analysis by excluding articles with high risk of bias (NOS < 7). (B) Sensitivity analysis
by excluding articles with sample size <500 patients. ASR, annual seroclearance rate. SCl, total number of patients with
incident HBsAg seroclearance.

Supplementary Figure 7. Subgroup analysis of cumulative HBsAg seroclearance rate by scale of study. CIR, denotes
cumulative incidence rate of HBsAg seroclearance.
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Supplementary Figure 8. Sensitivity analysis by excluding articles without repeat testing to confirm HBsAg seroclearance.
ASR, annual seroclearance rate; SP, total number of patients with incident HBsAg seroclearance.

February 2019 HBsAg Seroclearance in Adults With Chronic HBV Infection 646.e7



Supplementary Table 2.The Annual HBsAg Seroclearance Rate and 5-, 10-, and 15-Year Cumulative Seroclearance Rate in
Chronic Hepatitis B Patients

Seroclearance
Rates

Number
of Studies

Total Number
of Patients

Serocleared
Patients

Pooled Rate,
% (95% CI) I2, %

Egger’s
Test

Annual 34 42,588 3179 1.02 (0.79–1.27) 97.49 0.640
5-year cumulative 12 15,190 1565 4.03 (2.46–5.97) 99.57 0.53
10-year cumulative 12 15,588 1574 8.16 (5.19–11.79) 99.76 0.244
15-year cumulative 10 14,738 1556 17.99 (10.83–26.96) 99.91 0.284

Supplementary Table 1.Newcastle-Ottawa Scale (NOS) Quality Assessment of Included Articles

Year and
First Author

Selection Score
(4 Points)

Comparability Score
(2 Points)

Outcome Score
(3 Points)

Total Score
(9 Points)

2015 Yapali 2 2 2 6
2002 Sanchez-Tapias 2 2 3 7
2015 Habersetzer 2 2 3 7
2014 Farzi 2 2 3 7
2012 Arai 2 2 3 7
2005 Ahn 2 0 2 4
2014 Ferreira 3 2 3 8
2016 Han 4 2 2 8
2010 Simonetti 4 2 3 9
2014 Kim 3 0 3 6
2016 Nagaoka 3 2 3 8
2015 Orito 3 0 3 6
2010 Tai 3 2 3 8
2016 Ari 3 0 3 6
2007 Nam 3 2 3 8
2016 Charatcharoenwitthaya 3 2 3 8
2013 Treeprasertsuk 2 0 3 5
2015 Lauret 3 2 3 8
2015 Buti 2 2 2 6
2016 Park 3 2 3 8
2014 Preda 3 2 2 7
2015 Tseng 3 2 3 8
2014 Fung 3 2 2 7
2014 Kobayashi 3 0 3 6
2013 Hosaka 3 2 2 7
2011 Suzuki 3 2 2 7
2017 Ungtrakul 2 0 2 4
2016 Nguyen 3 2 2 7
2010 Liu 4 2 2 8
2015 Lim 4 2 3 9
2011 Kwak 3 2 2 7
2013 Luo 2 0 2 4
2011 Lu 1 0 2 3
1998 Huo 3 0 3 6

NOTE. See Table 1 for full study details.
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Supplementary Table 3.Subgroup Analysis of HBsAg Seroclearance Rate by Scale of Study and Practice Settings, Stratified
by Study Region

Variable Study Region
Number
of Studies

Number
of Patients

Pooled Rate
(%) (95% CI)

P
value

Scale of study
Population based Asia Pacific 3 4508 2.10 (1.38–2.97) <.0001

Non-Asia Pacific 1 1271 0.70 (0.59–0.81)
Health care service Asia pacific 20 28,358 0.88 (0.51–1.34) .752

Non-Asia Pacific 10 8451 0.96 (0.70–1.25)
Practice settings

Community Asia pacific 6 7765 0.92 (0.48–1.49) .097
Non-Asia Pacific 2 1670 1.50 (1.11–1.95)

University Asia pacific 11 7541 1.14 (0.77–1.58) .301
Non-Asia Pacific 5 1980 0.90 (0.68–1.15)
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