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Summary

In the past 10 years, there has been a lot of enthusiasm surrounding the use of serum hepatitis
B surface antigen (HBsAg) quantification to predict disease activity and monitor treatment
response in chronic hepatitis B. The measurement of HBsAg levels have been standardized
in IU/ml, and nowadays it is almost a mandatory measurement due to the development of
new antiviral treatments aiming at HBsAg seroclearance, i.e., functional cure of hepatitis B.
Recently, there has been an improved understanding of the molecular virology of HBsAg,
and particularly the relative roles of covalently closed circular DNA and integrated hepatitis
B virus (HBV) DNA. This has shed new light on the interpretation of HBsAg levels in different
phases of chronic hepatitis B. HBsAg level can assist the differentiation of immune tolerance
and immune clearance in hepatitis B e antigen (HBeAg)-positive patients, and it can predict
inactive disease and spontaneous HBsAg seroclearance in HBeAg-negative patients. The deter-
mination of HBsAg level is pivotal to individualize pegylated interferon (PegIFN) treatment; it
is the key investigation to decide early termination of PegIFN among non-responders. Among
patients treated by nucleos(t)ide analogues, responders tend to have dramatic reduction of
HBsAg to low levels, which may be followed by HBsAg seroclearance. With newer data on
combination treatment of PegIFN and nucleos(t)ide analogues as well as emerging new antivi-
ral agents, HBsAg quantification is expected to become increasingly important to monitor and
guide antiviral therapy for chronic hepatitis B.
� 2016 European Association for the Study of the Liver. Published by Elsevier B.V. All rights
reserved.

Introduction

In the last decade, there has been resurgence in

research interest in hepatitis B surface antigen

(HBsAg) quantification in the serum. The enthusi-

asm started with the observation that serum HBsAg

level could possibly reflect the amount and tran-

scriptional activity of covalently closed circular

(ccc) DNA inside the hepatocytes [1,2]. Numerous

studies on kinetics of serum HBsAg among

untreated patients at different stages of chronic

hepatitis B (CHB), and among patients treated by

pegylated interferon alfa (PegIFN) and nucleot(s)

ide analogues (NA) have been conducted in the

subsequent years. As highlighted in a 2011 report

published by a core group, in which the authors

of this review article were key members, there

were still a lot of unanswered questions that set

hurdles for generalized usage of serum HBsAg

quantification in clinical practice [3].

As new potential therapeutic targets of hepati-

tis B virus (HBV) have been identified in recent

years, HBsAg seroclearance is now considered as

the goal for functional cure of CHB [4]. As a result,

serum HBsAg kinetics has become almost a routine

test in clinical studies of new HBV therapeutics. In

recent years, there have also been new insights

from studies carried out in different parts of the

world. These have further explored molecular

virology and the clinical use of serum HBsAg levels

to monitor natural disease progression and to pre-

dict treatment response in CHB. In view of the

new information now available, and increased

medical need, this review article aims to update

clinicians on the indications and limitations con-

cerning the use of serum HBsAg quantification in

clinical practice and to highlight the remaining

unanswered issues for future research. The sugges-

tions are based on evidence from the published lit-

erature where possible, and on the experience and

expert opinion of the authors where data is

lacking.

Key point

HBsAg quantification is

increasingly being used in

clinical and research with

HBV DNA and other viral

tests.
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Molecular virology of HBsAg

Virology of HBsAg production

The HBV encodes the three proteins of the HBsAg,

which form the viral envelope, small (SHBsAg),

middle (MHBsAg) and large (LHBsAg) (Fig. 1) [5].

These proteins are translated from two HBV sub-

genomic mRNA transcripts, the preS1 mRNA and

the preS2/S mRNA, in the endoplasmic reticulum

(ER). HBV genomic replication occurs via reverse

transcription of the pregenomic RNA (pgRNA), a

greater than genome length transcript in the cyto-

sol, thus the HBsAg ER-secretory pathway and the

viral DNA replication pathway can be viewed as

distinct but cross-regulated processes within the

infected hepatocyte [6] (see Fig. 2). All three envel-

ope proteins have a glycosylated form responsible

for the secretion of viral particles. A common N-

glycosylation site at residue asparagine sN146 is

situated in loop 2 of the ‘‘a” determinant within

the common S domain. The M protein also displays

a N-glycosylation site at mN4 in the preS2 domain;

this residue is not modified in the L protein

(Fig. 1B). The virion contains a majority of S pro-

teins and an equal amount of M and L proteins,

which represent approximately one third of the

viral envelope (Fig. 1C). An excess of S protein over

the M and L protein is necessary for envelopment

and secretion of all types of HBsAg particles [7].

The S protein exposes a low affinity-binding site

for heparan sulphate proteoglycan (HSPG) which is

required for infectivity (see Fig. 2). The L protein

with the preS1 domain facilitates the envelopment

of the core particles and includes the high affinity

attachment site of HBV, the sodium taurocholate

co-transporting polypeptide (NTCP) [8]. The M pro-

tein is non-essential for infection and morphogene-

sis but is conserved among other hepadnaviruses

and binds polymerised human serum albumen [9].

The surface proteins also assemble to generate

non-infectious excess sub-viral particles (SVP),

approximately 22 nm in diameter with either a

spherical or a long filamentous form (Fig. 1C). The

SVPs can be found in great excess over virions (over

100,000 fold) in the serum of persons chronically

infected with HBV (1013/ml), whereas the filamen-

tous particles are less numerous (up to 1011/ml).

These SVPs predominantly contain the S protein,

with the spherical particles containing mainly S

and M whereas filaments mainly contain a majority

of S proteins with equal amounts of M and L pro-

teins. The spherical SVPs follow the Golgi pathway

for secretion whereas the filaments and virions fol-

low section via multi-vesicular bodies and the endo-

somal sorting complexes required for transport
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Fig. 1. The HBV encodes the three proteins of the HBsAg, which form the viral envelope from two HBV sub-genomic mRNA transcripts, the preS1 mRNA and the

preS2/S mRNA. (A) The open reading frames (ORF) of the HBV genome. (A and D) The overlapping relationship between the envelope ORF and the HBV polymerase ORF is

highlighted. (B) Post translational modification of preS1, preS2 and S. Symbols: r myristylation; w glycosylation. (C) The arrangement of L, M and S into virions and sub-

viral particles.
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(ESCRT) complex. The role of the SVPs in the patho-

genesis of CHB is still unclear; they may act as

immunological decoys for the host immune system

by blocking neutralising antibodies to HBsAg (anti-

HBs), thereby promoting virus spread and persis-

tence in the infected host [7].

Role of episomal integrated HBV DNA

Productive replication of HBV, a DNA virus that

replicates via reverse transcription, is driven from

its transcriptional template, the cccDNA, which is

found in the nucleus as a viral minichromosome

[10,11]. Transcription from this minichromosome

generates all the mRNAs needed for HBV replica-

tion including SVP production. HBsAg may also be

produced from HBV DNA integrated into the host

genome (Fig. 2). Although viral integration is not

required for normal productive replication, integra-

tion of HBV DNA occurs illegitimately through

recombination mechanisms using host enzymes act-

ing on the double-stranded linear (DSL) DNA form of

HBV [12]. The DSL DNA replicative intermediate is

generated as a consequence of the failure to translo-

cate the RNA primer needed to prime plus-stranded

DNA synthesis of the HBV genome [13]. The DR-1/

DR-2 regions of the viral genome are preferential

sites for integration [14], but integrated sequences

cannot provide a template for productive viral repli-

cation since the complete genome is not present.

However, the open reading frame (ORF) of the S

gene with its regulatory elements are often still pre-

sent in integrated sequences, are intact and so,

HBsAg can be produced. Thus, two sources of HBsAg

can be identified: cccDNA derived and integrated

DNA derived (Fig. 2). This has significance, not only

in defining cure end-points such as functional or

complete [15] but also in attempting to correlate
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the ‘a’ determinant to the HSPG receptor.
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HBsAg levels in serum to particular replicative

markers in the liver.

Differences in HBeAg-positive and HBeAg-negative

infection

In CHB, viral integration seems to occur early in

infection, but at very low levels during the

HBeAg-positive phase of the disease. Recent studies

in chronically infected chimpanzees have demon-

strated that there is a dramatic increase in the

number of integration events in animals in the

HBeAg-negative phase compared to the HBeAg-

positive phase [16], so much so that >90% of the

mRNA in livers of HBeAg-negative chimpanzees

was derived from integrated HBV sequences, with

only 10% derived from the HBV minichromosome

[16]. This data would seem to add another layer

of challenge to achieving a complete cure for CHB,

but does account for the lack of correlation

between HBsAg levels in the serum and intrahep-

atic cccDNA levels in patients with HBeAg-

negative CHB [17–19]. Interestingly, a positive cor-

relation has been noted between HBsAg titres and

serum HBV DNA, and liver cccDNA in most studies

of HBeAg-positive patients [18].

Antiviral drug resistance and HBsAg quantification

The genome of the HBV is a circular double-

stranded DNA with four overlapping but frame

shifted ORF (Fig. 1A). The envelope ORF completely

overlaps the polymerase gene, with the result that

point mutations in the polymerase ORF selected

by nucleos(t)ide analogue (NA) therapy may result

in important changes, including stop codons, in the

envelope protein (Fig. 1D). The substitution

rtA181T and rtM204I associated with NA resistance

and multi-drug resistance, results in stop codons

sW172⁄ and sW196⁄ in the overlapping S-ORF,

respectively [20]. Such stop codons do result in

reduced secretion of HBsAg, and also intracellular

retention with increased risk of cellular transfor-

mation [21].

Technology of HBsAg quantification

The first report on standardized HBsAg quantifica-

tion in weight units per volume was more than

40 years ago [22]. During recent years a number

of quantitative assays for HBsAg have now been

developed fulfilling the prerequisites of a biomar-

ker: reproducibility, automated quantification,

and a relatively low cost and standardization using

IU/ml. It is important to appreciate that these

assays detect all three forms of circulating HBsAg

synthesized from the viral minichromosome

(HBV, spherical and filamentous SVP) as well as

from integrated HBV DNA. Antibodies used in these

enzyme immunoassays target particular conserved

epitopes in the S protein usually within the ‘‘a”

determinant, and so are not capable of distinguish-

ing between the different HBsAg proteins or where

they come from. There are at least three commer-

cialized assays that can quantitate HBsAg, the Archi-

tect QT assay (Abbott Laboratories), the Elecsys

HBsAg II Quant assay (Roche Diagnostic) and Dia-

Sorin Liaison XL. All three assays have been exten-

sively evaluated and closely correlate with each

other [23–25]. The dynamic range of the Architect

assay is from 0.05 to 250 IU/ml, for the Elecsys II

assay the range is 0.05 to 130 IU/ml, while the Liai-

son XL quantitation range is set from 0.03 to 150 IU/

ml [23]; all three systems have automatic on board

dilution, typically 1:400, thereby increasing the

upper limit of detection to over 50,000 IU/ml.

Importantly, several factors may influence the

results of HBsAg quantification. For example, HBsAg

quantitation may become inaccurate or misleading

if HBsAg escape mutants are predominant [26]. In

addition, HBsAg is quite often partially masked in

immune complexes, which could influence the

results [27].

As mentioned above, the current commercially

available quantitative HBsAg assays are unable to

differentiate between the three HBs protein sub-

types. Some studies are underway to analyze if

quantification of the HBs proteins are useful as

biomarkers and whether they can provide any infor-

mation beyond that provided by a commercial

HBsAg assay. So far these assays are based on in-

house quantitative enzyme-linked immunosorbent

assay or Western blot analysis using monoclonal

antibodies directed against the S domain (to deter-

mine total HBs protein levels), the preS1 domain

(to determine HBV large surface protein (LHBs) pro-

tein levels) and the N-glycosylated preS2 domain (to

determine HBV middle surface protein (MHBs) pro-

tein levels) [28].

Natural history of HBV infection

HBsAg production, that follows cellular pathways

distinct from viral replication, depends, at least in

part, on constitutive viral features, such as genotype

and quasispecies [29–33]. Accordingly, in vitro

HBsAg production differs among HBV genotypes

and in vivo HBsAg serum levels are higher in geno-

type A (A2 and A1) than genotype B, C and D

infected individuals [30–32]. In addition, it was

shown that preS/S mutants may impact on HBsAg

production as they are negatively correlated with

HBsAg serum levels [33]. Finally, both quantitative

and qualitative production of HBsAg are modulated

by the interplay between virus and host immune

response and HBsAg serum levels are inversely cor-

related with the immune control of HBV: the higher

control, the lower HBsAg [34,35]. Therefore, only the

combined quantification of HBsAg and HBV DNA can

contribute to pinpoint more accurately the single

HBV carrier within the highly dynamic phases of
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chronic HBV infection, provided that all variables

interfering with HBsAg production are carefully

considered.

Acute HBV infection

In contrast to chronic HBV infection, HBsAg dynam-

ics seem to be strongly correlated with the decrease

of HBV DNA in the acute phase of HBV infection

[34]. Thus, HBsAg quantification is also useful to

monitor and predict the outcome of acute hepatitis

B as already in reported in the 1970s [36].

HBeAg-positive carriers

HBsAg serum levels are higher in the high replica-

tive non-inflammatory (formerly immune-

tolerant) than in the immune clearance phase

(4.5–5 vs. 3.7–4.3 log10 IU/ml) [34,35]. High, stable

HBsAg (�5 log10 IU/ml) and HBV DNA (>8 log10 IU/

ml) serum levels were shown to hallmark the

immune-tolerant phase in HBeAg-positive Asian

carriers [37]. Accordingly, HBsAg serum levels

P25,000 IU/ml and normal ALT (62 x ULN) showed

86.4% sensitivity, 75% specificity and 92.7% positive

predictive value (PPV) to predict low fibrosis (6F1)

in 140 Chinese HBeAg-positive carriers [38]. A

French study, including all HBV genotypes, con-

firmed that HBsAg is significantly higher in F0-F1

than F2-F4 patients (4.63 ± 0.58 vs. 3.84 ± 1.01

log10 IU/ml, p <0.001) and proposed a 3.85 log10
IU/ml threshold to identify moderate-severe

fibrosis (100%-sensitivity, 86%-specificity and

100%-negative predictive value (NPV)) in genotype

B and C patients [39]. Similar results were obtained

in 197 Chinese patients [40], whereas a higher

threshold was suggested by a preliminary report

in genotype A/D patients [41].

HBsAg does not predict spontaneous HBeAg

seroconversion and thereafter its decline is very

slow in most of the cases [37,42]. Long-term

follow-up studies of HBsAg kinetics are missing,

particularly in patients progressing to HBeAg-

negative CHB and carriers with transition to low

viremic/inactive infection. Therefore, at present, in

the early phase of HBeAg seroconversion, HBsAg

serum levels do not help to distinguish inactive car-

riers from CHB patients, with the exception of the

carriers whose HBsAg levels drop to <1000 IU/ml

within 1-year from HBeAg seroconversion in whom

the chance of HBsAg clearance within 6 years is

high [43,44].

HBeAg-negative carriers

The spectrum of clinical conditions associated with

HBeAg-negative phase is wide, ranging from

benign, non-progressive inactive infection to CHB

with high risk of cirrhosis and hepatocellular carci-

noma (HCC). Therefore, the early identification and

treatment of CHB is a major clinical challenge, how-

ever, HBeAg-negative CHB may present major fluc-

tuations of both serum HBV DNA and ALT with

temporary remissions that mimic inactive HBV

infection [45]. The evidence that HBsAg serum levels

are significantly lower in inactive carriers (IC) than

CHB patients [34,35] prompted studies to investi-

gate the role of HBsAg quantification. Independent

from the heterogeneous cohorts, a common finding

was that serum HBsAg levels contributes to a better

diagnostic and prognostic definition of low viremic

carriers. In genotype D inactive infection (HBV

DNA persistently 62000 IU/ml at 1-year monthly

follow-up), baseline HBsAg levels were significantly

lower than in CHB patients; the combined single-

point quantification of HBsAg (<1000 IU/ml) and

HBV DNA (62000 IU/ml) showed 94.3% diagnostic

accuracy and 87.9% PPV in the identification of inac-

tive carrier [46]. By using the same thresholds in

HBeAg-negative, genotype B and C infected carriers

of the REVEAL-cohort the diagnostic accuracy was

78% and the PPV 83% [47]. In addition, the overall

REVEAL-cohort baseline serum HBsAg levels were

significantly associated with the cumulative risk

for disease progression (4.8, 8.8 and 16.2% for cir-

rhosis, 1.4, 4.5 and 9.2% for HCC with HBsAg <100,

100–999 and P1000 IU/ml, respectively). However,

after stratification for HBeAg and viral load, the find-

ings hold true only for HBeAg-negative carriers with

HBV DNA <106 log copies/ml [48]. In addition, the

study of 1068 HBeAg-negative patients with

baseline-HBV DNA <2000 IU/ml showed a yearly

incidence of HBeAg-negative-CHB of 2%, that was

reduced to 1.1% in those with HBsAg <1000 IU/ml

and normal ALT [49]. These carriers showed also sig-

nificantly lower progression rates to cirrhosis and

HCC as compared to those with HBsAg P1000 IU/

ml [HCC HR:13 (95% CI 4.6–37, p <0.001)] [50]. In

absence of a tight follow-up a stringent (98% speci-

ficity, 97% PPV) inactive carrier prediction can be

achieved by combining HBsAg <100 IU/ml to HBV

DNA <2000 IU/ml, but sensitivity decreases signifi-

cantly (35%) [51]. In fact, very low serum HBsAg

levels (<100 IU/ml) identify those IC with a high

probability of spontaneous HBsAg clearance [51–

54].

A significant correlation between serum HBsAg

and fibrosis was not reported in HBeAg-negative

patients [39], however several studies showed a

trend for lower HBsAg levels in cirrhotics. This is

possibly because of a viral quasispecies with preva-

lent preS/S variants (selected during the long lasting

immuno-elimination phase) [33,46,55]. In conclu-

sion, HBsAg serum levels are useful to optimize

the management of the HBsAg carriers provided that

they are combined with a careful evaluation of the

virologic and clinical settings: the lower the best

in low viral replication, but the lower the worst in

long lasting florid replication. Thus, HBsAg serum

levels contribute to better define the ‘‘virologic

phase of the infection” without providing direct

information on liver disease, that has to be staged
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by serum biochemistry and liver imaging. Dis-

crepant findings (i.e., a virologic profile of inactive

carrier, but elevated liver stiffness values) should

prompt further investigation to rule out either an

intermittent viral replication responsible for CHB

or a liver disease of other etiology.

Pegylated interferon alfa therapy

Several studies have shown that the change of

serum HBsAg levels during PegIFN therapy mimics

the change of both intrahepatic cccDNA and intra-

hepatic HBsAg, suggesting that a decline in serum

HBsAg levels is associated with the induction of

an effective anti-HBV immune response [2,56–58].

Therefore, HBsAg levels are a valuable tool for the

monitoring of patients treated with PegIFN.

HBeAg-positive patients

Several studies have shown that PegIFN induced a

pronounced decline in serum HBsAg level that

was sustained during off-treatment follow-up

[59,60]. The degree of HBsAg decline is associated

with an active pre-existing immune response as

reflected by elevated serum ALT levels and elevated

levels of IFN gamma inducible protein-10 (IP-10,

CXCL-10) [61], with presence of only wild-type

HBV before initiation of PegIFN [62], and with the

infecting HBV genotype. Patients with genotype A

achieved the most pronounced HBsAg decline and

patients with HBV genotype D the least [63].

Since serum HBsAg decline during PegIFN ther-

apy is largely confined to patients who achieve a

response, monitoring of HBsAg levels help distin-

guish patients likely to achieve a response from

those who will not. In European patients predomi-

nantly infected with HBV genotype A or D, failure

to achieve a decline of HBsAg levels by week 12

of PegIFN therapy was associated with a very low

chance of response (<5%), and nullified the proba-

bility of HBsAg clearance through long-term

follow-up [63]. In an Asian study low HBsAg levels

(<1,500 IU/ml) at week 12 or 24 of therapy have an

increased likelihood of HBeAg seroconversion,

whereas patients with levels >20,000 IU/ml at week

24 have a very limited probability of treatment suc-

cess [60]. These findings were subsequently con-

firmed in other Asian studies [64,65].

A recent meta-analysis confirmed the excellent

predictive performance of HBsAg levels for the pre-

diction of response to PegIFN in HBeAg-positive

CHB. However, the influence of HBV genotype is

present, and HBV genotype specific stopping rules

may therefore need to be applied at week 12 of

therapy. For patients infected with HBV genotype

A or D treatment discontinuation should be consid-

ered if there is no decline of HBsAg by week 12,

whereas response is extremely unlikely if HBsAg

levels are >20,000 IU/ml in a patient with HBV

genotype B or C [31]. At week 24, PegIFN discontin-

uation is indicated in all patients with an HBsAg

level >20,000 IU/ml, regardless of HBV genotype.

Next to its application in stopping rules, HBsAg

levels may also be applied for the identification of

patients with a very high chance of response. Across

all the major genotypes, a low HBsAg level

(61,500 IU/ml) at week 12 or 24 is associated with

a higher (>50%) chance of success.

HBeAg-negative patients

In contrast with HBeAg-positive disease, many

HBeAg-negative patients achieve undetectable HBV

DNA during therapy, but relapse after the discontin-

uation of PegIFN [66–68]. The use of HBsAg levels is

therefore especially appealing in this population,

because HBsAg levels are the only quantifiable mar-

ker in patients achieving on-treatment HBV DNA

suppression [69,70].

In accordance with HBeAg-positives, those

HBeAg-negative patients who achieve a pronounced

decline in HBsAg levels during treatment more often

achieve a sustained response [69–71]. Rijckborst

et al. performed a post hoc analysis of a randomized

trial that included PegIFN treated patients, of whom

85% was infected with HBV genotype D. They

showed that not only HBsAg levels, but also HBV

DNA levels are important in the prediction of

response. When combining both serum markers,

the prediction of treatment failure could be

improved considerably when compared to either

marker alone. It was shown that when patients

failed to achieve an HBsAg decline by week 12,

and also failed to achieve a decline of >2 log IU/ml

of HBV DNA, they had no chance of achieving a sus-

tained response (HBV DNA <2000 IU/ml and normal

ALT at 6 months post-treatment). With this so-

called PARC stopping rule, a NPV of 100% was

achieved, and it was shown that 20% of patients

could be stopped at week 12 using this rule [70].

The findings from the original study were subse-

quently validated in two large independent trials,

in which patients were treated for either 48 or

96 weeks with PegIFN [72,73]. The validation cohort

enrolled only few non-D genotype patients, but an

NPV of 95% was observed among this subset [72].

Despite the excellent performance of the PARC stop-

ping rule in both the original and validation studies,

it should be appreciated that only few non-D geno-

type patients have so far been analyzed. As in

HBeAg-positives, it has been shown that early on-

treatment HBsAg kinetics differ among HBV geno-

types [32]. These results may have implications for

the use of the current prediction rules, as they raise

the question whether prediction rules should be

HBV genotype specific, especially with regard to

patients infected with HBV genotypes A or C.

Given the high rate of post-treatment relapse

despite undetectable HBV DNA at the end of PegIFN

therapy, the relationship between end of treatment

Key point

HBsAg level is the key on-

treatment serum marker to

determine stopping rules

for poor responders to pegy-

lated interferon therapy.
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HBsAg levels and sustained response has been

assessed. HBsAg levels <10 IU/ml at the end of

PegIFN treatment had a 52% probability of HBsAg

clearance during long-term follow-up [69]. In addi-

tion to these findings, it was shown that for long-

term virologic response at 5 years post-treatment,

high PPVs could be obtained by using HBV geno-

type specific end of treatment HBsAg level cut-

offs. Using these end of treatment HBsAg levels

for HBV genotype A (<400 IU/ml), B (<50 IU/ml), C

(<75 IU/ml) and D (<1000 IU/ml) showed to achieve

PPVs of 75%, 47%, 71% and 75%, for long-term viro-

logic response, respectively [32].

Therapy with nucleos(t)ide analogues

The aim of NA treatment is maintained viral sup-

pression during treatment [66]. The optimal end-

point and the only situation where NA treatment

can be safely discontinued is HBsAg loss, which is

a rare event [74]. In HBeAg-positive patients, dis-

continuation of NA treatment 12 months after

HBeAg seroconversion can be recommended [66]

but relapse is not infrequently observed [75].

HBsAg levels may help to predict who may achieve

HBsAg loss in the long-term and HBsAg may also be

an interesting marker to predict HBV rebound after

stopping NA treatment.

General trend of HBsAg decline during nucleos(t)ide

analogue therapy

HBsAg decline during NA therapy is much slower

and less pronounced compared to PegIFN treat-

ment, although NA are much more potent on HBV

DNA suppression [69,76,77]. NAs inhibit only the

reverse transcription of the pgRNA but do not tar-

get the cccDNA directly. Thus, changes at transcrip-

tional levels, particularly in the HBsAg secretory

pathway, are not expected. On the other hand,

IFN has both direct antiviral and immune mediated

effects. It is likely that the immune modulation by

IFN leads to a more dramatic decline in HBsAg pro-

duction and secretion. Based on HBsAg kinetics,

some authors estimated that the median time to

HBsAg loss in NA treated patients could be far more

than 30 years [78,79]. The rate of HBsAg decline is

higher in HBeAg-positive patients vs. HBeAg-

negative patients [79–81]. The faster decline in

HBeAg-positive patients, especially in the first year

of NA therapy [80,82], may be explained by the NA

effect on HBV DNA containing virions. In addition,

HBeAg-negative patients may have higher amounts

of integrated HBV DNA, which can still lead to

HBsAg production, as discussed above. Although

HBsAg decline is very slow, there are individual dif-

ferences [83]. Stronger HBsAg decline during NA

therapy was associated with higher pre-treatment

ALT [79] or IP-10 (CXCL-10) level [83,84] confirm-

ing that immune responses are required for HBsAg

decline and HBV clearance. So far there is no evi-

dence that different NA or even combinations of

NA have different effects on HBsAg kinetics

[81,83]. It may be more likely that inter-current

events such as infections which may induce cytoki-

nes leading to HBsAg decline. Just recently, it has

been shown that IFN gamma or tumor necrosis fac-

tor alfa can reduce cccDNA without cytolysis [85].

HBeAg-positive patients

In HBeAg-positive patients it would be interesting if

HBsAg level could predict HBsAg loss or sustained

immune control after HBeAg seroconversion. Wurs-

thorn et al. showed that a rapid HBsAg decline of

more than 1 log after 1 year of treatment with tel-

bivudine was predictive for HBsAg loss [86]. Sup-

porting the aforementioned hypothesis, HBsAg

decline was associated with markedly enhanced

antiviral T cell reactivity. Similar data have been

documented in patients treated with tenofovir or

entecavir. In patients treated with tenofovir, a

reduction in HBsAg level of at least 1 log by week

12 or 24 were predictive for HBsAg loss with a pos-

itive predictive value of up to 45% and a NPV of up to

97% [87]. It appears that HBeAg-positive patients

with stronger HBsAg decline are more likely to

achieve HBeAg seroconversion [81,88] but this was

not observed in all studies [89,90]. There is less data

if HBsAg level can predict off-treatment response

after HBeAg seroconversion. For example, in a small

study with 11 HBeAg-positive patients who were

treated with telbivudine for 2 years, HBsAg

<100 IU/ml at the end of treatment predicted for

sustained response (defined as undetectable HBV

DNA, normal ALT and HBeAg seroconversion) for

2 years after stopping treatment [91].

HBeAg-negative patients

The predictive value of HBsAg levels and interpreta-

tion of HBsAg kinetics is more difficult in HBeAg-

negative patients [88,92]. HBsAg negative patients

may have higher amounts of integrated HBV DNA,

which can be a source of HBsAg as discussed above.

Thus, the relative effect of NA on the replenishment

of cccDNA is lower. In addition, non-cytolytic

immune responses may have effect on cccDNA

degradation [85] but not on the cell and integrated

DNA. Thus, HBeAg-negative patients may have dif-

ferent HBsAg kinetics to cytokines (i.e., IFN treat-

ment) or non-cytolytic immune responses during

the natural course of HBV infection or NA therapy

compared with HBeAg-positive patients.

Another important fact for the interpretation of

HBsAg levels is that some HBeAg-negative patients

with early HBsAg decline during NA therapy might

have just changed the phase of HBV infection (i.e.,

transition from immune clearance phase to HBeAg-

negative hepatitis) [83], which is associated with

lower HBsAg levels [34,35]. Thus, it may represent
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an already ongoing natural HBsAg decline in some

patients.

HBsAg levels in HBeAg-negative patients may

be useful for the decision if treatment cessation is

an option. Because of the aforementioned long-

term treatment with NAs, efforts have been made

to identify possible stop points for NA treatment.

Hadziyannis et al. showed in HBeAg-negative infec-

tion with normalized ALT and suppressed HBV DNA

after treatment with adefovir for 4–5 years, the

withdrawal of antiviral therapy led to a sustained

off-treatment HBV DNA suppression in 55% of

patients and even subsequent HBsAg loss in 39%.

Lower HBsAg levels at end of treatment were pre-

dictive for later HBsAg loss [93]. Again, this sup-

ports the idea that immune responses are

important for the long-term control of HBV infec-

tion. A systematic review of several studies, most

retrospective suggest that some patients with

decreasing HBsAg levels or lower HBsAg levels

(<100 IU/ml) are able to maintain control of HBV

after discontinuation of long-term NA therapy

[94]. In addition, a consolidation therapy of

>3 years before stopping NA seem to be important

as well [94]. However, stopping NA might be more

complex than anticipated. Some studies suggest

that HBV DNA rebounds shortly after NA cessation

in most cases [93,95]. This may induce ALT flares

[93,95] indicating immune responses, which may

be the key for subsequent immune control and

HBsAg loss [96]. Therefore, stopping NA is not at

all recommended in patients with cirrhosis.

Combination therapy of pegylated interferon

alfa and nucleos(t)ide analogues

Since PegIFN and NA control HBV by different

mechanisms, it is logical to try combining the two

for better efficacy [97]. Although the combination

of PegIFN plus lamivudine failed to improve sus-

tained virological response over PegIFN alone [98–

102], a recent multicenter trial (study 149) showed

that HBsAg seroclearance could be achieved in 9.1%

of patients receiving a combination of PegIFN and

tenofovir for 48 weeks, compared to 2.8% of those

receiving PegIFN monotherapy and none of those

receiving tenofovir [92].

The target of combination treatment is off-

treatment sustained response and/or HBsAg sero-

clearance. The predictive value of HBsAg in patients

receiving PegIFN and lamivudine is similar to that

in patients on PegIFN monotherapy as both treat-

ments result in similar degree of sustained

response [2,59]. In the study 149 described above

[103], on-treatment HBsAg level could also predict

HBsAg seroclearance in patients receiving PegIFN

and tenofovir for 48 weeks [104]. Patients with a

1 log decline or HBsAg <100 IU/ml at week 12 had

43% and 50% chance of losing HBsAg at week 72,

respectively; the corresponding NPVs were 97%

and 95%, respectively. Patients failing to meet these

criteria may stop PegIFN and continue tenofovir.

Likewise, HBsAg appears useful in patients

switching from NA to PegIFN. In HBeAg-positive

patients switching from entecavir to PegIFN for

48 weeks in the OSST trial, HBsAg seroclearance

occurred in 20% of those with baseline HBsAg

<1500 IU/ml and 2% of those P1500 IU/ml [105].

HBsAg at week 12 of PegIFN treatment also pre-

dicted HBsAg seroclearance (78% if <200 IU/ml vs.

1% if P200 IU/ml). The high NPV of HBsAg level

has been validated in the year 1 analysis of the

NEW SWITCH study, which tested the use of PegIFN

for 48 or 96 weeks in patients achieving HBeAg loss

with NA [106]. In other words, patients with high

HBsAg while on NA treatment should not switch to

PegIFN, and on-treatment HBsAg level can serve as

a stopping rule. It should be highlighted that the

prediction rules were only based on on-treatment

or end of treatment HBsAg seroclearance data. In

the OSST trial, only a subset of PegIFN-treated

patients underwent post-treatment follow-up for

1 year [107]. Although the rate of HBeAg serocon-

version continued to rise, 1 of 7 patients with HBsAg

seroclearance relapsed. The robustness of baseline

and on-treatment HBsAg level to predict long-term

virological response warrants further study.

Co-infections

HBV/HCV

The virological patterns in HBV/HCV co-infection are

widely divergent and have dynamic profiles. In most

cases HCV is the dominating virus [108]. One study

suggest that HBsAg levels are lower in HBV/HCV

patients with HCV dominance compared to active

HBV monoinfection and comparable to low replica-

tive HBsAg carriers [109]. Higher IP-10 (CXCL-10)

levels in HCV dominant patients might help to

explain why HCV suppresses HBV replication and

also HBsAg production [109]. This may be relevant

because treatment induced elimination of HCV can

lead to rebound of HBV replication in some patients

[110,111]. Further studies need to evaluate if HBsAg

levels can predict the risk of HBV reactivation after

HCV clearance.

HBV/HIV

The situation in HBV/HIV co-infected patients is dif-

ferent to HBV/HCV. Patients with HIV/HBV co-

infection appear to have higher HBsAg levels com-

pared with HBV monoinfected patients [112]. HBsAg

levels seem to correlate negatively with the CD4+ T

cell count, reflecting the importance of immune

responses for the control of HBV and the level of

HBsAg [112]. Some studies evaluated HBsAg kinetics

during tenofovir based antiretroviral therapy (ART)

and showed that similarly to HBV monoinfection,
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HBsAg decline is slow [113,114] and HBeAg-

positive patients experience stronger HBsAg

decrease compared to HBeAg-negative patients

[113]. HBsAg decline, which was predictive for

HBsAg seroclearance correlated with an increased

CD4+ T cell count, underlining the importance of

immune restoration for HBV clearance [113,115].

Low pre-treatment HBsAg levels are also predictive

for HBsAg seroclearance [114], especially in HBeAg-

negative patients [116]. The lower baseline HBsAg

may reflect the better immune status as mentioned

above.

HBV/HDV

Hepatitis delta virus (HDV) infection only occurs as

HBV co-infection or superinfection to an already

existing HBV infection because HDV requires the

HBsAg for entry, envelopment and secretion and

consequently complete replication and transmis-

sion [117]. In most cases HDV suppresses HBV

replication [118,119]. However, HBsAg levels

appear to be higher or at least similar in HDV co-

infected patients despite lower levels of HBV

DNA. [118,119]. As of now, only IFN or PegIFN

treatment has proved to achieve a virological

response in HDV patients with sustained HDV

RNA clearance in about 25% of patients [120]. How-

ever, late relapse can occur during longer follow-up

of up to five years [121]. Thus, HBsAg loss is the

most important goal for HDV infection [66]. For

current treatment of the HBV/HDV co-infection

with PegIFN, usually HDV RNA is monitored. So

far there is no good positive or NPV to individualize

treatment duration. The role of HBsAg in hepatitis

delta infection remains yet to be determined. Mon-

itoring of HBsAg levels in addition to HDV RNA in

patients with chronic delta hepatitis may provide

more insight during treatment and may help to

guide therapy [122], i.e., to prolong treatment until

HBsAg loss in those who show a decrease during

treatment [123]. However, so far no stopping rules

have been established.

Possible roles in future therapy

The ultimate goal for patient management should

be to achieve ‘‘hepatitis B cure” after a finite dura-

tion of treatment; since a ‘‘complete cure” defined

by elimination of the virus and all its replicative

intermediates, appears unrealistic at present, an

interim ‘‘functional cure”, which has been defined

as sustained or durable HBsAg loss preferably with

anti-HBs seroconversion and undetectable serum

HBV DNA allowing treatment cessation [15], would

appear more achievable. Most investigators are of

the opinion that a multi-step approach to ‘‘hepatitis

B cure” is required. This could be achieved with a

depletion or silencing of the pool of cccDNA mole-

cules and broad activation of antiviral immunity in

order to overcome adaptive T cell/B-cell exhaustion

[15]. This multi-step approach has not really

addressed the issue of integrated HBV DNA, espe-

cially if serum HBsAg negativity is one of the clinical

trial treatment end-points. The main virological tar-

gets under investigation [124] include HBV entry

(NTCP-blocking), HBV transcription-translation

inhibitors (siRNA), HBx inhibitors (cccDNA epige-

netic regulation and silencing), blocking core/nucle-

ocapsid assembly (inhibition of genomic replication)

and cccDNA depletion (CRISPR/Cas 9; APOBEC

3A/3B) (Fig. 2). Approaches to enhance the immune

response to viral antigens include therapeutic vacci-

nes, Toll agonists, checkpoint inhibitors such as PD-

1/PD-L1 and activation of APOBEC 3A/3B pathways

[15]. Several of these approaches will require the

development of new assays to measure the direct

impact of the particular therapy on viral replication

and pathogenesis, such as the capsid/nucleocapsid

assembly inhibitors and the molecular approaches

to cccDNA depletion. However, most approaches

can still be assessed by measurement of serum

HBsAg and HBV DNA levels, but in many cases

may only provide an indirect measure of antiviral

activity and/or host recovery. Blocking of each of

the targets discussed above will have different

effects on-treatment end-points depending on the

particular phase of CHB, reflecting the changes in

the viral lifecycle across the four major phases.

Recommendations

HBsAg quantification is not a substitute for HBV

DNA. It has its unique meaning, but it has to be

interpreted and used with HBV DNA and other viral

tests in different clinical settings.

Assessment of untreated patients

In HBeAg-positive patients, HBV DNA and HBsAg

levels are usually high. The key clinical questions

are severities of liver fibrosis and hepatic necroin-

flammation, which determine the need of antiviral

therapy and risk of HCC. Although lower HBsAg level

tends to associate with immune clearance and more

advanced liver fibrosis, its clinical use is limited and

cannot replace biochemical and histologic

assessments.

In HBeAg-negative patients, patients with HBV

DNA >2000 IU/ml and patients with advanced liver

fibrosis have high risk of disease progression and

HCC; antiviral therapy has to be considered but

HBsAg has limited role in the decision on the need

of treatment. However, among patients with HBV

DNA <2000 IU/ml and without liver fibrosis, HBsAg

<1000 IU/ml signifies inactive carrier state with

low HCC risk and HBsAg <100 IU/ml is associated

with a high chance of spontaneous HBsAg seroclear-

ance. In resource-limited settings, low risk patients,

i.e., young patients with low HBsAg level with no

Key point

In untreated patients, HBsAg

level gives additional infor-

mation regarding the activ-

ity of disease and prognosis,

particularly among HBeAg-

negative patients with low

HBV DNA.

Key point

With the development of

newer therapies at different

targets of HBV replication,

understanding of the molec-

ular virology of HBsAg will

be important for the inter-

pretation of test results in

different clinical settings.
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evidence of liver cirrhosis, can be cared by primary

physicians and may not need HCC surveillance.

Monitoring of pegylated interferon alfa treatment

As PegIFN has a relatively low sustained response

rate and has numerous side effects, one should

individualize this treatment to patients with the

highest chance to respond and stop it as soon as

possible if the chance of response is dismal.

Although a lower HBsAg level is associated with

better response in treatment naïve patients, base-

line HBsAg has limited role in selecting patients

to treat in addition to other clinical parameters

such as HBV genotype, HBV DNA and ALT level.

On the other hand, on-treatment HBsAg levels at

week 12 and week 24 have high NPVs for response,

and are useful to serve as stopping rules for the

non-responders (Table 1). Among patients with

low or intermediate level of on-treatment HBsAg,

there is insufficient evidence to suggest extension

of PegIFN treatment or addition of NA can improve

treatment response.

Monitoring of nucleos(t)ide analogue treatment

HBV DNA is the key marker to monitor for efficacy

and adherence of NA treatment. Although a small

proportion of patients have HBsAg level dropped

very fast in the first year of NA treatment, most

patients have HBsAg level declined very slowly.

Monitoring of HBsAg level can give an estimate on

the duration of NA treatment needed to achieve

HBsAg seroclearance, but monitoring more frequent

than 6–12 months is unnecessary. HBsAg levels may

be useful to predict HBV reactivation or sustained

response after cessation of NA therapy. HBsAg

<100 IU/ml seem to be predictive for sustained

response but so far there are no established cut-

offs. Currently, HBsAg seroclearance is still the

acceptable endpoint to stop NA in HBeAg-negative

patients.

Combination therapy

In general, combination therapy, either PegIFN with

NA or NA with NA, is not a recommended strategy

for most CHB patients. If tenofovir and PegIFN com-

bination treatment is used, week 12 HBsAg decline

of <1 log can be used as the stopping rule for PegIFN

according to the results of a global randomized con-

trolled trial.

Among patients on long-term NA treatment,

there is increasing interest to start PegIFN to achieve

a functional cure of HBsAg seroclearance. Prelimi-

nary data from China suggests HBeAg-positive

patients who have HBeAg loss with low HBsAg level

(<1,500 IU/ml) on NA have higher chance of HBsAg

seroclearance after switching to PegIFN. More data

including different HBV genotypes is needed to

validate this observation.

Key point

Monitoring of HBsAg level

during nucleos(t)ide ana-

logue treatment can give an

estimate on the duration of

treatment needed to achieve

HBsAg seroclearance and

predict sustained response

after cessation of therapy.

Table 1. Quantitative HBsAg in the management of different settings of chronic HBV-infections.

Natural course

HBeAg positive

HBsAg >100,000 IU/ml associated with high replicative HBsAg carrier (‘‘immune tolerance”)

HBsAg >25,000 IU/ml >90% PPV for minimal liver fibrosis <F1

HBeAg negative

HBsAg <1000 IU/ml and HBV-DNA <2000 IU/ml is associated with lower risk for HCC

HBsAg <1000 IU/ml and HBV DNA <2000 IU/ml corresponds to 90% PPV for inactive carrier phase (genotype D)

HBsAg <100 IU/ml is probably associated with spontaneous HBsAg clearance

Treatment with PegIFN

HBeAg positive

HBsAg <1500 IU/ml at week 12 corresponds to 57% PPV for HBeAg seroconversion and 17.6% HBsAg clearance

No decline (any decline) of HBsAg at week 12 has a high NP for response (HBeAg loss and HBV DNA <2000 IU/ml at 24 weeks post-treatment). Response

<5% (genotypes A and D)

HBsAg >20,000 IU/ml at week 12 and 24 associated with 100% NPV for response (HBeAg loss and HBV DNA <2000 IU/ml at 24 weeks

post-treatment) (genotypes B and C)

HBeAg negative

No HBsAg decline (any decline) and <2 log decline of HBV DNA showed a NPV of 100% for non-response in genotype D patients

Treatment with NA

HBeAg positive

HBsAg decline >1 log after 12–48 weeks has been associated with HBsAg loss

HBeAg negative

Very slow decline of HBsAg.

Low HBsAg levels (<100 IU/ml) may predict off-treatment response after cessation of NA (after consolidation therapy P3 years)

Treatment with PegIFN and NA

HBsAg decline of <1 log from baseline to week 12 is associated with high NPV for HBsAg loss

Co-infections

HBV/HCV: Lower HBsAg in HCV dominant patients

HBV/HIV: Higher HBsAg levels compared to monoinfection. Association with CD4 T-cell count. HBsAg decline during ART is associated with CD4 T-cell count

HBV/HDV: Relative high HBsAg level. HBsAg level may be useful to guide IFN therapy
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Co-infections

For HBV co-infections, the role of HBsAg remains

imprecise due to smaller number of studies with

an overall smaller number of patients. However,

HBsAg levels may help to further understand the

viral interactions and improve the management of

HBV co-infections. Further studies are required.

Future therapies

Most strategies aiming for functional cure of HBV

infection include combination therapy with NA.

Thus, HBsAg is essential to monitor the response

to new therapeutic concepts. Besides HBsAg loss,

the level of HBsAg decline or certain cut-offs could

serve as secondary end-points for early clinical tri-

als. However, the exact decline or level of HBsAg

that can clearly give a go or no-go signal for a

new HBV therapy is uncertain.

Conflict of interest

Markus Cornberg has received lectures and consul-

tant fees from AbbVie, Bristol-Myers Squibb, Gilead

Sciences, Janssen, Merck/MSD, Novartis, Roche

Pharma and Roche Diagnostics as well as grant sup-

port from Roche Pharma and Roche Diagnostics.

Vincent Wai-Sun Wong has received lecture and

consultant fees from AbbVie, Abbott, Echosens,

Gilead Sciences, Janssen, Merck, Novartis, NovoMed-

ica, Otsuka, Roche Pharma and Roche Diagnostics.

Stephen Locarnini has received consultant fees as

well as grant support from Gilead Sciences Inc,

Arrowhead Research Corp and Spring Bank Pharma-

ceuticals Inc. Maurizia Brunetto has received lec-

tures fees from Bristol-Myers Squibb, Gilead

Sciences, Janssen and Roche Diagnostics; consultant

fees from AbbVie, Gilead Sciences, Janssen and MSD.

Harry L.A. Janssen received grants from AbbVie,

Bristol-Myers Squibb, Gilead Sciences, Innogenetics,

Janssen, Medimmune, Medtronic, Merck, Novartis,

Roche and is consultant for AbbVie, Benitec,

Bristol-Myers Squibb, Eiger Bio, Gilead Sciences,

GSK, Innogenetics, ISIS Pharmaceuticals, Janssen,

Medimmune, Medtronic, Merck, Novartis, Roche,

Tekmira. Henry Lik-Yuen Chan has received lecture

and consultant fees from AbbVie, Bristol-Myers

Squib, Gilead Sciences, Roche and Novartis; lecture

fees from Echosens; and an unrestricted grant for

HBV research from Roche Pharmaceutical.

Authors’ contributions

HLYC was responsible for planning and administra-

tive support. All authors (MC, VWSW, MB, SL, HLAJ

and HLYC) were involved in the writing of the

manuscript. SL was responsible for drafting of the

figures. MC and HLYC were involved in final editing

of the manuscript.

References

[1] Werle-Lapostolle B, Bowden S, Locarnini S, Wursthorn K, Petersen J, Lau G,

et al. Persistence of cccDNA during the natural history of chronic hepatitis B

and decline during adefovir dipivoxil therapy. Gastroenterology

2004;126:1750–1758.

[2] Chan HL, Wong VW, Tse AM, Tse CH, Chim AM, Chan HY, et al. Serum

hepatitis B surface antigen quantitation can reflect hepatitis B virus in the

liver and predict treatment response. Clin Gastroenterol Hepatol

2007;5:1462–1468.

[3] Chan HL, Thompson A, Martinot-Peignoux M, Piratvisuth T, Cornberg M,

Brunetto MR, et al. Hepatitis B surface antigen quantification: why and how

to use it in 2011 - a core group report. J Hepatol 2011;55:1121–1131.

[4] Locarnini S, Hatzakis A, Chen DS, Lok A. Strategies to control hepatitis B:

Public policy, epidemiology, vaccine and drugs. J Hepatol 2015;62:S76–S86.

[5] Heermann KH, Goldmann U, Schwartz W, Seyffarth T, Baumgarten H, Gerlich

WH. Large surface proteins of hepatitis B virus containing the pre-s sequence.

J Virol 1984;52:396–402.

[6] Lenhoff RJ, Summers J. Coordinate regulation of replication and virus

assembly by the large envelope protein of an avian hepadnavirus. J Virol

1994;68:4565–4571.

[7] Bruss V. Hepatitis B virus morphogenesis. World J Gastroenterol

2007;13:65–73.

[8] Yan H, Zhong G, Xu G, He W, Jing Z, Gao Z, et al. Sodium taurocholate

cotransporting polypeptide is a functional receptor for human hepatitis B and

D virus. Elife 2012;1 e00049.

[9] Gerlich WH. Medical virology of hepatitis B: how it began and where we are

now. Virol J 2013;10:239.

[10] Bock CT, Schranz P, Schröder CH, Zentgraf H. Hepatitis B virus genome is

organized into nucleosomes in the nucleus of the infected cell. Virus Genes

1994;8:215–229.

[11] Newbold JE, Xin H, Tencza M, Sherman G, Dean J, Bowden S, et al. The

covalently closed duplex form of the hepadnavirus genome exists in situ as a

heterogeneous population of viral minichromosomes. J Virol

1995;69:3350–3357.

[12] Bill CA, Summers J. Genomic DNA double-strand breaks are targets for

hepadnaviral DNA integration. Proc Natl Acad Sci U S A

2004;101:11135–11140.

[13] Yang W, Summers J. Illegitimate replication of linear hepadnavirus DNA

through nonhomologous recombination. J Virol 1995;69:4029–4036.

[14] Gong SS, Jensen AD, Wang H, Rogler CE. Duck hepatitis B virus integrations in

LMH chicken hepatoma cells: identification and characterization of new

episomally derived integrations. J Virol 1995;69:8102–8108.

[15] Revill P, Testoni B, Locarnini S, Zoulim F. Global strategies are required to

cure and eliminate HBV infection. Nat Rev Gastroenterol Hepatol

2016;13:239–248.

[16] Woodell C, Chavez D, Goetzmann JE, Guerra B, Peterson RM, Lee H, et al.

Reductions in cccDNA under NUC and ARC-520 therapy in chimpanzees with

chronic hepatitis B virus infection implicate integrated DNA in maintaining

circulating HBsAg. Hepatology 2015;62:222A–223A.

[17] Lin LY, Wong VW, Zhou HJ, Chan HY, Gui HL, Guo SM, et al. Relationship

between serum hepatitis B virus DNA and surface antigen with covalently

closed circular DNA in HBeAg-negative patients. J Med Virol

2010;82:1494–1500.

[18] Thompson AJ, Nguyen T, Iser D, Ayres A, Jackson K, Littlejohn M, et al. Serum

hepatitis B surface antigen and hepatitis B e antigen titers: disease phase

influences correlation with viral load and intrahepatic hepatitis B virus

markers. Hepatology 2010;51:1933–1944.

[19] Manesis EK, Papatheodoridis GV, Tiniakos DG, Hadziyannis ES, Agelopoulou

OP, Syminelaki T, et al. Hepatitis B surface antigen: relation to hepatitis B

replication parameters in HBeAg-negative chronic hepatitis B. J Hepatol

2011;55:61–68.

[20] Warner N, Locarnini S. The antiviral drug selected hepatitis B virus rtA181T/

sW172⁄ mutant has a dominant negative secretion defect and alters the

typical profile of viral rebound. Hepatology 2008;48:88–98.

[21] Warner N, Locarnini S. Can antiviral therapy for chronic hepatitis B enhance

the progression to hepatocellular carcinoma? Antivir Ther 2009;14:139–142.

[22] Gerlich W, Thomssen R. Standardized detection of hepatitis B surface

antigen: determination of its serum concentration in weight units per

volume. Dev Biol Stand 1975;30:78–87.

R
e
v
ie
w

Review

408 Journal of Hepatology 2017 vol. 66 j 398–411

http://refhub.elsevier.com/S0168-8278(16)30441-X/h0005
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0005
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0005
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0005
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0010
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0010
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0010
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0010
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0015
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0015
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0015
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0020
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0020
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0025
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0025
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0025
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0030
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0030
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0030
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0035
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0035
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0040
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0040
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0040
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0045
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0045
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0050
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0050
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0050
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0055
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0055
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0055
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0055
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0060
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0060
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0060
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0065
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0065
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0070
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0070
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0070
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0075
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0075
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0075
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0080
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0080
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0080
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0080
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0085
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0085
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0085
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0085
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0090
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0090
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0090
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0090
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0095
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0095
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0095
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0095
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0100
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0100
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0100
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0100
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0105
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0105
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0110
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0110
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0110


[23] Burdino E, Ruggiero T, Proietti A, Milia MG, Olivero A, Caviglia GP, et al.

Quantification of hepatitis B surface antigen with the novel DiaSorin LIAISON

XL Murex HBsAg Quant: correlation with the ARCHITECT quantitative assays.

J Clin Virol 2014;60:341–346.

[24] Wursthorn K, Jaroszewicz J, Zacher BJ, Darnedde M, Raupach R, Mederacke I,

et al. Correlation between the Elecsys HBsAg II assay and the Architect assay

for the quantification of hepatitis B surface antigen (HBsAg) in the serum. J

Clin Virol 2011;50:292–296.

[25] Liao CC, Hsu CW, Gu PW, Yeh CT, Lin SM, Chiu CT. Comparison of the elecsys

HBsAg II assay and the architect assay for quantification of hepatitis B surface

antigen in chronic hepatitis B patients. Biomed J 2015;38:250–256.

[26] Verheyen J, Neumann-Fraune M, Berg T, Kaiser R, Obermeier M. The

detection of HBsAg mutants expressed in vitro using two different quanti-

tative HBsAg assays. J Clin Virol 2012;54:279–281.

[27] Madalinski K, Burczynska B, Heermann KH, Uy A, Gerlich WH. Analysis of

viral proteins in circulating immune complexes from chronic carriers of

hepatitis B virus. Clin Exp Immunol 1991;84:493–500.

[28] Rinker F, Bremer C, Bremer B, Manns MP, Wedemeyer H, Yang L, et al.

Evaluation of large, middle and small hepatitis B surface (HBS) proteins in

HBeAg positive patients. J Hepatol 2015;62:S524–S525.

[29] Seeger C, Mason WS. Molecular biology of hepatitis B virus infection.

Virology 2015;479–480:672–686.

[30] Sugiyama M, Tanaka Y, Kato T, Orito E, Ito K, Acharya SK, et al. Influence of

hepatitis B virus genotypes on the intra- and extracellular expression of viral

DNA and antigens. Hepatology 2006;44:915–924.

[31] Sonneveld MJ, Hansen BE, Piratvisuth T, Jia JD, Zeuzem S, Gane E, et al.

Response-guided peginterferon therapy in hepatitis B e antigen-positive

chronic hepatitis B using serum hepatitis B surface antigen levels. Hepatol-

ogy 2013;58:872–880.

[32] Brunetto MR, Marcellin P, Cherubini B, Yurdaydin C, Farci P, Hadziyannis SJ,

et al. Response to peginterferon alfa-2a (40KD) in HBeAg-negative CHB: on-

treatment kinetics of HBsAg serum levels vary by HBV genotype. J Hepatol

2013;59:1153–1159.

[33] Pollicino T, Amaddeo G, Restuccia A, Raffa G, Alibrandi A, Cutroneo G, et al.

Impact of hepatitis B virus (HBV) preS/S genomic variability on HBV surface

antigen and HBV DNA serum levels. Hepatology 2012;56:434–443.

[34] Jaroszewicz J, Calle Serrano B, Wursthorn K, Deterding K, Schlue J, Raupach R,

et al. Hepatitis B surface antigen (HBsAg) levels in the natural history of

hepatitis B virus (HBV)-infection: a European perspective. J Hepatol

2010;52:514–522.

[35] Nguyen T, Thompson AJ, Bowden S, Croagh C, Bell S, Desmond PV, et al.

Hepatitis B surface antigen levels during the natural history of chronic

hepatitis B: a perspective on Asia. J Hepatol 2010;52:508–513.

[36] Gerlich W, Stamm B. Thomssen R [Prognostic significance of quantitative

HBsAg determination in acute hepatitis B. Partial report of a cooperative

clinical study of the DFG-focus of ‘‘virus hepatitis”]. Verh Dtsch Ges Inn Med

1977;83:554–557.

[37] 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;52:1232–1241.

[38] Seto WK, Wong DK, Fung J, Ip PP, Yuen JC, Hung IF, et al. High hepatitis B

surface antigen levels predict insignificant fibrosis in hepatitis B e antigen

positive chronic hepatitis B. PLoS ONE 2012;7 e43087.

[39] Martinot-Peignoux M, Carvalho-Filho R, Lapalus M, Netto-Cardoso AC, Lada

O, Batrla R, et al. Hepatitis B surface antigen serum level is associated with

fibrosis severity in treatment-naïve, e antigen-positive patients. J Hepatol

2013;58:1089–1095.

[40] Xun YH, Zang GQ, Guo JC, Yu XL, Liu H, Xiang J, et al. Serum hepatitis B

surface antigen quantification as a useful assessment for significant fibrosis

in hepatitis B e antigen-positive hepatitis B virus carriers. J Gastroenterol

Hepatol 2013;28:1746–1755.

[41] Goyal SK, Jain AK, Dixit VK, Shukla SK, Kumar M, Ghosh J, et al. HBsAg level as

predictor of liver fibrosis in HBeAg positive patients with chronic hepatitis B

virus infection. J Clin Exp Hepatol 2015;5:213–220.

[42] Fung J, Seto WK, Wong DK, Lai CL, Yuen MF. Hepatitis B surface antigen levels

after hepatitis B e-antigen seroclearance: a longitudinal follow-up study.

Liver Int 2015;35:854–859.

[43] Tseng TC, Liu CJ, Su TH, Wang CC, Chen CL, Chen PJ, et al. Serum hepatitis B

surface antigen levels predict surface antigen loss in hepatitis B e antigen

seroconverters. Gastroenterology 2011;141:517–525 525.e1.

[44] Fung J, Wong DK, Seto WK, Kopaniszen M, Lai CL, Yuen MF. Hepatitis B

surface antigen seroclearance: Relationship to hepatitis B e-antigen sero-

clearance and hepatitis B e-antigen-negative hepatitis. Am J Gastroenterol

2014;109:1764–1770.

[45] Brunetto MR, Oliveri F, Coco B, Leandro G, Colombatto P, Gorin JM, et al.

Outcome of anti-HBe positive chronic hepatitis B in alpha-interferon treated

and untreated patients: a long term cohort study. J Hepatol

2002;36:263–270.

[46] Brunetto MR, Oliveri F, Colombatto P, Moriconi F, Ciccorossi P, Coco B, et al.

Hepatitis B surface antigen serum levels help to distinguish active from

inactive hepatitis B virus genotype D carriers. Gastroenterology

2010;139:483–490.

[47] Liu J, Yang HI, Lee MH, Jen CL, Batrla-Utermann R, Lu SN, et al. Serum levels of

hepatitis B surface antigen and DNA can predict inactive carriers with low

risk of disease progression. Hepatology 2016;64:381–389.

[48] Lee MH, Yang HI, Liu J, Batrla-Utermann R, Jen CL, Iloeje UH, et al. Prediction

models of long-term cirrhosis and hepatocellular carcinoma risk in chronic

hepatitis B patients: risk scores integrating host and virus profiles. Hepatol-

ogy 2013;58:546–554.

[49] Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, et al. Serum hepatitis B

surface antigen levels help predict disease progression in patients with low

hepatitis B virus loads. Hepatology 2013;57:441–450.

[50] Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, et al. High levels of

hepatitis B surface antigen increase risk of hepatocellular carcinoma in

patients with low HBV load. Gastroenterology 2012;142:1140–1149 (Quiz

e13) e3.

[51] Repeated measurements of hepatitis B surface antigen identify carriers of

inactive HBV during long-term follow-up. Clin Gastroenterol Hepatol 2016.

http://dx.doi.org/10.1016/j.cgh.2016.01.019.

[52] Tseng TC, Liu CJ, Yang HC, Su TH, Wang CC, Chen CL, et al. Determinants of

spontaneous surface antigen loss in hepatitis B e antigen-negative patients

with a low viral load. Hepatology 2012;55:68–76.

[53] Chan HL, Wong GL, Tse CH, Chan HY, Wong VW. Viral determinants of

hepatitis B surface antigen seroclearance in hepatitis B e antigen-negative

chronic hepatitis B patients. J Infect Dis 2011;204:408–414.

[54] Liu J, Lee MH, Batrla-Utermann R, Jen CL, Iloeje 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;58:853–860.

[55] Zeng LY, Lian JS, Chen JY, Jia HY, Zhang YM, Xiang DR, et al. Hepatitis B

surface antigen levels during natural history of chronic hepatitis B: a Chinese

perspective study. World J Gastroenterol 2014;20:9178–9184.

[56] Wursthorn K, Lutgehetmann M, Dandri M, Volz T, Buggisch P, Zollner B, et al.

Peginterferon alpha-2b plus adefovir induce strong cccDNA decline and

HBsAg reduction in patients with chronic hepatitis B. Hepatology

2006;44:675–684.

[57] Janssen HL, Kerhof-Los CJ, Heijtink RA, Schalm SW. Measurement of HBsAg to

monitor hepatitis B viral replication in patients on alpha-interferon therapy.

Antiviral Res 1994;23:251–257.

[58] Arends P, Rijckborst V, Zondervan PE, Buster E, Cakaloglu Y, Ferenci P, et al.

Loss of intrahepatic HBsAg expression predicts sustained response to

peginterferon and is reflected by pronounced serum HBsAg decline. J Viral

Hepat 2014;21:897–904.

[59] Sonneveld MJ, Rijckborst V, Boucher CA, Hansen BE, Janssen HL. Prediction of

sustained response to peginterferon alfa-2b for hepatitis B e antigen-positive

chronic hepatitis B using on-treatment hepatitis B surface antigen decline.

Hepatology 2010;52:1251–1257.

[60] Lau GKK, Marcellin P, Brunetto M, Piratvisuth T, Kapprell HP, Messinger D,

et al. On-treatment monitoring of HBsAg levels to predict response to

peginterferon alfa-2a in patients with HBeAg-positive chronic hepatitis B. J

Hepatol 2009;50:S333.

[61] Sonneveld MJ, Arends P, Boonstra A, Hansen BE, Janssen HL. Serum levels of

interferon-gamma-inducible protein 10 and response to peginterferon

therapy in HBeAg-positive chronic hepatitis B. J Hepatol 2013;58:898–903.

[62] Sonneveld MJ, Rijckborst V, Zeuzem S, Heathcote EJ, Simon K, Senturk H, et al.

Presence of precore and core promoter mutants limits the probability of

response to peginterferon in hepatitis B e antigen-positive chronic hepatitis

B. Hepatology 2012;56:67–75.

[63] Sonneveld MJ, Rijckborst V, Cakaloglu Y, Simon K, Heathcote EJ, Tabak F, et al.

Durable hepatitis B surface antigen decline in hepatitis B e antigen-positive

chronic hepatitis B patients treated with pegylated interferon-alpha2b:

relation to response and HBV genotype. Antivir Ther 2012;17:9–17.

[64] Chan HL, Wong VW, Chim AM, Chan HY, Wong GL, Sung JJ. Serum HBsAg

quantification to predict response to peginterferon therapy of e antigen

positive chronic hepatitis B. Aliment Pharmacol Ther 2010;32:1323–1331.

[65] Gane E, Jia J, Han K, Tanwandee T, Chuang WL, Marcellin P, et al. Neptune

study: On-treatment HBsAg level analysis confirms prediction of response

R
e
v
ie
w

JOURNAL OF HEPATOLOGY

Journal of Hepatology 2017 vol. 66 j 398–411 409

http://refhub.elsevier.com/S0168-8278(16)30441-X/h0115
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0115
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0115
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0115
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0120
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0120
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0120
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0120
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0125
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0125
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0125
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0130
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0130
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0130
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0135
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0135
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0135
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0140
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0140
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0140
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0145
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0145
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0150
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0150
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0150
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0155
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0155
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0155
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0155
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0160
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0160
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0160
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0160
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0165
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0165
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0165
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0170
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0170
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0170
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0170
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0175
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0175
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0175
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0180
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0180
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0180
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0180
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0180
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0185
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0185
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0185
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0190
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0190
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0190
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0195
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0195
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0195
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0195
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0200
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0200
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0200
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0200
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0205
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0205
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0205
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0210
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0210
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0210
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0215
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0215
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0215
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0220
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0220
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0220
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0220
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0225
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0225
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0225
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0225
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0230
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0230
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0230
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0230
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0235
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0235
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0235
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0240
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0240
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0240
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0240
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0245
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0245
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0245
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0250
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0250
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0250
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0250
http://dx.doi.org/10.1016/j.cgh.2016.01.019
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0260
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0260
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0260
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0265
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0265
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0265
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0270
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0270
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0270
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0270
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0275
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0275
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0275
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0280
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0280
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0280
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0280
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0285
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0285
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0285
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0290
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0290
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0290
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0290
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0295
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0295
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0295
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0295
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0300
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0300
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0300
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0300
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0305
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0305
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0305
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0310
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0310
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0310
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0310
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0315
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0315
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0315
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0315
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0320
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0320
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0320
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0325
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0325


observed in phase 3 study of peginterferon alfa-2a in HBeAg-positive

patients. J Hepatol 2011;54:S31.

[66] EASL clinical practice guidelines: management of chronic hepatitis B virus

infection. J Hepatol 2012;57:167–185.

[67] Marcellin P, Bonino F, Lau GK, Farci P, Yurdaydin C, Piratvisuth T, et al.

Sustained response of hepatitis B e antigen-negative patients 3 years after

treatment with peginterferon alpha-2a. Gastroenterology

2009;136:2169–2179 e1.

[68] Rijckborst V, Ferenci P, Akdogan M, Pinarbasi B, ter Borg MJ, Simon K, et al.

Long-term follow-up of hepatitis B e antigen-negative patients treated with

peginterferon a-2a: progressive decrease in hepatitis B surface antigen in

responders. Eur J Gastroenterol Hepatol 2012;24:1012–1019.

[69] Brunetto MR, Moriconi F, Bonino F, Lau GK, Farci P, Yurdaydin C, et al.

Hepatitis B virus surface antigen levels: a guide to sustained response to

peginterferon alfa-2a in HBeAg-negative chronic hepatitis B. Hepatology

2009;49:1141–1150.

[70] Rijckborst V, Hansen BE, Cakaloglu Y, Ferenci P, Tabak F, Akdogan M, et al.

Early on-treatment prediction of response to peginterferon alfa-2a for

HBeAg-negative chronic hepatitis B using HBsAg and HBV DNA levels.

Hepatology 2010;52:454–461.

[71] Marcellin P, Bonino F, Yurdaydin C, Hadziyannis S, Moucari R, Kapprell HP,

et al. Hepatitis B surface antigen levels: association with 5-year response to

peginterferon alfa-2a in hepatitis B e-antigen-negative patients. Hepatol Int

2013;7:88–97.

[72] Rijckborst V, Hansen BE, Ferenci P, Brunetto MR, Tabak F, Cakaloglu Y, et al.

Validation of a stopping rule at week 12 using HBsAg and HBV DNA for

HBeAg-negative patients treated with peginterferon alfa-2a. J Hepatol

2012;56:1006–1011.

[73] Goulis I, Karatapanis S, Akriviadis E, Deutsch M, Dalekos GN, Raptopoulou-

Gigi M, et al. On-treatment prediction of sustained response to peginterferon

alfa-2a for HBeAg-negative chronic hepatitis B patients. Liver Int

2015;35:1540–1548.

[74] Cornberg M, Honer Zu Siederdissen C. HBsAg seroclearance with NUCs: rare

but important. Gut 2014;63:1208–1209.

[75] Reijnders JG, Perquin MJ, Zhang N, Hansen BE, Janssen HL. Nucleos(t)ide

analogues only induce temporary hepatitis B e antigen seroconversion in

most patients with chronic hepatitis B. Gastroenterology 2010;139:491–498.

[76] Manesis EK, Hadziyannis ES, Angelopoulou OP, Hadziyannis SJ. Prediction of

treatment-related HBsAg loss in HBeAG-negative chronic hepatitis B: a clue

from serum HBsAg levels. Antivir Ther 2007;12:73–82.

[77] Reijnders JG, Rijckborst V, Sonneveld MJ, Scherbeijn SM, Boucher CA, Hansen

BE, et al. Kinetics of hepatitis B surface antigen differ between treatment

with peginterferon and entecavir. J Hepatol 2011;54:449–454.

[78] Chevaliez S, Hezode C, Bahrami S, Grare M, Pawlotsky JM. Long-term

hepatitis B surface antigen (HBsAg) kinetics during nucleoside/nucleotide

analogue therapy: Finite treatment duration unlikely. J Hepatol

2013;58:676–683.

[79] Zoutendijk R, Hansen BE, van Vuuren AJ, Boucher CA, Janssen HL. Serum

HBsAg decline during long-term potent nucleos(t)ide analogue therapy for

chronic hepatitis B and prediction of HBsAg loss. J Infect Dis

2011;204:415–418.

[80] Seto WK, Hui AJ, Wong VW, Wong GL, Liu KS, Lai CL, et al. Treatment

cessation of entecavir in Asian patients with hepatitis B e antigen negative

chronic hepatitis B: a multicentre prospective study. Gut 2014;64:667–672.

[81] Zoulim F, Carosi G, Greenbloom S, Mazur W, Nguyen T, Jeffers L, et al.

Quantification of HBsAg in nucleos(t)ide-naïve patients treated for chronic

hepatitis B with entecavir with or without tenofovir in the BE-LOW study. J

Hepatol 2015;62:56–63.

[82] Seto WK, Liu K, Wong DK, Fung J, Huang FY, Hung IF, et al. Patterns of

hepatitis B surface antigen decline and HBV DNA suppression in Asian

treatment-experienced chronic hepatitis B patients after three years of

tenofovir treatment. J Hepatol 2013;59:709–716.

[83] Jaroszewicz J, Ho H, Markova A, Deterding K, Wursthorn K, Schulz S, et al.

Hepatitis B surface antigen (HBsAg) decrease and serum interferon-inducible

protein-10 levels as predictive markers for HBsAg loss during treatment with

nucleoside/nucleotide analogues. Antivir Ther 2011;16:915–924.

[84] Papatheodoridis G, Triantos C, Hadziyannis E, Zisimopoulos K, Georgiou A,

Voulgaris T, et al. Serum HBsAg kinetics and usefulness of interferon-

inducible protein 10 serum in HBeAg-negative chronic hepatitis B patients

treated with tenofovir disoproxil fumarate. J Viral Hepat

2015;22:1079–1087.

[85] Xia Y, Stadler D, Lucifora J, Reisinger F, Webb D, Hösel M, et al. Interferon-c

and tumor necrosis factor-a produced by T cells reduce the HBV persistence

form, cccDNA, without cytolysis. Gastroenterology 2016;150:194–205.

[86] Wursthorn K, Jung M, Riva A, Goodman ZD, Lopez P, Bao W, et al. Kinetics of

hepatitis B surface antigen decline during 3 years of telbivudine treatment in

hepatitis B e antigen-positive patients. Hepatology 2010;52:1611–1620.

[87] Marcellin P, Buti M, Krastev Z, de Man RA, Zeuzem S, Lou L, et al. Kinetics of

hepatitis B surface antigen loss in patients with HBeAg-positive chronic

hepatitis B treated with tenofovir disoproxil fumarate. J Hepatol

2014;61:1228–1237.

[88] Lee MH, Lee da M, Kim SS, Cheong JY, Cho SW. Correlation of serum hepatitis

B surface antigen level with response to entecavir in naive patients with

chronic hepatitis B. J Med Virol 2011;83:1178–1186.

[89] Fung J, Lai CL, Young J, Wong DK, Yuen J, Seto WK, et al. Quantitative hepatitis

B surface antigen levels in patients with chronic hepatitis B after 2 years of

entecavir treatment. Am J Gastroenterol 2011;106:1766–1773.

[90] Singh AK, Sharma MK, Hissar SS, Gupta E, Sarin SK. Relevance of hepatitis B

surface antigen levels in patients with chronic hepatitis B during 5 year of

tenofovir treatment. J Viral Hepat 2014;21:439–446.

[91] Cai W, Xie Q, An B, Wang H, Zhou X, Zhao G, et al. On-treatment serum HBsAg

level is predictive of sustained off-treatment virologic response to tel-

bivudine in HBeAg-positive chronic hepatitis B patients. J Clin Virol

2010;48:22–26.

[92] Lee JM, Ahn SH, Kim HS, Park H, Chang HY, Kim DY, et al. Quantitative

hepatitis B surface antigen and hepatitis B e antigen titers in prediction of

treatment response to entecavir. Hepatology 2011;53:1486–1493.

[93] Hadziyannis SJ, Sevastianos V, Rapti I, Vassilopoulos D, Hadziyannis E.

Sustained responses and loss of HBsAg in HBeAg-negative patients with

chronic hepatitis B who stop long-term treatment with adefovir. Gastroen-

terology 2012;143:629–636 e1.

[94] Chang ML, Liaw YF, Hadziyannis SJ. Systematic review: cessation of long-

term nucleos(t)ide analogue therapy in patients with hepatitis B e antigen-

negative chronic hepatitis B. Aliment Pharmacol Ther 2015;42:243–257.

[95] Buti M, Casillas R, Riveiro-Barciela M, Homs M, Tabernero D, Salcedo MT,

et al. Tenofovir discontinuation after long-term viral suppression in HBeAg

negative chronic hepatitis B. Can HBsAg levels be useful. J Clin Virol

2015;68:61–68.

[96] Rinker F, Honer Zu Siederdissen C, Bremer CM, Bremer B, Falk CS, Manns MP,

et al. Induction of innate and adaptive immune responses after stopping NA

therapy in HBeAg negative chronic hepatitis B. Z Gastroenterol 2015;53.

http://dx.doi.org/10.1055/s-0035.

[97] Wong GL, Wong VW, Chan HL. Combination therapy of interferon and

nucleotide/nucleoside analogues for chronic hepatitis B. J Viral Hepat

2014;21:825–834.

[98] Marcellin P, Lau GK, Bonino F, Farci P, Hadziyannis S, Jin R, et al. Peginter-

feron alfa-2a alone, lamivudine alone, and the two in combination in patients

with HBeAg-negative chronic hepatitis B. N Engl J Med

2004;351:1206–1217.

[99] Lau GK, Piratvisuth T, Luo KX, Marcellin P, Thongsawat S, Cooksley G, et al.

Peginterferon Alfa-2a, lamivudine, and the combination for HBeAg-positive

chronic hepatitis B. N Engl J Med 2005;352:2682–2695.

[100] Janssen HL, van Zonneveld M, Senturk H, Zeuzem S, Akarca US, Cakaloglu Y,

et al. Pegylated interferon alfa-2b alone or in combination with lamivudine

for HBeAg-positive chronic hepatitis B: a randomised trial. Lancet

2005;365:123–129.

[101] Chan HL, Leung NW, Hui AY, Wong VW, Liew CT, Chim AM, et al. A

randomized, controlled trial of combination therapy for chronic hepatitis B:

comparing pegylated interferon-alpha2b and lamivudine with lamivudine

alone. Ann Intern Med 2005;142:240–250.

[102] Chan HL, Wong VW, Chim AM, Choi PC, Chan HY, Hui AY, et al. Virological

response to different combination regimes of peginterferon alpha-2b and

lamivudine in hepatitis B e antigen positive chronic hepatitis B. Antivir Ther

2007;12:815–823.

[103] Marcellin P, Ahn SH, Ma X, Caruntu FA, Tak WY, Elkashab M, et al.

Combination of tenofovir disoproxil fumarate and peginterferon a-2a

increases loss of hepatitis B surface antigen in patients with chronic

hepatitis B. Gastroenterology 2016;150:134–144 e10.

[104] Chan HL, Ahn SH, Chuang WL, Hui AJ, Tabak F, Mehta R, et al. Predictors of

clinical response: Results from a large, randomized controlled study with

tenofovir disoproxil fumarate (TDF) plus peginterferon alfa-2A (PEG) com-

bination for chronic hepatitis B (CHB). J Hepatol 2015;62:S251–S252.

[105] Ning Q, Han M, Sun Y, Jiang J, Tan D, Hou J, et al. Switching from entecavir to

PegIFN alfa-2a in patients with HBeAg-positive chronic hepatitis B: a

randomised open-label trial (OSST trial). J Hepatol 2014;61:777–784.

[106] Hu P, Shang J, Zhang WH, Gong G, Yongguo L, Chen X, et al. Predictive value

of baseline and on-treatment qHBsAg level in HBeAg positive CHB patients

R
e
v
ie
w

Review

410 Journal of Hepatology 2017 vol. 66 j 398–411

http://refhub.elsevier.com/S0168-8278(16)30441-X/h0325
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0325
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0330
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0330
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0335
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0335
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0335
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0335
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0340
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0340
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0340
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0340
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0345
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0345
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0345
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0345
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0350
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0350
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0350
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0350
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0355
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0355
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0355
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0355
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0360
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0360
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0360
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0360
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0365
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0365
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0365
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0365
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0370
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0370
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0375
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0375
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0375
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0380
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0380
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0380
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0385
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0385
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0385
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0390
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0390
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0390
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0390
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0395
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0395
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0395
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0395
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0400
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0400
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0400
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0405
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0405
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0405
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0405
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0410
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0410
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0410
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0410
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0415
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0415
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0415
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0415
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0420
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0420
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0420
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0420
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0420
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0425
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0425
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0425
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0430
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0430
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0430
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0435
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0435
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0435
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0435
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0440
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0440
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0440
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0445
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0445
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0445
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0450
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0450
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0450
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0455
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0455
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0455
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0455
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0460
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0460
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0460
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0465
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0465
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0465
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0465
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0470
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0470
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0470
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0475
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0475
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0475
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0475
http://dx.doi.org/10.1055/s-0035
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0485
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0485
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0485
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0490
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0490
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0490
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0490
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0495
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0495
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0495
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0500
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0500
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0500
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0500
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0505
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0505
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0505
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0505
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0510
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0510
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0510
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0510
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0515
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0515
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0515
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0515
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0520
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0520
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0520
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0520
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0525
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0525
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0525
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0530
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0530


who switched from NUCs to pegylated interferon A-2A: A further analysis

from new switch study. J Hepatol 2015;62:S251.

[107] Han M, Jiang J, Hou J, Tan D, Sun Y, Zhao M, et al. Sustained immune control

in HBeAg-positive patients who switched from entecavir therapy to pegy-

lated interferon-a2a: 1-year follow-up of the OSST study. Antivir Ther 2016.

http://dx.doi.org/10.3851/IMP3019.

[108] Raimondo G, Brunetto MR, Pontisso P, Smedile A, Maina AM, Saitta C, et al.

Longitudinal evaluation reveals a complex spectrum of virological profiles in

hepatitis B virus/hepatitis C virus-coinfected patients. Hepatology

2006;43:100–107.

[109] Wiegand SB, Jaroszewicz J, Potthoff A, Honer Zu Siederdissen C, Maasoumy B,

Deterding K, et al. Dominance of hepatitis C virus (HCV) is associated with

lower quantitative hepatitis B surface antigen and higher serum interferon-

gamma-induced protein 10 levels in HBV/HCV-coinfected patients. Clin

Microbiol Infect 2015;21:710 e1–e9.

[110] Potthoff A, Manns MP, Wedemeyer H. Treatment of HBV/HCV coinfection.

Expert Opin Pharmacother 2010;11:919–928.

[111] Takayama H, Sato T, Ikeda F, Fujiki S. Reactivation of hepatitis B virus during

interferon-free therapy with daclatasvir and asunaprevir in patient with

hepatitis B virus/hepatitis C virus co-infection. Hepatol Res 2015. http://dx.

doi.org/10.1111/hepr.12578.

[112] Jaroszewicz J, Reiberger T, Meyer-Olson D, Mauss S, Vogel M, Ingiliz P, et al.

Hepatitis B surface antigen concentrations in patients with HIV/HBV co-

infection. PLoS One 2012;7 e43143.

[113] Zoutendijk R, Zaaijer HL, de Vries-Sluijs TE, Reijnders JG, Mulder JW, Kroon

FP, et al. Hepatitis B surface antigen declines and clearance during long-term

tenofovir therapy in patients coinfected with HBV and HIV. J Infect Dis

2012;206:974–980.

[114] Maylin S, Boyd A, Lavocat F, Gozlan J, Lascoux-Combe C, Miailhes P, et al.

Kinetics of HBs and HBe antigen and prediction of treatment response to

tenofovir in antiretroviral-experienced HIV-HBV infected patients. AIDS

2012;26:939–949.

[115] Arendt E, Jaroszewicz J, Rockstroh J, Meyer-Olson D, Zacher BJ, Mederacke I,

et al. Improved immune status corresponds with long-term decline of

quantitative serum hepatitis B surface antigen in HBV/HIV co-infected

patients. Viral Immunol 2012;25:442–447.

[116] Strassl R, Reiberger T, Honsig C, Payer BA, Mandorfer M, Grabmeier-

Pfistershammer K, et al. Viral determinants predicting hepatitis B surface

antigen (HBsAg) seroclearance in HIV-/HBV-coinfected patients. J Viral Hepat

2014;21:508–516.

[117] Hughes SA, Wedemeyer H, Harrison PM. Hepatitis delta virus. Lancet

2011;378:73–85.

[118] Heidrich B, Deterding K, Tillmann HL, Raupach R, Manns MP, Wedemeyer H.

Virological and clinical characteristics of delta hepatitis in Central Europe. J

Viral Hepat 2009;16:883–894.

[119] Heidrich B, Serrano BC, Idilman R, Kabacam G, Bremer B, Raupach R, et al.

HBeAg-positive hepatitis delta: virological patterns and clinical long-term

outcome. Liver Int 2012;32:1415–1425.

[120] Wedemeyer H, Yurdaydin C, Dalekos GN, Erhardt A, Cakaloglu Y, Degertekin

H, et al. Peginterferon plus adefovir vs. either drug alone for hepatitis delta. N

Engl J Med 2011;364:322–331.

[121] Heidrich B, Yurdaydin C, Kabacam G, Ratsch BA, Zachou K, Bremer B, et al.

Late HDV RNA relapse after peginterferon alpha-based therapy of chronic

hepatitis delta. Hepatology 2014;60:87–97.

[122] Manesis EK, Schina M, Le Gal F, Agelopoulou O, Papaioannou C, Kalligeros C,

et al. Quantitative analysis of hepatitis D virus RNA and hepatitis B surface

antigen serum levels in chronic delta hepatitis improves treatment moni-

toring. Antivir Ther 2007;12:381–388.

[123] Ouzan D, Penaranda G, Joly H, Halfon P. Optimized HBsAg titer monitoring

improves interferon therapy in patients with chronic hepatitis delta. J

Hepatol 2013;58:1258–1259.

[124] Durantel D, Zoulim F. New antiviral targets for innovative treatment

concepts for hepatitis B virus and hepatitis delta virus. J Hepatol 2016;64:

S117–S131.

R
e
v
ie
w

JOURNAL OF HEPATOLOGY

Journal of Hepatology 2017 vol. 66 j 398–411 411

http://refhub.elsevier.com/S0168-8278(16)30441-X/h0530
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0530
http://dx.doi.org/10.3851/IMP3019
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0540
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0540
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0540
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0540
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0545
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0545
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0545
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0545
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0545
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0550
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0550
http://dx.doi.org/10.1111/hepr.12578
http://dx.doi.org/10.1111/hepr.12578
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0560
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0560
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0560
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0565
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0565
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0565
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0565
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0570
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0570
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0570
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0570
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0575
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0575
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0575
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0575
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0580
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0580
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0580
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0580
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0585
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0585
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0590
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0590
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0590
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0595
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0595
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0595
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0600
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0600
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0600
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0605
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0605
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0605
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0610
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0610
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0610
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0610
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0615
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0615
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0615
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0620
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0620
http://refhub.elsevier.com/S0168-8278(16)30441-X/h0620

	The role of quantitative hepatitis B surface antigen revisited
	Introduction
	Molecular virology of HBsAg
	Virology of HBsAg production
	Role of episomal integrated HBV DNA
	Differences in HBeAg-positive and HBeAg-negative infection
	Antiviral drug resistance and HBsAg quantification
	Technology of HBsAg quantification

	Natural history of HBV infection
	Acute HBV infection
	HBeAg-positive carriers
	HBeAg-negative carriers

	Pegylated interferon alfa therapy
	HBeAg-positive patients
	HBeAg-negative patients

	Therapy with nucleos(t)ide analogues
	General trend of HBsAg decline during nucleos(t)ide analogue therapy
	HBeAg-positive patients
	HBeAg-negative patients

	Combination therapy of pegylated interferon alfa and nucleos(t)ide analogues
	Co-infections
	HBV/HCV
	HBV/HIV
	HBV/HDV

	Possible roles in future therapy
	Recommendations
	Assessment of untreated patients
	Monitoring of pegylated interferon alfa treatment
	Monitoring of nucleos(t)ide analogue treatment
	Combination therapy
	Co-infections
	Future therapies

	Conflict of interest
	Authors’ contributions
	References


