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Abstract
Hepatitis B surface antigen (HBsAg) seroclearance is regarded as the ideal end-
point for antiviral treatment. However, reports on the durability of and outcomes 
after HBsAg seroclearance are few, which has become a focus in clinical practice. 
This meta- analysis was performed to evaluate the durability and hepatocellular car-
cinoma (HCC) incidence after HBsAg seroclearance after treatment cessation. We 
searched PubMed, Embase, Medline and Web of Science for studies that reported 
the durability and HCC incidence after HBsAg seroclearance published between 1 
January 2000 and 31 January 2020. Data were analysed by a random- effects model. 
Thirty- eight studies and 43,924 patients were finally included. The results showed 
that HBsAg seroclearance was durable, with a pooled recurrence rate of 6.19% (95% 
CI: 4.10%– 8.68%). There was no significant difference in recurrence rates after dif-
ferent seroclearance methods or among recurrence types and different regions. Anti- 
HBs seroconversion resulted in a significantly reduced recurrence rate (RR = 0.25, 
p < .001). Patients who experienced HBsAg seroclearance had significantly lower 
HCC incidence than HBsAg- positive (RR = 0.41, p < .001). The pooled HCC incidence 
after HBsAg seroclearance was 1.88%; this rate was reduced to 0.76% among patients 
without baseline cirrhosis. In conclusion, the analysis during an average follow- up of 
4.74 years suggested that in patients who experienced sustained HBsAg seroclear-
ance and anti- HBs seroconversion, this was associated with low HCC incidence. 
Patients without baseline cirrhosis benefited even more. We emphasize the impor-
tance of gaining HBsAg seroclearance while highlighting the benefits of achieving this 
as early as possible.
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1  |  INTRODUC TION

Chronic hepatitis B virus (HBV) infection is currently a leading cause 
of cirrhosis and hepatocellular carcinoma (HCC).1 With the develop-
ment of antiviral treatment, it is believed that relying on viral suppres-
sion (sustained undetectable HBV DNA levels) and seroconversion/
loss of hepatitis B e antigen (HBeAg) alone cannot lead to maximum 
clinical benefits. Hepatitis B surface antigen (HBsAg) seroclearance, 
which refers to the loss of detectability of serum HBsAg with or with-
out anti- HBs, is regarded as the ideal endpoint for antiviral treatment. 
HBsAg seroclearance substantially reduces the risk of HCC and dis-
ease progression and is known as a "functional cure".2,3

Despite the significance of obtaining HBsAg seroclearance, few 
studies have investigated the durability, the recurrence rate and 
related risk factors after HBsAg seroclearance. HBsAg loss is rare; 
therefore, there are few large or even sufficient sample cohorts 
available for analysis. With the long- term use of antiviral therapy, 
especially nucleos(t)ide analogues (NAs), the adverse outcomes of 
liver inflammation and necrosis caused by HBV (such as acute and 
subacute liver failure) can be controlled, whereas the incidence of 
chronic proliferative diseases such as cirrhosis and HCC caused by 
HBV is not significantly reduced. Is the ideal endpoint for antiviral 
therapy associated with significantly favourable clinical outcomes? 
This has become the focus in both research and the clinic. Therefore, 
we performed a systematic review and meta- analysis of published 
literature to evaluate the durability and risk of HCC development 
after HBsAg seroclearance after treatment discontinuation.

2  |  METHOD

The review was registered in the International Prospective Register 
of Systematic Reviews (PROSPERO, http://www.crd.york.ac.uk/
PROSPERO): CRD42020172902.

2.1  |  Data sources and search strategy

We followed the Preferred Reporting Items for Systematic Reviews 
and Meta- Analyses (PRISMA) guidelines4 and conducted a search for 
studies that reported the durability of HBsAg seroclearance and the 
recurrence rate and incidence of HCC after HBsAg seroclearance 
in HBV patients. We searched PubMed, Embase, Medline and Web 
of Science for studies published between 1 January 2000 and 31 
January 2020. The search strategy included Medical Subject Heading 
terms and a range of relevant keywords, including “chronic hepatitis 
B”, “hepatitis B virus”, “hepatitis B surface antigen or HBsAg”, “sero-
clearance or loss”, “seroconversion”, “clearance”, “undetectable”, “du-
rability”, “seroreversion”, “persistent”, “liver cancer”, “hepatocellular 
carcinoma or HCC”, “long- term outcome”, “advanced liver disease” 
and “clinical outcome”. In addition, references of the included arti-
cles and relevant systematic reviews were also searched manually to 
identify additional articles. Study authors were contacted directly if 

necessary for more details. Randomized trials, prospective and ret-
rospective cohort studies and clinical cohort studies were eligible for 
inclusion. Case reports, reviews, cross- sectional studies and letters 
or comments were excluded. There were no geographic restrictions. 
The search was limited to journal articles written in English.

2.2  |  Study selection and data extraction

We firstly screened the titles, abstracts and keywords to identify 
relevant articles for inclusion. Then, the abstracts of the retained 
studies were read in detail. Finally, the full texts of the retained stud-
ies were reviewed, and duplicate references were excluded. Two re-
viewers independently screened the articles and then assessed the 
studies for relevance and methodological quality. We planned to 
resolve any discrepancies through discussion and, if necessary, we 
would involve a neutral third investigator.

The inclusion criteria for the identification of eligible studies were 
as follows: (a) the studies had cohorts of confirmed chronic hepatitis B 
(CHB) patients; (b) more than 10 patients who experienced HBsAg sero-
clearance were reported, whether spontaneously or after antiviral ther-
apy; (c) sufficient data on the primary outcomes were available, including 
durability of seroclearance, the recurrence rate, or the incidence of 
HCC in patients after HBsAg seroclearance after the cessation of treat-
ment, and an average of more than 1 year of follow- up was performed. 
In contrast, studies with insufficient data, those lacking available full 
texts, and those with patients who had undergone liver transplantation 
or had decompensated liver disease/HCC before HBsAg seroclearance 
were excluded. All the included studies must addressed patients with 
CHB rather than acute HBV infection. Furthermore, we excluded pa-
tients coinfected with HIV, HCV and/or HDV to reduce the effects of 
heterogeneity and other factors on the analysis.

Data were extracted from the articles by two reviewers using 
standardized forms as follows: study variables, including the article 
author, publication year, country or region, study design and total 
sample size; patient variables, including age and sex; outcome mea-
sures, including the number of patients with HBsAg seroclearance 
(spontaneous or post- treatment), the number of cases of recurrence 
after HBsAg seroclearance (The recurrence type was defined as the 
reappearance of HBsAg, HBV DNA, or both during follow- up after 
treatment cessation), the proportion of patients who developed 
HCC after HBsAg seroclearance (including those with liver cirrhosis 
at the time of HBsAg seroclearance) and the duration of follow- up 
(mean or median). Additionally, we extracted the number of patients 
positive for hepatitis B surface antibodies (anti HBs) after HBsAg se-
roclearance and the proportion of patients who developed HCC who 
remained HBsAg- positive.

2.3  |  Assessment of evidence quality

Two reviewers used the Newcastle- Ottawa assessment scale 
(NOS) to assess the methodological quality and risk of bias in the 
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nonrandomized studies.5 This scale judges three general areas 
comprising 8 items: the selection of study groups, comparability of 
groups and ascertainment of outcomes. The maximum total score 
is 9; the studies with total scores ≥7 were regarded as good quality, 
those with scores from 4 to 6 were deemed fair quality, and those 
with scores <4 were considered poor quality (Table S1).

2.4  |  Statistical analysis

We calculated the pooled event rate by using a Freeman- Tukey dou-
ble arcsine transformation to stabilize the variances and to allow 
for studies with zero rates in the pooled analysis. In addition, 95% 

confidence intervals (CIs) were generated by the Wilson method 
rather than the asymptotic method.6 The resulting values were then 
back- transformed and are presented in the figures. For heteroge-
neous data, a random- effects model was used. Statistical hetero-
geneity was assessed by the I2 statistic and Cochran's Q statistic. 
Publication bias was evaluated with a funnel plot and Egger's test.7

Subgroup analyses were performed based to examine whether 
the durability of HBsAg seroclearance was modified by other vari-
ables, including the HBsAg seroclearance methods, types of re-
currence, different regions and anti- HBs positive conversion. In 
addition, regarding HCC incidence, we compared the HCC incidence 
in patients with and without baseline cirrhosis at the time of HBsAg 
seroclearance to assess the impact of HBsAg seroclearance on the 

F I G U R E  1  Study selection process
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prognosis of HBV patients. We further analysed the difference in 
the HCC incidence of post- treatment versus spontaneous HBsAg 
seroclearance patients. All analyses were performed with STATA, 
version 12.0. Results with p < .05 were considered statistically sig-
nificant, and p values were two tailed.

3  |  RESULT

A total of 4510 studies were identified for potential inclusion 
(Figure 1). After the removal of duplicates, 1805 studies were re-
tained for further evaluation. Next, 146 studies were retained after 
the initial screening of the abstracts and texts. Then, after reading 
the full texts and evaluating them according to the inclusion and ex-
clusion criteria, 108 studies were excluded; 9 studies lacked full- text 
articles, 3 had small sample sizes, 25 reported irrelevant outcomes, 
41 provided inadequate data on our outcomes, and 30 failed to ex-
clude patients coinfected with HIV, HCV and/or HDV. Finally, 38 
full- text articles were included in this analysis.8- 45

3.1  |  Characteristics of studies

The characteristics of the included studies are shown in 
Table 1. Twenty- eight studies came from the Asia- Pacific 
 regions,8,11,12,15- 17,19- 26,28,29,31- 35,37,38,40- 42 accounting for the 
 majority of the included studies. Five were from Europe,9,13,18,36,39 
4 were from the Americas,10,27,30,45 and 1 was a multicentre cohort 
study.14 Fifteen studies reported recurrence- related outcomes 
after HBsAg seroclearance,8- 22 14 of which included patients with 
HBsAg seroclearance after NA treatment and/or common inter-
feron and Peg- interferon (IFN; Peg- IFN) treatment. Only 1 study 

had patients who all spontaneously achieved HBsAg clearance. 
Definitions of HBsAg seroclearance were provided. There were 
4 studies not mentioned, 3 studies defined HBsAg negativity as 
HBsAg levels <0.05 IU/ml (or lower limit of detection of 0.05 IU/
ml), 1 defined as loss of HBsAg detectability at least once in the 
serum after treatment, 2 defined as persistent absence of HBsAg 
at least 1 year (or 6 months) and until the time of analysis, and 5 
defined as the absence of HBsAg on two consecutive determina-
tions at least 6 months apart. Moreover, 33 studies reported HCC 
incidence- related outcomes, 23 of which provided information on 
the patients with and without baseline cirrhosis, and 16 studies 
reported the incidence of HCC in patients with sustained HBsAg 
positivity, which was compared with the incidence in patients who 
achieved HBsAg seroclearance.

3.2  |  Durability of HBsAg seroclearance

In 15 studies that reported the durability of HBsAg seroclearance, 
the longest average follow- up period was 9.58 (1.1– 29.4) years, 
and the shortest was 1 year. The median follow- up for all studies 
was 4.74 (1.45– 12.76) years. A total of 3584 patients experienced 
HBsAg seroclearance among 20,167 CHB patients, and 186 patients 
had experienced recurrence by the end of follow- up. The pooled re-
currence rate after HBsAg seroclearance was 6.19% (95% CI: 4.10– 
8.68, I2 = 78.2%, random- effects model) (Figure 2). We found no 
significant publication bias, as expected, based on the funnel plot 
(Figure S1) and results of Egger's test (p = .246). In two studies with 
relatively fewer HBsAg seroclearance patients, the recurrence rates 
were as low as zero after an average follow- up of 3 years.13,17 The 
recurrence type included the positive of HBsAg, HBV DNA, or both 
during follow- up after treatment cessation. In some studies that 

F I G U R E  2  Meta- analysis of overall 
pooled recurrence rate in CHB patients 
after HBsAg seroclearance
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reported the reappearance of HBV DNA, the definition of recur-
rence was different due to the difference in the lower limit of de-
tection of HBV DNA during different periods; one of them defined 
recurrence as HBV DNA >4 IU/ml, one defined it as >60 IU/ml, one 
defined it as >400 copies/ml, and 7 studies defined it as >20 IU/ml. 
Then, we noticed that several studies reported a higher recurrence 
rate within one year after HBsAg seroclearance. In a further analy-
sis, one year after follow- up, 8 studies reported that a total of 73 
patients had experienced recurrence from among 1046 HBsAg se-
roclearance patients, and the pooled rate was 6.49% (95% CI: 3.29– 
10.65, Figure S2). There was no significant publication bias among 
these studies according to Egger's test (p = .945).

3.3  |  Subgroup meta- analyses and HBsAg 
reversion risk factors

To evaluate whether the durability of HBsAg seroclearance is in-
fluenced by other variables and reduce the heterogeneity among 
studies, we further performed a subgroup analysis. First, the analy-
sis was stratified by the methods of HBsAg seroclearance, namely 
spontaneous, after treatment with NAs and after IFN/peg- IFN 
treatment. A total of 2680 cases were spontaneous, 747 occurred 
after NA treatment, and 561 occurred after IFN/peg- IFN treatment 

(including NAs+IFN), and the recurrence rates were 4.08% (95% CI: 
3.26– 5.00), 5.79% (95% CI: 3.42– 8.71) and 6.12% (95% CI: 2.26– 
11.69), respectively (Figure S3). There was no significant difference 
among these groups (p = .64). Second, the type of recurrence after 
HBsAg seroclearance, namely positivity for HBsAg, positivity for 
HBV DNA and positivity for both, was used to stratify the data. The 
recurrence rates were 4.47% (95% CI: 2.75– 6.58), 4.53% (95% CI: 
1.69– 8.65) and 2.41% (95% CI: 1.28– 3.91), respectively (Figure S4). 
No significant difference was found (p = .44). Furthermore, since 
these studies come from different regions, we separately pooled the 
recurrence rate in Asia- Pacific regions and non- Asia- Pacific regions 
to see if there is any difference. In 15 studies that reported the du-
rability of HBsAg seroclearance, 10 from the Asia- Pacific regions 
and 4 from non- Asia- Pacific regions, the last one was a multicentre 
cohort study. The recurrence rates were 6.91% (95% CI: 4.20– 10.23) 
in Asia- Pacific regions and 3.26% (95% CI: 1.35– 5.95) in non- Asia- 
Pacific regions (Figure S5). No significant difference was found 
(p = .14). Finally, previous studies have reported that anti- HBs posi-
tivity or high anti- HBs levels are a predictor of a sustained functional 
cure.8,11,19 Ten studies reported the status of anti- HBs. The results 
showed that the recurrence rate of patients with positive anti- HBs 
seroconversion was significantly lower than that of patients with 
negative anti- HBs seroconversion (RR = 0.25, 95% CI: 0.09– 0.42, 
p < .001, I2 = 0%) (Figure 3).

F I G U R E  3  Meta- analysis of recurrence rate after HBsAg seroclearance among anti- HBs- positive or anti- HBs- negative patients
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3.4  |  Incidence of HCC after HBsAg seroclearance

Thirty- three studies reported the incidence of HCC, and a total of 
194 patients among 43,573 CHB patients developed HCC after 
HBsAg seroclearance. Sixteen studies among 33 provided the inci-
dence of HCC among patients who remained HBsAg- positive. We 
found that patients who experienced HBsAg seroclearance had a 
significantly lower HCC incidence than HBsAg- positive patients 
(RR = 0.41, 95% CI: 0.22– 0.76, p < .001, I2 = 58%) (Figure 4). In 8 
studies, there were no HCC incidence after HBsAg seroclearance. 
Overall, the pooled incidence rate of HCC after HBsAg seroclear-
ance was 1.88% (95% CI: 1.16– 2.76, I2 = 93.2%, random- effects 
model) (Figure 5). The results suggested that there is a certain risk 
of HCC occurrence in patients with HBsAg seroclearance, although 
they were considered to have significantly more favourable clinical 
outcomes than those who remain positive. In all 33 studies, twenty- 
three studies reported the cirrhosis status of patients at the time 
of HBsAg seroclearance. HCC occurred in 49 of 6967 non- cirrhotic 
patients, and the pooled incidence rate of HCC was 0.76% (95% CI: 
0.56– 0.97, I2 = 0%) (Figure S6). This rate in non- cirrhotic patients 

was markedly lower than that in all HBsAg seroclearance patients 
(1.88%). There was no significant heterogeneity among those stud-
ies. Then, thirteen studies further reported the incidence of HCC 
stratified by the presence of cirrhosis before seroclearance. Patients 
without baseline cirrhosis were associated with a significantly lower 
HCC incidence after HBsAg seroclearance (RR = 0.17, 95% CI: 0.12– 
0.25, p < .001) (Figure S7). Finally, we tried to assess whether post- 
treatment versus spontaneous HBsAg seroclearance would have 
any difference in HCC incidence. Nine studies among 33 included 
patients with HBsAg seroclearance after NA treatment and/or 
IFN treatment, while 8 studies had patients who all spontaneously 
achieved HBsAg clearance. The pooled incidence rates of HCC were 
0.83% (95% CI: 0.35– 1.52) and 3.53% (95% CI: 1.58– 6.19), respec-
tively (Figure S8). There was significant difference between them 
(p = .003). This result showed that the incidence of HCC in patients 
after treatment was significantly lower than that in patients with 
spontaneous clearance. Our analysis suggested that cirrhosis at the 
time of HBsAg seroclearance was a crucial risk factor for HCC oc-
currence, and the early acquisition of HBsAg seroclearance by treat-
ment leads to favourable clinical outcomes.

F I G U R E  4  Meta- analysis of HCC incidence among CHB patients with HBsAg seroclearance male or HBsAg- positive
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4  |  DISCUSSION

This systematic review and meta- analysis included 38 studies and 
data from 43,924 patients with HBsAg seroclearance. To the best of 
our knowledge, this is the first systematic study with a large sample 
size to analyse the durability of and recurrence rate after HBsAg se-
roclearance. HBsAg seroclearance or seroconversion has been con-
sidered the ideal treatment endpoint for CHB patients,2,46 which can 
be achieved spontaneously or induced by NA and/or IFN treatment. 
It should be noted that there is a phenomenon of “S- escape” muta-
tions in the HBsAg gene, this may result in a status of undetectable 
serum HBsAg with detectable serum and/or intrahepatic HBV DNA 
which named occult hepatitis B infection (OBI).47 OBI may result 
from patients with chronic hepatitis B who achieved HBsAg sero-
clearance. However, a functional cure does not mean that HBV has 

been eradicated from a virological perspective. Thus, this has be-
come the focus in the clinical setting, and it is necessary to evaluate 
the durability of HBsAg seroclearance and whether it is associated 
with significantly favourable clinical outcomes.

In terms of durability, this analysis of 15 studies, which included 
3584 patients with HBsAg seroclearance among 20,167 CHB pa-
tients, resulted in a pooled recurrence rate of 6.19% during an 
average follow- up of 4.74 years and suggested that HBsAg sero-
clearance is durable. A few studies reported significant differences 
in the recurrence rates after HBsAg seroclearance, ranging from 
zero13,17 to as high as 13%,11 which may be related to differences 
in study regions, subjects and sample size. Five studies reported 
a higher recurrence rate within one year after HBsAg seroclear-
ance,8,14,19- 21 and the rate increased slowly or decreased after one 
year. The recurrence rate was 6.49% at 1 year of follow- up, which 

F I G U R E  5  Meta- analysis of overall pooled HCC incidence in CHB patients after HBsAg seroclearance
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was slightly higher than the total recurrence rate. The follow- up 
time for the determination of the durability of HBsAg seroclear-
ance may be set at 1 year. Furthermore, anti- HBs positivity was 
significantly associated with a lower recurrence rate (RR = 0.25). 
However, some studies have reported results inconsistent with 
this. HBV DNA can reappear when HBsAg is negative and anti- HBs 
is positive. The presence of variations in the S region could exist. 
Patients with mutations could develop the intracellular retention of 
HBsAg proteins and disturbances of viral protein secretion, leading 
to the dissociation of HBsAg production and viral replication.48,49 
Several studies provided explanations for the cases of recurrence, 
including patients who received immunosuppressive therapy or 
hormone therapy, as well as drug resistance sites detected during 
NA treatment before HBsAg seroclearance.8,16,18 These conditions 
increase the risk of recurrence in patients with HBsAg seroclear-
ance and require surveillance. In addition, the results showed that 
there was no significant difference in the recurrence rate based on 
the HBsAg seroclearance method, recurrence type, or different 
regions, suggesting that regardless of which method was used to 
obtain HBsAg seroclearance, it will be durable. Besides, there was a 
trend towards lower recurrence in the western studies, the reason 
for this observation may be related to the number of studies from 
the West was relatively small, as well as most of western patients 
developed anti- HBs after HBsAg seroclearance, and the presence 
of the antibody was sustained.

In terms of the clinical outcome, the analysis of 33 studies in-
cluding 45,531 patients with HBsAg seroclearance suggested that 
patients who experienced HBsAg seroclearance had a significantly 
decreased HCC incidence compared with those who remained 
HBsAg- positive (RR = 0.41). However, approximately 1.88% of pa-
tients may still develop HCC after HBsAg seroclearance. In the data 
from the 23 studies, we excluded patients with cirrhosis before 
HBsAg seroclearance, and the pooled rate of HCC occurrence fell 
to 0.76%. Further analysis of 13 studies involving patients with and 
without cirrhosis at baseline suggested that the absence of cirrhosis 
was associated with a significantly lower HCC incidence after HBsAg 
seroclearance compared with the presence of cirrhosis (RR = 0.17). 
This is consistent with previous reports that cirrhosis at the time of 
HBsAg seroclearance might contribute to HCC development.50,51 
Our analysis and related studies suggest that patients who experi-
ence HBsAg seroclearance have favourable clinical outcomes, and 
achieving a functional cure early in the absence of cirrhosis can 
result in a relatively better prognosis. Furthermore, patients after 
treatment was associated with lower risk of HCC occurrence com-
pared to those with spontaneous clearance. Finally, other risk fac-
tors related to HCC, such as HBV genotype, age and gender, were 
not analysed in this study due to limited data.

Several limitations of this meta- analysis should be addressed. 
First, the limited available data about the durability of HBsAg se-
roclearance, as well as the short follow- up periods among the in-
cluded studies, limited the possibility of calculating the recurrence 
rate over a longer time and investigating more factors in subgroup 
meta- analyses. Second, some patients with reactivation of HBV had 

S region mutations, immunosuppressive therapy, or other relevant 
therapy, which may have affected the analysis of recurrence rates. 
Furthermore, the annual HCC incidence after HBsAg seroclearance 
could not be calculated in this study, mainly due to the various fol-
low- up times of the studies, and the follow- up durations in several 
studies were relatively short for the observation of HCC occurrence. 
Finally, there was some heterogeneity in our analysis, which might 
be because of the different regions and characteristics of the pa-
tient populations, as well as the various sample sizes and follow- up 
times. In addition, such inherent heterogeneity might be caused by 
the methodology involved in a meta- analysis of pooled proportions 
to some extent, which is difficult to avoid, although we eliminated 
heterogeneity via our study design and subgroup analyses as much 
as possible.

HBsAg seroclearance has been recommended as an ideal 
endpoint of antiviral treatment by the HBV management guide-
lines, and the durability of and clinical outcomes after HBsAg se-
roclearance have become the focus in the clinical setting. Many 
clinicians recognize the importance of these issues, but there is a 
lack of evidence- based medical knowledge. Our results showed 
that HBsAg seroclearance was durable and that anti- HBs serocon-
version was a protective factor against recurrence. Patients who 
experienced HBsAg seroclearance had a low HCC incidence and 
favourable clinical outcomes, and those without baseline cirrhosis 
had a significantly lower HCC incidence compared with those with 
cirrhosis. We emphasize the importance of obtaining early HBsAg 
seroclearance.
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