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Abstract

Background—Spontaneous loss of hepatitis B surface antigen (HBsAg), or functional cure, in
patients with chronic hepatitis B (CHB) significantly reduces liver-related complications.
Differential rates have been suggested by individual studies performed in non-endemic and
endemic regions, potentially related to likelihood of spontaneous clearance if CHB was acquired
as an adult versus child. We systematically determined a pooled annual rate of HBsAg loss in
untreated CHB-infected adults and examined impact of regional endemicity.

Methods—Pubmed/EMBASE were searched for observational cohort studies and non-treatment
arms of randomized controlled trials (RCTSs) reporting proportion of patients with CHB achieving
spontaneous HBsAg loss. RCTs were excluded from meta-analyses due to substantial cohort
differences. Results were stratified on whether the underlying cohort primarily arose from an
endemic, defined as CHB prevalence >2%, or non-endemic region. We explored sources of
heterogeneity through univariate meta-regression.

Results—Of 4771 screened, 66 studies (11 RCTs, 38 prospective and 17 retrospective cohort
studies) met inclusion criteria and 55 were included in meta-analyses with exclusion of RCTSs.
Spontaneous HBsAg loss occurred in 3489 (7.6%) of 45,975 patients with 341,862 person-years
of follow-up. The pooled annual incidence rate of HBsAg loss was 1.13% (0.92—1.36%, 12=96%).
Rates did not differ by endemicity: 1.13% (0.85-1.45%) in endemic vs 1.29% (0.99-1.62%) in
non-endemic cohorts. Meta-regression showed proportion of cohort HBeAg-negative and cohort
age were primary contributors to substantial heterogeneity.

Conclusion—Globally, spontaneous HBsAg loss occurs infrequently (~1% per year) in
treatment-naive adults with CHB infection. The low and homogeneous rate of HBsAg loss
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highlights the need for new therapeutics aimed at achieving functional cure across different patient
profiles and geographic regions.

Keywords
hepatitis B virus (HBV) infection; meta-analysis; hepatitis B surface antigen loss or seroclearance

Introduction

Chronic hepatitis B (CHB) virus infection impacts an estimated 240 million individuals
worldwide and is a leading cause of cirrhosis and hepatocellular carcinoma (HCC), the fifth
most common cancer globally(1, 2). Burden of CHB infection, despite introduction of
effective hepatitis B virus (HBV) vaccine three decades ago, endures as a pressing public
health concern, particularly in endemic regions of Asia and sub-Saharan Africa(3).

Seroclearance or loss of circulating hepatitis B surface antigen (HBsAQ), with or without
development of antibodies to surface antigen, signifies profound suppression of viral
replication and is an important, if infrequent, achievement in the natural history of CHB
infection. Mechanism of spontaneous loss of HBsAg is poorly understood but likely relates
to a gradual decline out of HBSAg transcription, disruption of transcription from integrated
viral genomes, and the slow process of cccDNA loss(4). Spontaneous HBsAg loss typically
occurs after a long period of sustained inactive disease, characterized by hepatitis B e-
antigen negativity, low levels of viremia, and minimal if any progression of fibrosis(5). The
term “functional cure” has been ascribed to loss of HBsAg, either spontaneous or with
treatment, as risk of cirrhosis, if not already present, becomes negligible and development of
HCC is reduced by over 60%(6). It is not, however, considered a true cure since viral
covalently closed circular DNA (cccDNA) can persist within hepatocytes despite clearance
of both viral DNA and antigen from serum, and reactivation with reversion to positive
HBsAg can occur if host immunity is disrupted(7).

Early reports on CHB-infected cohorts indirectly suggested geographical disparities in the
frequency of HBsAg loss, with higher rates of loss in non-endemic(8) than endemic
regions(9) (>1% vs. <1%, respectively) reported in individual studies. One proposed
explanation was age at CHB acquisition, with infections occurring predominantly in
neonates/infancy in endemic regions compared to adults in non-endemic regions. Age-
dependent immunity to HBV is well-established, with 95% of acutely infected adults
clearing infection compared to only 10% of neonates(10). Natural history also differs as the
decades long immune-tolerant period in those infected as neonates is short or non-existent in
adults(10). Maturity as well as the diversity of the immune response in adults, therefore,
could plausibly lead to higher rates of HBsAg loss in non-endemic regions(11). However,
more recent studies from Asia demonstrating comparatively equivalent rates of HBsAg loss
suggest duration of follow-up and underlying distribution of cohort characteristics may play
a larger role in previously identified regional differences(12).

As we move towards loss of HBsAg rather than viral suppression as the therapeutic endpoint
for novel CHB therapeutics, establishing a baseline rate of spontaneous HBsAg loss, for the
large population of patients with inactive and indeterminant CHB who do not meet current
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treatment criteria, as a point of comparison is crucial(13). As yet, a systematic effort to pool
rates of spontaneous HBsAg loss has not been undertaken. In this systematic review of
published literature, we performed pooled meta-analyses of annual rates of HBsAg loss in
CHB cohorts with longitudinal follow-up. In addition, we examined potential drivers of
variation in rate estimates, with a focus on impact of regional endemicity.

Search strategy and selection criteria

A systematic review and meta-analysis was carried out to estimate a pooled annual rate of
HBsAg loss among treatment-naive adults with CHB infection (PROSPERO
#CRD42018074086). A literature search was completed on September 9, 2017 within
PubMed and EMBASE. A combination of search terms relating to “chronic hepatitis B,”
“surface antigen,” and “seroclearance or loss” was used and is detailed in Appendix p1.
Additional citations were identified via manual search of references from included articles.
If necessary, authors were contacted directly for additional details.

We searched for observational cohort studies and non-treatment arms of randomized
controlled trials that reported outcome of HBsAg loss. Abstracts were included if sufficient
data were presented. Case-control and cross-sectional studies, reviews, and dissertations/
theses were excluded. All studies had cohorts with confirmed chronic infection. Often
multiple studies reported HBsAg loss using the same cohort; we selected the study with the
longest duration of follow-up for inclusion. Furthermore, studies that reported on a subgroup
(i.e. HBeAg-negative only or inactive carriers) of an already included cohort were accepted
for subgroup analysis only, but excluded from overall analysis to avoid duplication.

The following exclusion criteria were applied to reduce heterogeneity and allow for pooling
of comparable studies: 1) studies with greater than 10% of cohort undergoing either oral
nucleot(s)ide or interferon treatment during follow-up to limit influence of on-treatment
rates of HBsAg loss; 2) studies with sample size less than 20 individuals; 3) studies with
duration of follow-up less than one year; 4) CHB subpopulations including acute infection,
post-liver transplant, hepatocellular carcinoma, decompensated cirrhosis, and hemodialysis;
5) pediatric cohorts, although we did include cohorts with an age range lower limit of 12
years; 6) non-English publications; and 7) insufficient reporting of outcome data for
extraction. Cohorts comprised exclusively of co-infected patients with human
immunodeficiency virus (HIV), hepatitis D virus (HDV) and/or hepatitis C virus (HCV)
were excluded, but otherwise included. Cohorts derived from pregnant women and
compensated cirrhotics were permitted.

Data extraction

Titles, abstracts and full-texts were sequentially screened by two reviewers (KZ, CC) and
disagreements resolved by a third reviewer (NT). Two reviewers (KZ, CC) independently
extracted data from accepted full-text studies, with discrepancies discussed with the third
reviewer (NT). The following study variables were extracted: authors, journal of publication,
publication year, study design, study country and region, population, inclusion and exclusion
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criteria, type and timing of HBsAg testing, and definition of HBsAg loss. Cohort variables
included mean age, sex, race, proportion HBeAg-negative, and proportion with co-infection.
Outcome measures included annual incidence rate, total cohort sample size, number with
HBsAg loss, and duration of follow-up (mean or person-years when provided). When an
annual incidence rate was not reported, this outcome was calculated using number with
HBsAg loss as the numerator, and either total cohort size*mean duration of follow-up or
reported person-years of follow-up as denominator. Additionally, we extracted number with
positive HBV DNA at time of HBsAg loss and number with positive surface antibody (anti-
HBs) when reported.

Data analysis

We calculated a pooled annual rate of HBsAg loss using a random-effects meta-analysis
with the Freeman-Tukey double-arcsine transformation to allow for studies with zero events
and to stabilize variances(14). Due to substantial qualitative differences in cohorts arising
from RCTs, with primarily immune-active patients and short duration of follow-up, and lack
of overlap when results were stratified by study design (see Appendix p2), an overall pooled
rate was reported with exclusion of RCTs, and RCTs were also excluded from subsequent
subgroup meta-analyses. We reported pooled estimates for the following subgroups:
HBeAg-negative cohorts, HBeAg-positive cohorts, and inactive carriers. Inactive carriers
were defined as cohort inclusion criteria of HBV DNA<2000 IU/mL and normal ALT.
Pooled estimates were also stratified by World Health Organization (WHO) region and by
endemicity of the underlying study cohort. A study cohort was considered endemic by
default if the CHB seroprevalence of the country in which the study was performed was
greater than 2% based on a published systematic review of country-level estimates of CHB
prevalence(2) or if a prevalence rate >2% was stated by the study for the specific region
studied. In addition, a study was categorized as endemic (regardless of study country
endemicity) if the underlying cohort was comprised of immigrants from an endemic region,
and vice versa. Studies that did not report race or were of mixed endemicity (included
individuals from both endemic and non-endemic regions) were excluded from this subgroup
meta-analysis.

Statistical heterogeneity was assessed using / test(15). We performed univariate meta-
regression to examine the influence of study and cohort level factors on heterogeneity. Study
level factors included study design, region, type of HBsAg test, and definition of HBsAg
loss. Cohort level factors included endemicity, proportion HBeAg-negative, mean cohort
age, proportion male, duration of follow-up, and cohort inclusion of co-infected or treated
individuals. We also examined impact of cohorts that did not report co-infection testing or
treatment status. Publication bias was assessed using a funnel plot and Egger’s test(16). We
also plotted log of outcome against study size with Peter’s test as a secondary test for
publication bias, as standard tests may not be reliable in pooled incidence meta-
analyses(17). Methodologic quality of included studies was assessed using a tool adapted
from Hoy et al (available in Appendix p3) (18). All analyses were conducted in STATA
version 14.0 (College Station, TX).
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A total of 4771 studies were screened for inclusion, with 73 (1.5%) studies meeting
eligibility criteria. Of the 73 studies, 7 were subgroup analyses of an already included
cohort, resulting in 66 primary studies that met eligibility criteria(8, 12, 19-81).
Characteristics of these 66 studies are summarized in Appendix p4-5. With exclusion of the
11 RCTs, there were a total of 55 cohort studies, 38 being prospective and 17 retrospective,
that were further included in meta-analyses (Figure 1). Studies originated from 22 individual
countries representing five WHO regions (see Appendix p6-7). The represented WHO
regions included Western Pacific (n=30, 45%), European (n=23, 35%), Americas (n=9,
14%), South East Asian (n=2, 3%) and Eastern Mediterranean (n=2, 3%).

Of 55 cohort studies included in meta-analyses, 34 (62%) studies described HBsAg loss in
cohorts with both HBeAg-negative and HBeAg-positive individuals compared to 17 (31%)
with HBeAg-negative individuals only, 2 (4%) with HBeAg-positive only, and HBeAg status
was not reported in 2 (4%) studies. Most studies (n=41, 75%) defined HBsAg loss as a one-
time negative measurement of HBsAg. The other 14 studies used an outcome of sustained
HBsAg loss, defined as at least two consecutive negative measurements, typically at least 6
months apart, and remaining negative until the end of follow-up. Ten studies included
treated patients (although less than 10% of the cohort per inclusion criteria) and treatment
status was unclear in 17 studies. In studies with treated patients, 4 included oral
antivirals(35, 56, 62, 81), 3 interferon therapy(20, 35, 38) and 4 either did not specify(26,
65, 72) or included older non-standard drugs(77). Co-infected patients were not excluded in
17 studies and either not reported or not tested in 7 studies. Three studies evaluated HBsAg
loss in compensated cirrhotics(34, 51, 61), and one study included only pregnant
women(42). Ten studies provided baseline quantitative HBsAg (qHBsAQ) levels, with 9
studies reporting an independent negative association between baseline gHBsAg and
subsequent HBsAg loss(20, 23, 26, 40, 42, 47, 65, 74, 75).

Annual rates of spontaneous HBsAg loss

Of 45,975 patients with 341,862 person-years of follow-up, 3489 (7.6%) experienced
spontaneous HBsAg loss. The pooled annual incidence rate (n=55 studies) was 1.13% (95%
Cl 0.92-1.36%, 12=96%) (see Figure 2). Subgroup analysis by HBeAg status and inactive
carrier cohorts are presented in Figure 3. The pooled annual incidence rate was 1.36% (95%
Cl 1.09-1.67%, 12=95%) in HBeAg-negative cohorts (n=25) and 0.74% (95% CI 0.11-
1.80%, 12=92%) in HBeAg-positive cohorts (n=5). Eight studies used a strict definition for
inactive carriers (HBV DNA<2000 IU/mL and normal ALT) for cohort inclusion, resulting
in a pooled rate of 1.25% (95% CI 0.98-1.54%, 12=22%).

Rates were similar when stratified by either WHO region or regional endemicity of study
cohort (Figure 4). The annual rate was 1.13% (95% CI 0.83-1.47%), 1.01% (95% CI 0.80—
1.25%) and 1.11% (95% CI 0.63-1.73%) for WHO Western Pacific, European, and
Americas regions, respectively. Summary measures from South East Asian and
Mediterranean regions were not presented due to insufficient number of studies for pooling.
No statistical difference was observed by regional endemicity: endemic cohorts had an
annual rate of 1.13% (95% CI 0.85-1.45%) compared to 1.29% (95% CI 0.99-1.62%) in
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non-endemic cohorts. The annual incidence of HBsAg loss ranged 0.8-1.4% among three
studies performed in treatment-naive compensated cirrhotics(34, 51, 61).

Twenty-six studies(8, 19, 21, 24, 27-29, 32, 33, 36, 37, 40, 42, 44, 46, 50, 51, 57, 58, 61, 62,
68, 73, 74, 77, 80) reported the proportion of individuals with anti-HBs concurrent with or
after loss of HBsAg and 9 studies(19, 28, 37, 38, 43, 45, 58, 72, 73) tested HBV DNA at
time of HBsAg loss. From those studies, a pooled 50.3% (95% CI 40.7-60%) with HBsAg
loss developed anti-HBs and 5% (95% CI1 0.5-12.5%) had detectable HBV DNA at time of
HBsAg loss.

Sources of heterogeneity (meta-regression)

Results of meta-regression are available in Appendix p8. The primary sources of
heterogeneity were proportion of cohort HBeAg-negative and cohort age. There was a
positive association between both proportion of cohort HBeAg-negative and mean cohort
age with rate of HBsAg loss (see Appendix p9). When categorized, cohorts with greater than
50% of individuals HBeAg-negative at start of follow-up had higher rates than cohorts with
less than 50% (p=0.04). Similarly, studies with mean cohort age older than 40 years had a
1.7-fold higher rate of HBsAg loss than studies with cohorts younger than 40 (p=0.03),
corresponding to an annual rate of 1.6% vs 1.1% in cohorts older than 40 and younger than
40, respectively. There were also higher rates of HBsAg loss reported in observational
cohort studies compared to RCTs, although this did not reach statistical significance
(p=0.06). Study-level factors that were not statistically significant in meta regression
included type of HBsAg test (Abbott vs other), definition of HBsSAg loss (one time versus
multiple negative), and study region; cohort-level factors included proportion male,
endemicity, follow-up time, inclusion of co-infection and inclusion of studies with treated
individuals.

Quality assessment and bias

Overall quality of studies was limited by observational nature, which are at higher risk for
bias from incomplete data or follow-up. However, prospective studies were more frequent
than retrospective studies. For the majority of studies, consecutive recruitment was
employed with clear descriptions of inclusion and exclusion criteria, diminishing the
potential for selection bias. Instead of HBsA(g testing at specified intervals, a few studies
performed a one-time test in all patients that followed up and only included patients that
received the test in their cohort, with time-of-follow-up spanning from entry into cohort to
date of one-time testing. This method prevented potential competing risks such as liver
transplant, loss to follow-up and death from influencing estimates. Full quality assessment of
included studies is available in Appendix p10-11. Ten studies were found to be at high-risk
of bias, 22 moderate-risk and 23 low-risk. There was no strong evidence of publication bias
as visualized on the funnel plot and by statistical testing (see Appendix p12).

Role of funding source

The funder of the study had no role in study design, data collection, data analysis, data
interpretation, or writing of the report. The corresponding author had full access to all the
data in the study and had final responsibility for the decision to submit for publication.
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Discussion

For adults living with CHB infection, loss of HBsAg, or functional cure, is a highly desired
outcome as functional cure carries an excellent prognosis, with few developing cirrhosis,
decompensation or HCC with long-term follow-up(82, 83). To our knowledge, this is the
first systematic effort to characterize the frequency of spontaneous HBsAg loss. Data from
over 45,000 individuals and across a diverse range of studies yielded a pooled seroclearance
rate of 1.13% per year. Regional and cohort endemicity did not influence this rate. Even in
inactive carrier cohorts, with the highest likelihood of achieving spontaneous HBsAg loss,
the pooled annual rate was low at 1.25%. Notably, heterogeneity in underlying cohort
distributions and outcome assessment was substantial and findings need to be interpreted
within this context. Unfortunately, achieving functional cure remains a hard-to-reach
endpoint even for CHB patients on treatment. Studies of on-treatment rates of HBsAg loss in
immune-active patients have shown even lower rates than spontaneous loss with oral
nucleos(t)ides, the largest study of over 5000 patients reporting only a 0.3% annual rate of
loss(84), with up to 9% reported on combination therapy with pegylated-interferon, an
uncommonly used drug in clinical practice(85). New highly effective and safe antivirals are
urgently needed to augment functional cure rates for all patients living with CHB.

We did not find a higher rate of HBsAg loss in non-endemic regions, as previously
proposed. Results of our meta-regression show some of the variation in reported rates of
HBsAg loss can be attributed to cohort characteristics that have maximal impact on
likelihood of loss. As expected, rate of HBsAg loss is a function of the percentage of the
cohort that starts off HBeAg-negative. In our pooled meta-analyses, annual rate of HBsAg
loss was 1.35% vs 0.74% in HBeAg-negative and HBeAg-positive cohorts, respectively. In
East Asia where vertical transmission dominates, HBeAg seroconversion commonly occurs
in the 2" to 3" decade and rates of HBsAg loss peak in the 5 decade, which suggests at
least 10—20 years of disease inactivity typically precedes loss(12). Follow-up time in
predominantly HBeAg-positive cohorts would therefore need to be much longer to achieve
similar rates of HBsAg loss as HBeAg-negative cohorts. At a macro-level, we also
corroborate findings from individual studies that HBsAg loss correlates with age(12, 36, 45,
46). However, it is unclear whether the relationship of age to seroclearance is related to the
duration of inactive disease or the changes in viral immunogenicity and host immune
responses accompanying that phase of infection. In a study of 483 individuals with CHB in
Taiwan, younger age (by decade) at time of HBeAg seroconversion was associated with
decreased risk of cirrhosis and HCC, but interestingly 15-year cumulative incidence of
HBsAg loss was similar across age categories(86), providing support for length of time with
inactive disease being more important than age. A deeper understanding of the viral and
immunologic changes that occur with age and with phase transitions of CHB infection will
be important for future therapeutic interventions that target HBsAg loss.

We found a paucity of data on HBsAg loss from highly endemic regions with low-to-middle
income countries such as Southeast Asia and sub-Saharan Africa. A single study from
Africa was identified during full-text selection, but unfortunately excluded from meta-
analyses as over 50% of the cohort was less than 14 years old. This study performed in The
Gambia, a West African country with an HBV seroprevalence of 12%, included 405 CHB-
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infected participants followed for a median of 28 years and reported a consistent 1% HBsAg
loss per year(87). Route and timing of transmission, either neonatal or in childhood, is
difficult to accurately ascertain and is usually presumed based on geographic location and
underlying prevalence. In Africa, horizontal transmission in childhood is predominant; the
1% annual rate of HBsAg loss reported in Gambia suggests similar rates between vertical
and horizontal transmission. Possible reasons for the lack of published studies on HBsAg
loss in these key regions include limited infrastructure for clinical research and more limited
capacity for frequent serologic testing. Data from these regions on frequency and predictors
of HBsAg loss are still important. For example, the contribution of aflatoxin to liver fibrosis
progression and natural history of genotype E, not present in East Asia, including rates of
seroclearance can only be clarified in these regions(88).

Three studies examined annual incidence of HBsAg loss in cirrhotics, reporting a range of
0.8-1.4%, similar to the 1.1% overall rate. In the majority of included studies with
assessments of cirrhosis (either US, elastography, or histology), few with HBsAg loss had
evidence of cirrhosis at baseline or at time of seroclearance. However, a high proportion with
cirrhosis at time of seroclearance, ranging 15-35%, has been reported(19, 28, 50, 70).
Incident cirrhosis after seroclearance was rare(43, 61), and cirrhotics with seroclearance had
improved prognosis compared to those without(50). Cirrhosis as a predictor of HBsAg loss
remains controversial, considering the long duration of infection prior to loss in most
patients. Some included studies reported liver cirrhosis as a factor associated with HBsAg
loss(27, 47), whereas many others showed no association(62, 65, 71, 73). In addition, while
the risk of HCC is clearly ameliorated with HBsAQg loss, it is much less so among cirrhotics
and patients older than 50(7). Thus, younger patients who incur the most benefit from
HBsAg loss unfortunately have the lowest potential to achieve it spontaneously.

While the rigorous and comprehensive approach of our study delivers the best estimates of
spontaneous loss of HBsAg in CHB infection to date, a few limitations exist, primarily
related to available data. First, there was a lack of diversity in represented countries,
particularly in Asia. China and Taiwan alone accounted for over one-third of all included
studies and two-thirds of studies from Asia. We had to exclude a number of large studies
from unrepresented populations because they met extensive exclusion criteria(87, 89, 90),
which were primarily instituted to limit heterogeneity that would threaten the validity of
pooled estimates. Secondly, inherent bias exists in observational studies and may have
affected the quality of included studies, particularly as details such as number of missing
data or the mean number of measurements per patient were often not mentioned. However,
we attempted to limit influential confounders (i.e. CHB treatment, subpopulations, and co-
infection) as much as possible, without compromising the number of studies for pooling.
Furthermore, as examined in our meta-regression, inclusion of studies with <10% on-
treatment and co-infected patients did not impact our results.

There was wide variability in the definition, measurement and timing of outcome assessment
across included studies, which may impact accuracy of our estimates. Regarding outcome
definition and timing, no difference was found in meta-regression comparing a single to
multiple negative HBsAg measurements. This suggests that HBsAg loss is generally durable
and that repeat measures may not be necessary. However, there is a need for standardization
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of reporting in future studies and clinical trials. Lastly, due to small number of qualifying
studies and heterogeneity, we could not pool data to explore the relationship between HBV
genotype, HBV DNA and quantitative HBsAg (QHBsAQ) levels with HBsAg loss. HBV
genotype A in western countries(91) and genotype B in Asian countries(82) have been
associated with higher rates of HBsAg loss, but ultimately genotype testing is not useful in
homogenous populations. On the other hand, one-time gHBSsAg testing might be a more
efficient, accurate, and cost-effective modality to implement broadly for predicting HBsAg
loss in inactive CHB patients. A simple model incorporating age, HBV DNA and qHBsAg
has been developed using existing data and may be valuable in resource-constrained settings
to identify individuals who would benefit most from HBsAg monitoring(92). Further
validation of these models as well as development of novel biomarkers to predict HBsAg
loss in diverse populations is needed.

The WHO has set an ambitious target for HBV elimination by 2030(93). While enhancing
delivery of HBV vaccine to high prevalence regions is a key strategy, parallel development
of and access to effective and safe antivirals is essential. Key stakeholders have recognized
HBsAg loss as the primary endpoint for clinical trials of emerging CHB therapeutics, as
current drugs are highly efficacious at achieving viral suppression and complete eradication
of virus is not presently feasible(13). Currently approved therapies are not recommended for
persons with inactive or indeterminate CHB, but these patients may still benefit from
functional cure, particularly at younger ages. Our pooled estimate of spontaneous HBsAg
loss at 1.13% per year provides a reference point for future trials that may include CHB-
infected outside of current treatment paradigms. The overall low rate of spontaneous
functional cure underscores the urgency of developing novel CHB drugs with substantially
improved efficacy to widen treatment candidacy and support the goal of HBV elimination
worldwide.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgements

We acknowledge the contribution of additional data from Marlone Cunha-Silva and Claus Niederau. We would also
like to thank Peter Bacchetti and Meghan Morris for their mentorship and support on this review.

Funding

KZ is supported by T32 5T32DK060414-14 from the National Institute of Diabetes and Digestive and Kidney
Diseases (NIDDK).

References

1. El-Serag HB. Epidemiology of viral hepatitis and hepatocellular carcinoma. Gastroenterology.
2012;142(6):1264-73 el. [PubMed: 22537432]

2. Schweitzer A, Horn J, Mikolajczyk RT, Krause G, Ott JJ. Estimations of worldwide prevalence of
chronic hepatitis B virus infection: a systematic review of data published between 1965 and 2013.
Lancet. 2015;386(10003):1546-55. [PubMed: 26231459]

3. Lemoine M, Eholie S, Lacombe K. Reducing the neglected burden of viral hepatitis in Africa:
strategies for a global approach. J Hepatol. 2015;62(2):469-76. [PubMed: 25457207]

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

10

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Page 10

. Yuan T, Jiang Y, Li M, Li W. Chronic hepatitis B surface antigen seroclearance-related immune

factors. Hepatol Res. 2017;47(1):49-59. [PubMed: 27084584]

. Chu CM, Liaw YF. Hepatitis B surface antigen seroclearance during chronic HBV infection. Antivir

Ther. 2010;15(2):133-43. [PubMed: 20386068]

. Liu F, Wang XW, Chen L, Hu P, Ren H, Hu HD. Systematic review with meta-analysis:

development of hepatocellular carcinoma in chronic hepatitis B patients with hepatitis B surface
antigen seroclearance. Aliment Pharmacol Ther. 2016;43(12):1253-61. [PubMed: 27117732]

. Yuen MF, Wong DK, Fung J, Ip P, But D, Hung I, et al. HBsAg Seroclearance in chronic hepatitis B

in Asian patients: replicative level and risk of hepatocellular carcinoma. Gastroenterology.
2008;135(4):1192-9. [PubMed: 18722377]

. Sampliner RE, Hamilton FA, Iseri OA, Tabor E, Boitnott J. The liver histology and frequency of

clearance of the hepatitis B surface antigen (HBsAg) in chronic carriers. Am J Med Sci.
1979;277(1):17-22. [PubMed: 425995]

. Liaw YF, Sheen IS, Chen TJ, Chu CM, Pao CC. Incidence, determinants and significance of delayed

clearance of serum HBsAg in chronic hepatitis B virus infection: a prospective study. Hepatology.

1991;13(4):627-31. [PubMed: 2010157]

. McMahon BJ. The natural history of chronic hepatitis B virus infection. Hepatology. 2009;49(5
Suppl):S45-55. [PubMed: 19399792]

. Publicover J, Gaggar A, Nishimura S, Van Horn CM, Goodsell A, Muench MO, et al. Age-

dependent hepatic lymphoid organization directs successful immunity to hepatitis B. J Clin Invest.

2013;123(9):3728-39. [PubMed: 23925290]

Chu CM, Liaw YF. HBsAg seroclearance in asymptomatic carriers of high endemic areas:

appreciably high rates during a long-term follow-up. Hepatology. 2007;45(5):1187-92. [PubMed:

17465003]

Lok AS, Zoulim F, Dusheiko G, Ghany MG. Hepatitis B cure: From discovery to regulatory

approval. J Hepatol. 2017;67(4):847-61. [PubMed: 28778687]

Freeman MFTJ. Transformations related to the angular and the square root. Ann Math Stats.

1950;21(4):607-11.

Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses.

BMJ. 2003;327(7414):557-60. [PubMed: 12958120]

Sterne JA, Egger M, Smith GD. Systematic reviews in health care: Investigating and dealing with

publication and other biases in meta-analysis. BMJ. 2001;323(7304):101-5. [PubMed: 11451790]

Hunter JP, Saratzis A, Sutton AJ, Boucher RH, Sayers RD, Bown MJ. In meta-analyses of

proportion studies, funnel plots were found to be an inaccurate method of assessing publication

bias. J Clin Epidemiol. 2014;67(8):897-903. [PubMed: 24794697]

Hoy D, Brooks P, Woolf A, Blyth F, March L, Bain C, et al. Assessing risk of bias in prevalence

studies: modification of an existing tool and evidence of interrater agreement. J Clin Epidemiol.

2012;65(9):934-9. [PubMed: 22742910]

Ahn SH, Park YN, Park JY, Chang HY, Lee JM, Shin JE, et al. Long-term clinical and histological

outcomes in patients with spontaneous hepatitis B surface antigen seroclearance. J Hepatol.

2005;42(2):188-94. [PubMed: 15664243]

Arai M, Togo S, Kanda T, Fujiwara K, Imazeki F, Yokosuka O. Quantification of hepatitis B

surface antigen can help predict spontaneous hepatitis B surface antigen seroclearance. Eur J

Gastroenterol Hepatol. 2012;24(4):414-8. [PubMed: 22273987]

Ari A, Calik S, Tosun S, Ozsu Yilmaz S. A persistently low HBV DNA level is a predictor of

spontaneous HBsAg clearance in patients with chronic hepatitis B. Turk J Med Sci. 2016;46(1):

48-52. [PubMed: 27511332]

Cao Z, Liu Y, MalL, LuJ,JinY, Ren S, et al. A potent hepatitis B surface antigen response in

subjects with inactive hepatitis B surface antigen carrier treated with pegylated-interferon alpha.

Hepatology. 2017;66(4):1058-66. [PubMed: 28407271]

Chan HL, Wong VW, Wong GL, Tse CH, Chan HY, Sung JJ. A longitudinal study on the natural

history of serum hepatitis B surface antigen changes in chronic hepatitis B. Hepatology.

2010;52(4):1232-41. [PubMed: 20648555]

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Page 11

Chen CL, Yang JY, Lin SF, Sun CA, Bai CH, You SL, et al. Slow decline of hepatitis B burden in
general population: Results from a population-based survey and longitudinal follow-up study in
Taiwan. J Hepatol. 2015;63(2):354-63. [PubMed: 25795588]

Chen QY, Wang XY, Harrison TJ, He X, Hu LP, Li KW, et al. HBsAg may reappear following
reactivation in individuals with spontaneous HBsAg seroclearance 8 years previously. Epidemiol
Infect. 2017;145(4):728-38. [PubMed: 27917751]

Chien TL, Wang JH, Kee KM, Chen CH, Hung CH, Lu SN. Factors Predicting HBsAg
Seroclearance and Alanine Transaminase Elevation in HBeAg-Negative Hepatitis B Virus-Infected
Patients with Persistently Normal Liver Function. PLoS One. 2016;11(12):e0166543.
Cunha-Silva M, Marinho FRT, Oliveira PF, Lopes TM, Seva-Pereira T, Lorena SLS, et al.
Retrospective analysis of hepatitis B virus chronic infection in 247 patients: clinical stages,
response to treatment and poor prognostic factors. Braz J Infect Dis. 2017;21(4):441-7. [PubMed:
28554002]

Da Silva LC, Madruga CL, Carrilho FJ, Pinho JR, Saez-Alquezar A, Santos C, et al. Spontaneous
hepatitis B surface antigen clearance in a long-term follow-up study of patients with chronic type
B hepatitis. Lack of correlation with hepatitis C and D virus superinfection. J Gastroenterol.
1996;31(5):696-701. [PubMed: 8887037]

de Franchis R, Meucci G, Vecchi M, Tatarella M, Colombo M, Del Ninno E, et al. The natural
history of asymptomatic hepatitis B surface antigen carriers. Ann Intern Med. 1993;118(3):191-4.
[PubMed: 8417636]

de Niet A, Jansen L, Stelma F, Willemse SB, Kuiken SD, Weijer S, et al. Peg-interferon plus
nucleotide analogue treatment versus no treatment in patients with chronic hepatitis B with a low
viral load: a randomised controlled, open-label trial. Lancet Gastroenterol Hepatol. 2017;2(8):576—
84. [PubMed: 28522204]

Dienstag JL, Schiff ER, Wright TL, Perrillo RP, Hann HW, Goodman Z, et al. Lamivudine as
initial treatment for chronic hepatitis B in the United States. N Engl J Med. 1999;341(17):1256—
63. [PubMed: 10528035]

Dragosics B, Ferenci P, Hitchman E, Denk H. Long-term follow-up study of asymptomatic
HBsAg-positive voluntary blood donors in Austria: a clinical and histologic evaluation of 242
cases. Hepatology. 1987;7(2):302—-6. [PubMed: 3557309]

Farzi H, Ebrahimi Daryani N, Mehrnoush L, Salimi S, Alavian SM. Prognostic values of
fluctuations in serum levels of alanine transaminase in inactive carrier state of HBV infection.
Hepat Mon. 2014;14(5):e17537.

Fattovich G, Giustina G, Sanchez-Tapias J, Quero C, Mas A, Olivotto PG, et al. Delayed clearance
of serum HBsAg in compensated cirrhosis B: relation to interferon alpha therapy and disease
prognosis. European Concerted Action on Viral Hepatitis (EUROHEP). Am J Gastroenterol.
1998;93(6):896—900. [PubMed: 9647014]

Fattovich G, Olivari N, Pasino M, D’Onofrio M, Martone E, Donato F. Long-term outcome of
chronic hepatitis B in Caucasian patients: mortality after 25 years. Gut. 2008;57(1):84-90.
[PubMed: 17715267]

Ferreira SC, Chacha SG, Souza FF, Teixeira AC, Santana RC, Villanova MG, et al. Factors
associated with spontaneous HBsA(g clearance in chronic hepatitis B patients followed at a
university hospital. Ann Hepatol. 2014;13(6):762-70. [PubMed: 25332262]

Furusyo N, Hayashi J, Sawayama Y, Kishihara Y, Kashiwagi S. Hepatitis B surface antigen
disappearance and hepatitis B surface antigen subtype: a prospective, long-term, follow-up study
of Japanese residents of Okinawa, Japan with chronic hepatitis B virus infection. Am J Trop Med
Hyg. 1999;60(4):616—22. [PubMed: 10348237]

Gigi E, Lalla T, Orphanou E, Sinakos E, Vrettou E, Raptopoulou-Gigi M. Long term follow-up of a
large cohort of inactive HBsAg (+)/ HBeAg (-)/ anti-HBe (+) carriers in Greece. J Gastrointestin
Liver Dis. 2007;16(1):19-22. [PubMed: 17410284]

Habersetzer F, Moenne-Loccoz R, Meyer N, Schvoerer E, Simo-Noumbissie P, Dritsas S, et al.

Loss of hepatitis B surface antigen in a real-life clinical cohort of patients with chronic hepatitis B
virus infection. Liver Int. 2015;35(1):130-9. [PubMed: 25145784]

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

Page 12

Han ZG, Qie ZH, Qiao WZ. HBsAg spontaneous seroclearance in a cohort of HBeAg-seronegative
patients with chronic hepatitis B virus infection. J Med Virol. 2016;88(1):79-85. [PubMed:
26111498]

Harkisoen S, Arends JE, van den Hoek A, van Erpecum KJ, Boland GJ, Hoepelman Al. Low
serum hyaluronic acid levels associated with spontaneous HBsAg clearance. Eur J Clin Microbiol
Infect Dis. 2015;34(11):2183-9. [PubMed: 26292936]

Hu 'Y, Feng Z, Liu J, Chen J, Zhang S, Zhou YH. Virological Determinants of Spontaneous
Postpartum e Antigen Seroconversion and Surface Antigen Seroclearance in Pregnant Women
Infected with Hepatitis B Virus. Arch Med Res. 2016;47(3):207-13. [PubMed: 27387022]

Huo TI, Wu JC, Lee PC, Chau GY, Lui WY, Tsay SH, et al. Sero-clearance of hepatitis B surface
antigen in chronic carriers does not necessarily imply a good prognosis. Hepatology. 1998;28(1):
231-6. [PubMed: 9657117]

Ichimura H, Tamura |, Tsubakio T, Kurimura O, Kurimura T. Influence of hepatitis delta virus
superinfection on the clearance of hepatitis B virus (HBV) markers in HBV carriers in Japan. J
Med Virol. 1988;26(1):49-55. [PubMed: 3183634]

Kato Y, Nakao K, Hamasaki K, Kato H, Nakata K, Kusumoto Y, et al. Spontaneous loss of
hepatitis B surface antigen in chronic carriers, based on a long-term follow-up study in Goto
Islands, Japan. J Gastroenterol. 2000;35(3):201-5. [PubMed: 10755689]

Kim JH, Lee JH, Park SJ, Bae MH, Kim JH, Kim DY, et al. Factors associated with natural
seroclearance of hepatitis B surface antigen and prognosis after seroclearance: a prospective
follow-up study. Hepatogastroenterology. 2008;55(82—83):578-81. [PubMed: 18613411]

Kobayashi M, Hosaka T, Suzuki F, Akuta N, Sezaki H, Suzuki Y, et al. Seroclearance rate of
hepatitis B surface antigen in 2,112 patients with chronic hepatitis in Japan during long-term
follow-up. J Gastroenterol. 2014;49(3):538-46. [PubMed: 23783839]

Kuo YH, Chang KC, Wang JH, Tsai PS, Hung SF, Hung CH, et al. Changing serum levels of
quantitative hepatitis B surface antigen and hepatitis B virus DNA in hepatitis B virus surface
antigen carriers: a follow-up study of an elderly cohort. Kaohsiung J Med Sci. 2015;31(2):102-7.
[PubMed: 25645989]

Lai CL, Chien RN, Leung NW, Chang TT, Guan R, Tai DI, et al. A one-year trial of lamivudine for
chronic hepatitis B. Asia Hepatitis Lamivudine Study Group. N Engl J Med. 1998;339(2):61-8.
[PubMed: 9654535]

Lauret E, Gonzalez-Dieguez ML, Rodriguez M, Gonzalez M, Melon S, Rodrigo L, et al. Long-
term outcome in Caucasian patients with chronic hepatitis B virus infection after HBSAg
seroclearance. Liver Int. 2015;35(1):140-7. [PubMed: 24393326]

Liaw YF, Lin DY, Chen TJ, Chu CM. Natural course after the development of cirrhosis in patients
with chronic type B hepatitis: a prospective study. Liver. 1989;9(4):235-41. [PubMed: 2770436]
Liaw YF, Lin SM, Chen TJ, Chien RN, Sheen IS, Chu CM. Beneficial effect of prednisolone
withdrawal followed by human lymphoblastoid interferon on the treatment of chronic type B
hepatitis in Asians: a randomized controlled trial. J Hepatol. 1994;20(2):175-80. [PubMed:
8006397]

Lin SM, Yu ML, Lee CM, Chien RN, Sheen IS, Chu CM, et al. Interferon therapy in HBeAg
positive chronic hepatitis reduces progression to cirrhosis and hepatocellular carcinoma. J Hepatol.
2007;46(1):45-52. [PubMed: 17107734]

Lindh G, Weiland O, Glaumann H. The application of a numerical scoring system for evaluating
the histological outcome in patients with chronic hepatitis B followed in long-term. Hepatology.
1988;8(1):98-103. [PubMed: 3338723]

Liu J, Yang HI, Lee MH, Lu SN, Jen CL, Wang LY, et al. Incidence and determinants of
spontaneous hepatitis B surface antigen seroclearance: a community-based follow-up study.
Gastroenterology. 2010;139(2):474-82. [PubMed: 20434450]

Lu ZH, Chen W, Ju ZC, Pei H, Yang XJ, Gu XB, et al. Pathological features and prognosis in
chronic hepatitis B virus carriers. J Int Med Res. 2011;39(1):71-7. [PubMed: 21672309]
Magalhaes MJ, Pedroto I. Hepatitis B Virus Inactive Carriers: Which Follow-up Strategy? GE Port
J Gastroenterol. 2015;22(2):47-51. [PubMed: 28868373]

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Page 13

Manno M, Camma C, Schepis F, Bassi F, Gelmini R, Giannini F, et al. Natural history of chronic
HBYV carriers in northern Italy: morbidity and mortality after 30 years. Gastroenterology.
2004;127(3):756-63. [PubMed: 15362032]

Martinot-Peignoux M, Boyer N, Colombat M, Akremi R, Pham BN, Ollivier S, et al. Serum
hepatitis B virus DNA levels and liver histology in inactive HBsAg carriers. J Hepatol. 2002;36(4):
543-6. [PubMed: 11943427]

Mazzella G, Saracco G, Festi D, Rosina F, Marchetto S, Jaboli F, et al. Long-term results with
interferon therapy in chronic type B hepatitis: a prospective randomized trial. Am J Gastroenterol.
1999;94(8):2246-50. [PubMed: 10445557]

Nam SW, Jung JJ, Bae SH, Choi JY, Yoon SK, Cho SH, et al. Clinical outcomes of delayed
clearance of serum HBSAG in patients with chronic HBV infection. Korean J Intern Med.
2007;22(2):73-6. [PubMed: 17616021]

Nguyen LH, Hoang J, Nguyen NH, Vu VD, Wang C, Trinh HN, et al. Ethnic differences in
incidence of hepatitis B surface antigen seroclearance in a real-life multicenter clinical cohort of
4737 patients with chronic hepatitis B infection. Aliment Pharmacol Ther. 2016;44(4):390-9.
[PubMed: 27363288]

Niederau C, Amani A, Thiel A. Long-term follow-up of HBsAg-positive patients in Germany. Eur
J Gastroenterol Hepatol. 2016;28(1):48-56. [PubMed: 26445381]

Niederau C, Heintges T, Lange S, Goldmann G, Niederau CM, Mohr L, et al. Long-term follow-up
of HBeAg-positive patients treated with interferon alfa for chronic hepatitis B. N Engl J Med.
1996;334(22):1422-7. [PubMed: 8618580]

Oliveri F, Surace L, Cavallone D, Colombatto P, Ricco G, Salvati N, et al. Long-term outcome of
inactive and active, low viraemic HBeAg-negative-hepatitis B virus infection: Benign course
towards HBsAg clearance. Liver Int. 2017;37(11):1622-31. [PubMed: 28296013]

Papatheodoridis GV, Manesis E, Hadziyannis SJ. The long-term outcome of interferon-alpha
treated and untreated patients with HBeAg-negative chronic hepatitis B. J Hepatol. 2001;34(2):
306-13. [PubMed: 11281561]

Perrillo RP, Regenstein FG, Peters MG, DeSchryver-Kecskemeti K, Bodicky CJ, Campbell CR, et
al. Prednisone withdrawal followed by recombinant alpha interferon in the treatment of chronic
type B hepatitis. A randomized, controlled trial. Ann Intern Med. 1988;109(2):95-100. [PubMed:
3289433]

Poustchi H, Ostovaneh MR, Abbasi A, Khoshnia M, Esmaili S, Mohamadkhani A, Shayanrad A,
Nikmahzar A, Besharat S, Keyvani H, Pourshams A, Merat S and Malekzadeh R Spontaneous
surface antigen loss in hepatitis b e antigen negative genotype d HBV infection. Gastroenterology.
2013;144(5):S-971.

Sarin SK, Guptan RC, Thakur V, Malhotra S, Malhotra V, Banerjee K, et al. Efficacy of low-dose
alpha interferon therapy in HBV-related chronic liver disease in Asian Indians: a randomized
controlled trial. J Hepatol. 1996;24(4):391-6. [PubMed: 8738724]

Sheen IS, Liaw YF, Lin DY, Chu CM. Role of hepatitis C and delta viruses in the termination of
chronic hepatitis B surface antigen carrier state: a multivariate analysis in a longitudinal follow-up
study. J Infect Dis. 1994;170(2):358-61. [PubMed: 7518488]

Tai DI, Tsay PK, Chen WT, Chu CM, Liaw YF. Relative roles of HBsAg seroclearance and
mortality in the decline of HBsAg prevalence with increasing age. Am J Gastroenterol.
2010;105(5):1102-9. [PubMed: 20197760]

Tong MJ, Trieu J. Hepatitis B inactive carriers: clinical course and outcomes. J Dig Dis.
2013;14(6):311-7. [PubMed: 23433008]

Tsai PS, Chang CJ, Chen KT, Chang KC, Hung SF, Wang JH, et al. Acquirement and
disappearance of HBsAg and anti-HCV in an aged population: a follow-up study in an endemic
township. Liver Int. 2011;31(7):971-9. [PubMed: 21054768]

Tseng TC, Liu CJ, Chen CL, Yang WT, Yang HC, Su TH, et al. Higher lifetime chance of
spontaneous surface antigen loss in hepatitis B carriers with genotype C infection. Aliment
Pharmacol Ther. 2015;41(10):949-60. [PubMed: 25809540]

Ungtrakul T, Sriprayoon T, Kusuman P, Chunnuan P, Soonklang K, Sornsamdang G, et al. Role of
quantitative hepatitis B surface antigen in predicting inactive carriers and HBsAg seroclearance in

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

9L

92.

93.

Page 14

HBeAg-negative chronic hepatitis B patients. Medicine (Baltimore). 2017;96(13):e6554.

[PubMed: 28353619]

Villeneuve JP, Desrochers M, Infante-Rivard C, Willems B, Raymond G, Bourcier M, et al. A long-
term follow-up study of asymptomatic hepatitis B surface antigen-positive carriers in Montreal.
Gastroenterology. 1994;106(4):1000-5. [PubMed: 8143967]

Viola LA, Barrison 1G, Coleman JC, Paradinas FJ, Fluker JL, Evans BA, et al. Natural history of
liver disease in chronic hepatitis B surface antigen carriers. Survey of 100 patients from Great
Britain. Lancet. 1981;2(8256):1156-9. [PubMed: 6118590]

Yalcin K, Acar M, Degertekin H. Specific hepatitis B vaccine therapy in inactive HBsAg carriers: a
randomized controlled trial. Infection. 2003;31(4):221-5. [PubMed: 14562945]

Yalcin K, Degertekin H, Kokoglu OF, Ayaz C. A three-month course of lamivudine therapy in
HBeAg-positive hepatitis B patients with normal aminotransferase levels. Turk J Gastroenterol.
2004;15(1):14-20. [PubMed: 15264116]

Zacharakis GH, Koskinas J, Kotsiou S, Papoutselis M, Tzara F, Vafeiadis N, et al. Natural history
of chronic HBV infection: a cohort study with up to 12 years follow-up in North Greece (part of
the Interreg I-11/EC-project). J Med Virol. 2005;77(2):173-9. [PubMed: 16121378]

Zhang SJ, Chen ZX, Jiang KP, Wu WK, Zhang CY, Gu YL. Effect of seasonal variation on the
clinical course of chronic hepatitis B. J Gastroenterol. 2006;41(11):1107-15. [PubMed: 17160522]
Chen YC, Liaw YF. Spontaneous HBsAg seroclearance confers excellent prognosis except in
patients with cirrhosis. Hepatology. 2004;40(2):501; author reply —2. [PubMed: 15368463]

Chen YC, Sheen IS, Chu CM, Liaw YF. Prognosis following spontaneous HBsAg seroclearance in
chronic hepatitis B patients with or without concurrent infection. Gastroenterology. 2002;123(4):
1084-9. [PubMed: 12360470]

Kim GA, Lim YS, An J, Lee D, Shim JH, Kim KM, et al. HBsAg seroclearance after nucleoside
analogue therapy in patients with chronic hepatitis B: clinical outcomes and durability. Gut.
2014;63(8):1325-32. [PubMed: 24162593]

Qiu K, Liu B, Li SY, Li H, Chen ZW, Luo AR, et al. Systematic review with meta-analysis:
combination treatment of regimens based on pegylated interferon for chronic hepatitis B focusing
on hepatitis B surface antigen clearance. Aliment Pharmacol Ther. 2018;47(10):1340-8. [PubMed:
29577360]

Chen YC, Chu CM, Liaw YF. Age-specific prognosis following spontaneous hepatitis B e antigen
seroconversion in chronic hepatitis B. Hepatology. 2010;51(2):435-44. [PubMed: 19918971]

Shimakawa Y, Lemoine M, Njai HF, Bottomley C, Ndow G, Goldin RD, et al. Natural history of
chronic HBV infection in West Africa: a longitudinal population-based study from The Gambia.
Gut. 2016;65(12):2007-16. [PubMed: 26185161]

Sunbul M Hepatitis B virus genotypes: global distribution and clinical importance. World J
Gastroenterol. 2014;20(18):5427-34. [PubMed: 24833873]

McMahon BJ, Holck P, Bulkow L, Snowball M. Serologic and clinical outcomes of 1536 Alaska
Natives chronically infected with hepatitis B virus. Ann Intern Med. 2001;135(9):759-68.
[PubMed: 11694101]

Lim TH, Gane E, Moyes C, Borman B, Cunningham C. Serological and clinical outcomes of
horizontally transmitted chronic hepatitis B infection in New Zealand Maori: results from a 28-
year follow-up study. Gut. 2015;64(6):966—72. [PubMed: 25006011]

Sanchez-Tapias JM, Costa J, Mas A, Bruguera M, Rodes J. Influence of hepatitis B virus genotype
on the long-term outcome of chronic hepatitis B in western patients. Gastroenterology.
2002;123(6):1848-56. [PubMed: 12454842]

Liu J, Lee MH, Batrla-Utermann R, Jen CL, lloeje UH, Lu SN, et al. A predictive scoring system
for the seroclearance of HBsAg in HBeAg-seronegative chronic hepatitis B patients with genotype
B or C infection. J Hepatol. 2013;58(5):853-60. [PubMed: 23246508]

World Health Organization. Global health sector strategies on viral hepatitis, 2016-2021. Geneva:
WHO; 2016.

Lancet Gastroenterol Hepatol. Author manuscript; available in PMC 2020 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zhou et al.

Page 15

Research in Contesssxt
Evidence before this study

Chronic hepatitis B (CHB) infection is a leading contributor worldwide to morbidity and
mortality from cirrhosis and hepatocellular carcinoma. Spontaneous loss of hepatitis B
surface antigen (HBsAg), also called functional cure, occurs late in the natural history of
the disease and portends a much better long-term prognosis. Previous to this review,
studies on spontaneous HBsAg loss have come from individual countries or regions and
have suggested differential rates of HBsAg loss in endemic and non-endemic regions.
However, cohort level factors such as hepatitis B e-antigen status, age, and definition of
HBsAg loss varied across these individual studies, and predictors of HBsAg loss arising
from these cohorts cannot be generalized across populations.

Added value of this study

This large and comprehensive pooled meta-analysis provides a baseline annual rate of
spontaneous HBsAg loss to support clinical trials with functional cure as primary
endpoint. We demonstrate that CHB endemicity does not impact rates. Our use of meta-
regression techniques contributes to our understanding of cohort level factors that may
influence estimates.

Implications of all the available evidence

HBsAg testing is indicated in HBeAg-negative patients with a long duration of inactive
disease. The low rate of HBsAg loss across geographic regions highlights need for novel
therapeutics aimed at increasing treatment pool and achieving functional cure.
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Figurel.
Study selection

1Subgroup studies were used in subgroup meta-analyses
2Randomized controlled trials excluded from meta-analyses to limit heterogeneity
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Figure2.

Pooled annual rate of HBsAg loss among all observational studies (n=55)

1 2 3 a
Annual rate of HBsAg loss (%)

Black diamonds represent point estimates of outcome for each study. Size of light gray box
is determined by the weight attributed to the study in our random-effects model. Black line
represents upper and lower bounds of 95% confidence intervals. Dotted red line marks point
estimate of pooled outcome.
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Figure 3.

Subgroup pooled meta-analysis of annual rate of HBsAg loss among HBeAg-negative

Annual rate of HBsAg loss (36)

(n=25), HBeAg-positive (n=5), and inactive carrier (n=8) cohorts
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Figure 4.
Pooled annual rate of HBsAg loss stratified by WHO region and endemicity
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