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life after s loss: impact of 
Hepatitis B s antigen loss on 
Future Patient Outcomes
Daniel Q. Huang, M.D.,*,† and Seng Gee Lim, M.D.*,†

Chronic hepatitis B (CHB) affects an estimated 257 mil-
lion people worldwide and contributed to 887,000 deaths 
in 2015 alone.1 Hepatitis B s antigen (HBsAg) is present 
in 3.6% of the world’s population,2 and 12% to 20% of 
patients with CHB go on to experience development of 
liver cirrhosis. Among the individuals with cirrhosis, 20% 
to 23% experience development of liver decompensation, 
and 6% to 15% experience development of hepatocellu-
lar carcinoma (HCC).3

The presence of covalently closed circular DNA and hep-
atitis B virus (HBV) integration into DNA makes complete 
removal of HBV unlikely with current antiviral strategies. 
An international workshop involving European Association 
for the Study of the Liver and American Association for the 
Study of Liver Diseases concluded that functional cure, or 
HBsAg loss 6 months after stopping therapy, is an accept-
able goal of therapy.4

FreQUenCY OF HBsaG lOss

A large systematic review and meta-analysis of 42,588 
treated and untreated individuals with cohorts from Asia, 
Europe, and America demonstrated an overall HBsAg 
seroclearance rate of 1% (pooled annual rate) (95% 
confidence interval [CI]: 0.79-1.27).5 After 15 years, the 
cumulative rate of HBsAg seroclearance increased to 
18%. This meta-analysis did not find any statistical sig-
nificance in the annual rate of HBsAg seroclearance be-
tween treated (0.8%) and untreated (1.3%) individuals, 
although there was a higher rate of HBsAg loss among 
individuals treated with interferon (IFN) compared with 
nucleos(t)ide analogues (NUCs). Individuals who were 
HBeAg negative, with lower baseline HBV DNA and 
quantitative HBsAg levels, had higher rates of HBsAg se-
roclearance, suggesting that more patients in the inactive 
carrier phase achieve functional cure. Similarly, a separate 
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meta-analysis in untreated individuals also reported a 
HBsAg loss rate of 1% a year.6

DisCOnTinUinG nUCs as a sTraTeGY TO 
inCrease HBsag lOss

There has been considerable interest in stopping 
NUCs as a strategy to achieve HBsAg loss. This was first 
noted in a study by Hadziyannis et al.,7 who followed 33 
HBeAg-negative patients with undetectable HBV DNA and 
stopped adefovir. Eighteen patients achieved sustained 
response (HBV DNA  <  2000  IU/mL and normal alanine 
aminotransferase), with 13 of them losing HBsAg after a 
follow-up period of 5.5 years. In contrast, 15 patients were 
restarted with NUCs, and only 1 lost HBsAg. Subsequently, 
a number of studies have attempted to explore HBsAg 
loss by stopping NUCs with mixed results, some achieving 
46.7% HBsAg loss,8 whereas others achieved only a low 
rate of 2%9 or even no HBsAg loss.10 The heterogeneity 
in HBsAg loss rates is clearly due to multiple factors, such 
as duration of antiviral therapy, HBeAg status, duration 
of follow-up after stopping NUCs, and the quantitative 
HBsAg (qHBsAg) level at the time of treatment discontin-
uation. A systematic review reported that a HBsAg level 
<100 IU/mL prior to stopping NUCs is a useful marker for 
identifying patients who could potentially stop therapy.11 
Papatheodoridis et al.12 conducted a systematic review 
evaluating studies that discontinued NUCs when patients 
were in viral remission. The pooled estimate of HBsAg loss 
was 2%. This meta-analysis involved multiple studies with 
heterogenous study designs, and the follow-up may not 
have been long enough to address this question.

risK FOr liver-relaTeD COMPliCaTiOns 
aFTer HBsag lOss

Overall Risk for Complications
Due to the variability in studies that examined clinical out-

comes after HBsAg loss, the highest quality data come from 
meta-analyses with low risk for bias. Such a meta-analysis 
has been presented at the European Association for the 
Study of the Liver by Choi et al. from the HBV Forum.13 
The authors included 25 studies, with almost 1.4 million 
person-years of follow-up from 178,000 patients. A total of 
33,000 of these individuals experienced s antigen seroclear-
ance. Only studies with more than 50 patients and at least 
2 years of follow-up were included. The pooled rate ratio 
for the first reported adverse clinical event (a composite of 

decompensation, HCC, need for liver transplantation, or 
death) was 0.34 (95% CI: 0.23-0.50, P  <  0.001). When 
only studies that evaluated treated patients were included, 
there were no significant differences in the rate ratios for 
the composite outcome between treatment types (IFN, 
NUC, or IFN and NUC; P = 0.30). There was also no signifi-
cant difference in the rate ratios between the treated and 
untreated groups. Subgroup analysis evaluating the effect 
of genotype, presence of coinfection, length of follow-up, 
and baseline HBeAg status did not show a significant dif-
ference in the rate ratios for the composite outcome. The 
authors checked for confounders by performing a meta-
regression evaluating the effect of years of follow-up, 
publication year, and journal impact factor on the primary 
endpoint. None of these factors were significant.

Risk for Development of Decompensation
In the earlier-mentioned systematic review and meta-

analysis, Choi et al.13 reported that five studies provided 
data for the risk for decompensation after HBsAg loss. The 
pooled relative rate for decompensation was 0.31 (95% 
CI: 0.15-0.64, P = 0.002).

Risk for Development of HCC
Choi et al.13 reported that the pooled rate ratio for HCC 

development in patients who had HBsAg loss was 0.31 
(95% CI: 0.21-0.44, P < 0.001). This pooled estimate was 
derived from an analysis of 22 studies. The pooled esti-
mate for HCC development was highly significant and mir-
rored the pooled estimate from the meta-analyses for the 
first reported adverse clinical event.

Mortality and Need for Liver Transplantation
HBsAg loss has been shown to improve survival in multi-

ple studies. Among patients without cirrhosis with HBsAg 
loss, only 1/189 patients passed away in a Taiwanese cohort 
during follow-up, and 0/164 patients died in a Japanese 
cohort with median follow-up of more than 5 years.14,15 In 
contrast, patients with cirrhosis prior to developing HBsAg 
loss had a higher mortality, with 1/29 and 2/32 patients 
in a Taiwanese and European cohort, respectively, passing 
away over more than 4 years of mean follow-up, suggest-
ing that the presence of cirrhosis in HBsAg loss makes a 
difference in overall outcome.14,16

Choi et al.13 reported a pooled rate ratio of 0.75 (95% 
CI: 0.57-0.99, P  =  0.043) for a composite secondary 
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endpoint of death or liver transplant in individuals who 
underwent HBsAg loss, implying an average survival ben-
efit or avoiding liver transplant in 25% of patients who 
achieve HBsAg loss.

HePaTiC sTeaTOsis anD HBsag 
serOCOnversiOn

There has been debate about whether hepatic steatosis 
affects HBsAg seroconversion rates. Some authors have 
hypothesized that hepatic steatosis may interfere with the 
cytoplasmic distribution of HBsAg and induction of hepat-
ocyte apoptosis. In a Taiwanese study involving 155 pa-
tients with HBsAg seroconversion, these authors observed 
that those with steatosis achieved HBsAg seroconversion 
at a younger age (49 versus 53 years, P = 0.001).17 The 
same authors also performed a case-control study compar-
ing HBsAg seroconverters matched against nonserocon-
verters, and concluded that moderate-to-severe hepatic 
steatosis was significantly more prevalent in patients with 
HBsAg seroconversion.18 Intrahepatic HBsAg-positive im-
munostaining was noted to be decreased in patients 
with hepatic steatosis.19 However, the available evidence 
is still inconclusive, and further well-designed studies are 
required.

FaCTOrs THaT aFFeCT HCC risK aFTer 
HBsag serOCOnversiOn

Liu et al.20 performed a systematic review and meta-
analyses involving 28 studies and 34,952 patients to 
evaluate the risk for HCC after HBsAg loss. They dem-
onstrated that the overall pooled proportion of patients 
who have HCC after HBsAg loss is 2.29% (95% CI: 
1.19%-4.37%). When only patients without cirrhosis 
and coinfection with hepatitis C virus were included, 
the pooled proportion of HCC development was 1.55% 
(95% CI: 0.92%-2.61%).

Kuang et al.21 performed a systematic review and me-
ta-analyses evaluating the risk factors for HCC development 
after HBsAg loss. The presence of cirrhosis, male sex, and 
age >50 years at the time of HBsAg loss were significant 
risk factors for HCC development, and HCC surveillance 
should be continued in individuals with any of these risk 
factors. This may be related to a higher fibrosis stage asso-
ciated with later seroconversion in life, as seen in a cohort 
from New Zealand demonstrating that earlier HBsAg loss 
was associated with lower liver stiffness measurements.22

DUraBiliTY OF HBsaG serOCOnversiOn 
anD FaCTOrs THaT aFFeCT 
serOreversiOn

A recent study by Alawad et al.23 followed 89 pa-
tients with HBsAg loss (both spontaneous and treat-
ment related) for almost 10  years and showed that 
95% remained HBsAg negative. Another study pooled 
data from three phase 3 clinical trials of patients treated 
with NUC monotherapy or pegylated interferon ± NUC 
therapy and found that HBsAg loss was durable in 82% 
with a median follow-up of 96  weeks.24 In this study, 
anti-HBs seroconversion was not significantly associated 
with HBsAg seroreversion. Consolidation of treatment 
>12 weeks and confirmation of HBsAg >12 weeks after 
HBsAg loss were significantly associated with less serore-
version. From Korea, Kim et al.25 showed that HBsAg loss 
was durable in 84% (92/110) of patients after a total 
follow-up of 287 patient-years after HBsAg loss.

COnClUsiOn

HBsAg loss or functional cure has recently been adopted 
as a goal for antiviral therapy. However, it is a relatively 
uncommon event in patients with CHB, either spontane-
ously or under treatment, with a meta-analysis showing no 
difference between the two groups. Discontinuing NUCs 
is an emerging strategy to achieve HBsAg loss, but the 
data are rather heterogenous. A meta-analysis suggests 
that qHBsAg <100  IU/mL at the time of discontinuation 
leads to high rates of HBsAg loss. HBsAg loss is associated 
with significantly lower hepatic decompensation rates, less 
HCC, and better outcomes, especially when attained ear-
lier than 50 years old and prior to the onset of cirrhosis. 
Consequently, HBsAg loss is a validated endpoint, but bet-
ter antiviral therapies are needed to improve this.
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