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Abstract
The goal of chronic hepatitis B (CHB) therapy is to improve the patient prognosis
through the sustained inhibition of viral replication. However, due to the
uncertainty and potentially unlimited duration of the treatment course,
nucleus(t)ide analogue (NA) resistance and safety, financial costs and patient
compliance, different endpoints of antiviral treatment have been proposed in
CHB prevention and treatment guidelines. Different treatment endpoints are
closely associated with the safety of drug withdrawal and improvements in
prognosis. Antiviral treatment suppresses HBV DNA replication, drug
withdrawal leads to relapse, and long-term treatment causes drug safety and
resistance issues. Although hepatitis B e antigen seroconversion based on HBV
DNA inhibition is considered as “a satisfactory endpoint”, drug withdrawal still
leads to high relapse rates. Hepatitis B surface antigen (HBsAg) clearance is the
“ideal endpoint” in terms of the safety of drug withdrawal and improvements in
prognosis. However, the HBsAg clearance rate is low using the conventional
single drug treatment and fixed course regimens. Recently, the application of an
“optimized antiviral treatment strategy” has improved the HBsAg clearance rate,
and make an “ideal endpoint” possible. This article reviews the different antiviral
treatment endpoints in terms of the safety of drug withdrawal, improvements in
prognosis and relevant advances.

Key words: Chronic hepatitis B; Antiviral treatment endpoint; Safety; Prognosis
improvement; Hepatitis B surface antigen clearance
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Core tip: Different antiviral treatment endpoints have different degrees of improvement
in disease prognosis. Hepatitis B surface antigen (HBsAg) clearance has been
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recommended as an optimal endpoint of antiviral treatment by the latest chronic hepatitis
B management guidelines. It can not only lead to safer drug withdrawal but also
significantly improves prognosis. However, HBsAg clearance rate is low using the
conventional single drug treatment and fixed course regimens. So individualized
treatment strategies should be implemented according to the specific conditions of
patients. This article reviews the different antiviral treatment endpoints in terms of the
safety of drug withdrawal, improvements in prognosis and how to improve HBsAg
clearance.

Citation: Wu YL, Shen CL, Chen XY. Antiviral treatment for chronic hepatitis B: Safety,
effectiveness, and prognosis. World J Clin Cases 2019; 7(14): 1784-1794
URL: https://www.wjgnet.com/2307-8960/full/v7/i14/1784.htm
DOI: https://dx.doi.org/10.12998/wjcc.v7.i14.1784

INTRODUCTION
Chronic hepatitis B (CHB) is the main cause of liver cirrhosis and hepatocellular
carcinoma (HCC). The annual incidence of liver cirrhosis is 2%-10%[1], and the annual
incidences of HCC are 0.5%-1% for patients without liver cirrhosis and 3%-6% for
patients with liver cirrhosis[2-4].  The prognosis of patients has improved with the
advent of effective antiviral treatment. Currently, the goal of CHB antiviral treatment
is to alleviate liver inflammation and necrosis and reduce the incidences of liver
cirrhosis, HCC, and other complications through maximal and long-term inhibition of
HBV replication[5]. Covalently closed circular DNA (cccDNA) is a replication template
of HBV. It can transcribe 3.5 kb, 2.4 kb, 2.1 kb and 0.7 kb mRNA, of which 3.5 kb is
pre-genomic RNA (pgRNA), which can reverse transcribe into DNA. At present,
antiviral drugs can not directly act on cccDNA, which makes it difficult to eradicate.
Therefore,  long-term  or  even  indefinite  drug  maintenance  therapy  is  needed.
Considering  issues  of  drug  safety,  financial  costs  and  patients’  desire  for  drug
withdrawal,  the  major  guidelines  in  China  and  other  countries  have  proposed
different antiviral treatment endpoints based on these considerations[5-8]. However,
currently,  a  large  number  of  studies  have  confirmed  that  the  safety  of  drug
withdrawal and improvements in prognosis for different treatment endpoints are
different.

Previous studies mainly focus on improving the hepatitis B e antigen (HBeAg)
seroconversion rate based on HBV DNA inhibition to achieve drug withdrawal and
reduce relapse. Guidelines, including Guidelines for the prevention and treatment of
chronic  hepatitis  B:  A  2015  update[5]  by  the  Chinese  Society  of  Hepatology  and
Chinese  Society  of  Infectious  Diseases,  still  propose  to  extend  antiviral  and
consolidating  treatments  to  reduce  relapse  after  drug  withdrawal.  However,
extending treatment fails to fundamentally solve the problem, and patients still have a
high relapse rate after drug withdrawal. In a study by Chaung et al[9],  39 patients
achieved HBeAg seroconversion after nucleos(t)ide analogue (NA) treatment and
were subsequently treated with a consolidation treatment of 12 mo (1-55 mo). After
drug withdrawal,  90% of the patients had viral  relapses,  among whom 38% had
clinical relapses. The relapse rates were 100%, 80% and 89% for the patients with
consolidation treatments < 6 mo, 6-11 mo and ≥ 12 mo, respectively; however, the
differences were not statistically significant (P = 0.34). Additionally, Papatheodoridis
et al[10] systemically evaluated a total of 1716 patients from 25 studies and did not find
any difference in the relapse rate between patients receiving < 12 mo and > 12 mo of
NA consolidation treatment after HBeAg seroconversion (P = 0.928). Therefore, the
focus of antiviral treatment should be changed, and antiviral treatment endpoints
should be reconsidered; the aim should not just be “providing timely help” - treating
the relapse after drug withdrawal- but it should be “making things better”. Hepatitis
B surface antigen (HBsAg) clearance, the ideal endpoint, should be considered for
patients who have undergone effective long-term antiviral treatment.

CHB ANTIVIRAL TREATMENT ENDPOINTS AND SAFETY OF
DRUG WITHDRAWAL
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With the increasing understanding of CHB, the treatment guidelines have also been
corrected  and  modified.  In  the  1960s-1970s,  treatment  focused  on  reducing
transaminase because a normal transaminase level was thought to be a marker for
disease recovery. In the early 1970s, the pathogenesis of HBV and CHB were studied
in depth, and it was recognized that liver inflammation and injury are caused by
immune mechanisms in patients with HBV. The continuous presence and replication
of HBV are important reasons for persistent liver inflammation in HBV patients[11].
Therefore, the key to treatment is pathogen treatment, antiviral treatment. NA and
interferon (IFN), including normal IFNs and pegylated IFNs (Peg-IFNs) are currently
the two most commonly used antiviral drugs.

In 2009, the European Association for the Study of the Liver (EASL) first proposed 3
endpoints for antiviral treatment of CHB: The ideal endpoint was HBsAg clearance, a
satisfactory  endpoint  was  HBeAg  seroconversion,  and  the  next  most  desirable
endpoint was persistent inhibition of HBV DNA replication[12]. At that time, persistent
inhibition of HBV DNA replication and HBeAg seroconversion could be achieved
easily through antiviral treatment; however, HBsAg clearance was unattainable. In
recent years, with the continuous development of CHB antiviral treatment, antiviral
treatment  endpoints  have  also  improved.  Based  on  this,  in  Guidelines  for  the
prevention and treatment of chronic hepatitis B: A 2015 update[5],  high treatment
requirements, including the pursuit of “clinical cure” for suitable patients with CHB,
are proposed. The proposal of this treatment endpoint is closely associated with the
safety of drug withdrawal and improvements in the prognosis of patients.

NAs are currently the most widely used antiviral drugs. They are convenient to
take and have significant inhibition effects on HBV DNA. However, long-term use can
lead to drug resistance and side effects. A study showed that the resistance rate was
as high as 70% following 5 years of lamivudine (LAM) treatment[6]. Long-term use of
adefovir dipivoxil can damage renal function, and telbivudine can increase creatine
kinase levels, leading to muscle pain. The NAs with high barriers to resistance, such
as  entecavir  (ETV)  and  tenofovir  disoproxil  fumarate  (TDF),  have  significantly
reduced drug resistance. However, although patients who use ETV or TDF have good
virologic responses, drug safety should also be considered. A study by Han et al[13]

showed that long-term ETV or TDF treatment reduced the glomerular filtration rate
and caused kidney damage. In particular, the study showed that TDF was 1.6 times
more likely than ETV to cause kidney damage. Moreover, long-term TDF treatment
also increased the risk of hypophosphataemia. Additionally, the long-term usage is
required to maintain clinical efficacy, and drug withdrawal leads to relapse. Liem et
al[14]  showed that long-term application (the average duration of treatment was 8
years) ETV or TDF treatment maintain virologic suppression HBeAg negative CHB,
after  48 wk of  drug withdrawal,  2% of  patients  had HBsAg clearance,  only 24%
maintained a persistent response [negative HBeAg, HBV DNA < 2000 IU/mL and
normal alanine aminotransferase (ALT)], and 74% had virologic relapse (HBV DNA >
2000 IU/mL). Among the patients with virologic relapse, 29% required retreatment
(HBV DNA > 20000 IU/mL or accompanied with ALT > 5 ULN).

When patients with HBeAg-positive CHB have reached a satisfactory treatment
endpoint  after  antiviral  treatment,  patient  conditions  are  relatively  stable.  It  is
generally believed that drug treatment can be withdrawn from patients after a period
of consolidation treatment. However, because the relapse rate after drug withdrawal
is as high as 20%-40%[15] and the mechanism underlying relapse is still not clear, the
updated guidelines suggest extending treatment to reduce relapse. The 2005 Chinese
guidelines for CHB suggest that patients who have achieved HBeAg seroconversion
through NA treatment should undergo 1 year of consolidation treatment[16]. The 2010
guidelines suggest that the total treatment should be at least 2 years[17].  The 2015
guidelines suggest extending consolidation treatment for at least 3 years and that the
total treatment should last at least 4 years[5]. However, current studies are inconsistent
about  whether  extended  treatment  can  reduce  relapse.  Although  the  American
Association for the Study of Liver Diseases does not suggest extending treatment, due
to the high risk of relapse, it suggests close follow-up after drug withdrawal. It also
proposes that HBsAg clearance is a better option, and the patients who have achieved
HBeAg  seroconversion  can  further  seek  HBsAg  clearance[7].  The  2017  EASL
guidelines[6]  also have reinterpreted the previously (2009 and 2012)[12,18]  proposed
“satisfactory endpoint” and changed it to “valuable endpoint”, believing that HBeAg
seroconversion is only partial HBV inhibition through the immune system. Because
the safety of drug withdrawal is uncertain, HBsAg clearance is recommended as the
optimal treatment endpoint for patients with HBeAg-positive or HBeAg-negative
CHB.

It has become the consensus of all major guidelines in China and other countries
that HBsAg clearance is the ideal treatment endpoint for CHB; this is referred to as a
“clinical cure”[5] or “functional cure”[6]. However, currently, the HBsAg clearance rate
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is still very low. The annual spontaneous clearance rate does not exceed 1%[19], and the
clearance rate for patients who have undergone 48 wk of NA or IFN single drug
treatment  is  only  0%-3%[5,20].  Kim et  al[21]  reported  that  among 110  patients  who
achieved HBsAg clearance through NA treatment (with an annual clearance rate of
0.33%),  the  cumulative  relapse  rate  was  11.7% within  a  3-year  follow-up and 2
patients had HCC. Similar to that study, in our study, 238 patients achieved HBsAg
clearance after IFN treatment, and the cumulative relapse rate was 9.7%, with the
majority being HBsAg reversion and/or HBV DNA reversion and only 1 patient
showing clinical relapse. Additionally, liver cirrhosis or HCC was not found during
the follow-up (unpublished data). Therefore, current studies have confirmed that
compared  to  patients  who  achieved  HBV  DNA  inhibition  with  or  without
simultaneous HBeAg seroconversion, HBsAg clearance not only leads to safer drug
withdrawal and longer efficacy but also significantly improves long-term prognosis.
Additionally, in the pursuit of HBsAg clearance, attention should also be paid to the
HBeAg status. HBsAg disappearance does not necessarily indicate that HBeAg is
absent.  Different  HBsAg  response  patterns  could  be  observed  during  HBsAg
clearance[22].  Only  HBsAg clearance  based  on  HBV DNA inhibition  and HBeAg
seroconversion was safe for drug withdrawal. The treatment goals and endpoints of
CHB proposed by domestic and foreign guidelines are shown in Table 1.

ANTIVIRAL TREATMENT ENDPOINTS AND PROGNOSIS
IMPROVEMENT
Currently, large amounts of evidence-based medical data indicate that inhibiting HBV
DNA replication through active antiviral therapy can improve the patient prognosis.
The early REVEAL-HBV study[23]  analyzed the incidence of HCC in patients with
different HBV DNA loads. The study recruited 3653 patients infected with chronic
HBV who did not undergo antiviral treatment. Patients were stratified according to
baseline HBV DNA (copies/mL) levels (< 300, 300-9999, 10000-99999, 100000-999999
and ≥ 1 million), and the average follow-up period was 11.4 years. The results showed
that higher HBV DNA levels were associated with higher annual incidences and
cumulative incidences of HCC. Additionally, if the HBV DNA level was elevated or
reduced during the follow-up compared to that  at  baseline,  HCC incidence also
increased  (P  =  0.01)  or  reduced  (P  <  0.01).  Additionally,  multivariable  analysis
showed that HBV DNA ≥ 10000 copies/mL was an independent predictive factor for
HCC. Does the inhibition of HBV DNA replication through antiviral treatment reduce
the incidence of HCC? A multi-centered, randomized, double-blinded and placebo-
controlled study provided an excellent answer to this question. The 4006 study in
which LAM treatment slowed disease progression[24]  was the first  to compare an
antiviral treatment group and placebo group. The study recruited 651 patients with
decompensated liver cirrhosis, and the average follow-up was 3 years. The results
showed that compared to the placebo group, the antiviral treatment group exhibited
significantly reduced disease progression rates (P < 0.001), Child-Pugh scores (P =
0.02), and incidences of HCC (P = 0.047). Since this study, the importance of antiviral
treatment in improving patient prognosis has been established. Currently, TDF is a
first line antiviral drug for CHB, and relevant studies have made similar conclusions.
In a study of 641 CHB patients receiving TDF treatment, 348 patients underwent liver
biopsy at baseline and 5 years after treatment. The results showed that liver histology
was  improved  in  74%  of  patients  with  liver  cirrhosis  at  baseline  and  that  liver
histology was not aggravated in 96% of patients without liver cirrhosis at baseline[25].
After 8 years of TDF treatment, 14 patients had HCC and the annual incidence of
HCC  was  0.37%.  Compared  with  historical  data,  the  incidence  of  HCC  was
significantly lower than that of non-antiviral patients[26].

HBeAg status affects patient prognosis. A study by Yang et al[27]  recruited 2361
patients with CHB who did not receive antiviral treatment; the total follow-up period
was 18154 patient years. This study found that HBeAg-positive status was a high-risk
factor for HCC. The risk of HCC in patients with an HBsAg-positive HBeAg-positive
status was 6.3 times higher than that of patients with an HBsAg-positive HBeAg-
negative status. Studies have confirmed that HBeAg seroconversion through antiviral
treatment significantly improves patient prognosis. An early study by van Zonneveld
et al[28] recruited 165 patients with HBeAg-positive CHB and found that the prognosis
was improved after only 16 wk of IFN treatment. The median follow-up period was
8.8 years, and 8 patients had HCC, among whom, 6 patients were non-responders.
Multivariable  analysis  showed  that  compared  to  non-responders,  HBeAg
seroconversion could significantly extend patient survival [relative risk (RR) = 0.28,
95% confidence interval (CI): 0.10-0.78] and reduce HCC risk (RR = 0.084, 95%CI: 0.09-
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Table 1  Treatment goals and endpoints of chronic hepatitis B guidelines at home and abroad

Guidelines Time(yr) Treatment goals

Treatment endpoints

persistent
inhibition of HBV
DNA

HBeAg seroconversion HBsAg clearance

European
Association for the
Study of the Liver
(EASL)

2009 Improve quality of
life and survival

Next most desirable
endpoint

Satisfactory endpoint Ideal endpoint

2012 Improve quality of
life and survival

Next most desirable
endpoint

Satisfactory endpoint Ideal endpoint

2017 Improve survival
and quality of life,
prevent mother to
child transmission

Main endpoint Valuable endpoint Optimal endpoint

American
Association for the
Study of Liver
Diseases (AASLD)

2009 Improve prognosis - - -

2016 Decrease the
morbidity and
mortality

- Intermediate endpoint Best predictor of
sustained remission

2018 Reduce risk of
progression to
cirrhosis and liver-
related
complications

- - “Functional cure” or
“Resolved CHB”

Chinese guidelines
for the prevention
and treatment of
chronic hepatitis B

2005 Improve quality of
life and survival

- - -

2010 Improve quality of
life and survival

- - -

2015 Improve quality of
life and survival

Basic endpoint Satisfactory
endpoint

Ideal endpoint (“clinical cure”)

HBeAg: Hepatitis B e antigen; HBsAg: Hepatitis B surface antigen.

0.75). A study by Lin et al[29] recruited 466 patients with HBeAg-positive CHB, among
whom 233 patients  underwent  IFN treatment  (11-28 wk)  and the remaining 233
patients did not receive any treatment. At 15 years of follow-up, compared to the
control group, the IFN treatment group had a higher HBeAg seroconversion rate (P =
0.031) and lower incidences of liver cirrhosis and HCC (P = 0.041, P = 0.011). In a
comparison of patients with and without HBeAg seroconversion, the former had
lower risks of liver cirrhosis and HCC (P = 0.023, P = 0.003). As shown in the study,
compared to the control group, the IFN treatment (independent of achieving HBeAg
seroconversion) improved patient prognosis; patients with HBeAg seroconversion
had an even better prognosis.

The above studies confirmed that HBV DNA inhibition and HBeAg seroconversion
can both improve prognosis.  However,  long-term NA maintenance treatment  is
required for patients who only achieve HBV DNA inhibition. HBeAg seroconversion
can not  only  improve  prognosis  but  also  lead to  safe  drug withdrawal  in  some
patients;  therefore,  this  endpoint is  important to achieve in clinical  practice.  For
patients who cannot achieve HBeAg seroconversion, long-term HBV DNA inhibition
should be maintained to delay disease progression and await the development of new
drugs,  which is  also an acceptable option.  Additionally,  different percentages of
relapses were present in patients with HBeAg seroconversion, 20%-40% could revert
to HBeAg-positive CHB and 10%-20% could revert to HBeAg-negative CHB. Even
after converting to inactive HBsAg carriers (IHC), 20%-40% may revert to HBeAg-
negative CHB[15], and HCC incidence and liver-related mortality in these patients were
both higher than those for HBsAg-negative healthy controls (HR = 4.6, 95%CI: 2.3-8.3,
HR = 2.1, 95%CI: 1.1-4.1)[30]. Therefore, HBsAg clearance should be the goal for the
treatment of CHB.

Recent studies have found that the HBsAg levels in patients who have achieved
HBV DNA inhibition and HBeAg seroconversion also affect prognosis. Tseng et al[31]

studied 2688 CHB patients who did not receive antiviral treatment (2165 patients were
HBeAg-negative, and 1068 patients had baseline HBV DNA < 2000 IU/mL), among
whom 191  patients  had  HCC;  the  average  follow-up was  14.7  years.  The  study
showed that for patients who were HBeAg-negative and had baseline HBV DNA <
2000 IU/mL, HBsAg level is the decisive factor for HCC occurrence. The risk of HCC
in patients with baseline HBsAg > 1000 IU/mL is 13.7 times that of patients with
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baseline HBsAg < 1000 IU/mL. If the HBsAg level increased during the follow-up, the
HCC risk also increased. On the other hand, recent studies have shown that achieving
HBsAg clearance not only improves liver tissue but also reduces the incidence of
HCC. In a study of 92 patients with HBsAg clearance and a median follow-up of 126
mo, Yuen et al[32] found that after HBsAg clearance, the transaminase levels of patients
were significantly improved. HBV DNA was not detected in the serum of 98% of
patients.  Among  the  14  patients  who  underwent  liver  tissue  biopsy,  the  liver
histology was very close to that of normal liver tissue. In the study by Kim et al[21],
among 110 CHB patients who achieved HBsAg clearance through NA treatment, with
a total follow-up of 287 patient years, 2 patients had HCC, which was significantly
lower than that of the matched patients without HBsAg clearance (HR = 0.09, P <
0.01).  Additionally,  even  for  patients  with  pre-existing  liver  cirrhosis,  HBsAg
clearance is associated with prognosis. A study by Fattovich et al[33]  recruited 309
patients with decompensated liver cirrhosis confirmed by biopsy, with an average
follow-up of 5.7 years, and found that 32 patients achieved HBsAg clearance, among
whom 1 patient (3%) had HCC and died. Among the patients with persistent positive
HBsAg, 11% had HCC, and 20% died. Compared to patients with persistent positive
HBsAg, patients with HBsAg clearance had a lower risk of HCC (P  = 0.013) and
longer survival (P < 0.001).

However,  it  should  be  noted  that  HBsAg  clearance  does  not  indicate  virus
eradication[34,35]. Due to the presence of cccDNA, it is possible for HBV reactivation in
patients  treated  with  immunosuppressants,  cytotoxic  drugs  and  hormones[36-40].
Therefore,  we refer to HBsAg clearance as a “clinical  cure” or “functional  cure”,
which is the highest treatment endpoint that can be achieved by current treatment
methods.

IMPROVING THE HBSAG CLEARANCE RATE BY
OPTIMIZING ANTIVIRAL TREATMENT
Previous studies concluded that HBsAg level is a marker for determining the safety of
drug withdrawal  after  patients  achieve HBeAg seroconversion.  It  was generally
believed that  drugs  can  be  withdrawn safely  from patients  with  HBsAg <  1000
IU/mL[41-45]. Liu et al[46] systematically reviewed 11 studies comprising 1716 patients,
aiming to determine the effects of HBsAg level on NA withdrawal in Asian CHB
patients. The study found that among patients with HBsAg < 100 IU/mL, after more
than 1 year of drug withdrawal and follow-up, 9.1%-19.6% of patients had virologic
relapse (HBV DNA > 1000 IU/mL), and 15.4%-29.4% patients had clinical relapse
(HBV DNA > 1000 IU/mL, ALT > 2ULN). The results indicated that although HBsAg
is  very  low  in  patients  undergoing  NA  treatment,  the  relapse  rate  after  drug
withdrawal is still high. However, if patients with low levels of HBsAg (e.g., HBsAg <
100 IU/mL) were treated properly, they could achieve HBsAg clearance. Therefore,
the goal of antiviral treatment should not be limited to lack of relapse after drug
withdrawal. HBsAg clearance is the most effective way to reduce relapse and improve
prognosis.

Currently, NA and IFN are the two major antiviral drugs for CHB treatment. NA
inhibits virus replication by acting on virus reverse transcription and can effectively
reduce the HBV DNA load.  However,  NAs have no significant  effect  on HBsAg
clearance[47]. A previous study showed that after 48 wk of antiviral treatment with NA,
the HBsAg clearance rate of HBeAg-positive CHB was 0%-3%[48,49], and that of HBeAg-
negative CHB was 0%[49], which was equivalent to the HBsAg spontaneous annual
clearance rate[20,50]. IFN has both antiviral and immune regulatory functions. IFN not
only prevent infection of new liver cells but also clear infected liver cells, which is
beneficial for HBsAg clearance[47]. However, after 48 wk of antiviral treatment with
Peg-IFN and 24 wk of follow-up, the HBsAg clearance rate of HBeAg-positive CHB
was only 3%-4%[51], and that of HBeAg-negative CHB was 2.8%[52]. These above studies
showed that independent of HBeAg-positive or -negative CHB status, treatments with
a single drug or fixed course led to poor HBsAg clearance. Therefore, exploring and
optimizing antiviral treatment is important for improving the HBsAg clearance rate.

In the PegBeLiver study[53], patients with HBeAg-negative CHB were treated with a
single Peg-IFN with an extended course of 96 wk, and the HBsAg clearance rate was
5.8%.  In  a  study  by  Marcellin  et  al[54],  patients  were  treated  with  a  “powerful
combination” of TDF and Peg-IFN for 48 wk; follow-up at the 24th  wk after drug
withdrawal showed that the HBsAg clearance rate was 9.1%. In the ARES study[55],
HBeAg-positive CHB patients were divided into two groups after  24 wk of  ETV
treatment. Patients were treated with Peg-IFN combined with ETV or ETV alone for
another  24  wk.  The results  showed that  the  response rate  in  the  Peg-IFN group
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increased more rapidly than that in the ETV group alone. A study by Cao et al[56] used
the combination and extended treatment method and found that the HBsAg clearance
rate was as high as 25.5% in patients with HBeAg-positive CHB and 28% in patients
with  HBeAg-negative  CHB[57]  at  the  96th  wk.  These  above  studies  indicate  that
extended  treatment,  combined  treatment  or  extended  treatment  together  with
combined  treatment  can  improve  treatment  effectiveness.  However,  treatment
efficacy does not improve with an extended treatment course. Even patients who
respond well  to IFN are not able to tolerate the adverse effects of  IFN. Recently,
Chinese researchers have conducted studies on NA treated patients. In the OSST
study[58], patients with HBeAg-positive CHB who had received ETV, with HBeAg <
100 IU/mL,HBV DNA ≤ 1000 copies/mL, were subjected to Peg-IFNα-2a or ETV
treatments for 48 wk, and the HBsAg clearance rates were 8.5% and 0%, respectively.
Further subgroup analysis showed that the HBsAg clearance rate was as high as
22.2% at  the 48th  wk of  Peg-IFNα-2a treatment in patients with baseline HBeAg-
negative and HBsAg < 1500 IU/mL and only 1.7% for patients with baseline HBsAg ≥
1500 IU/mL. The New Switch study[59]  is  an open clinical  study actively seeking
HBsAg clearance, and the subjects are patients with HBeAg- positive who achieved
HBV DNA inhibition and HBeAg seroconversion after NA treatment. The patients
were divided into two Peg-IFN sequential treatments: One for 48 wk and the other for
96 wk. The results showed that the HBsAg clearance rates for the 48-wk group and 96-
wk group were 14.4% and 20.7%, respectively, among which the HBsAg clearance
rates of patients with baseline HBsAg < 1500 IU/mL and ≥ 1500 IU/mL were 26.5% vs
4.7% (48 wk) and 40.0% vs  3.8% (96 wk), respectively. These studies suggest that
patients  undergoing  NA  treatment  can  achieve  high  HBsAg  clearance  rates  by
combining IFN treatment. An extended treatment course leads to better effectiveness,
and patients with baseline HBsAg < 1500 IU/mL are the “advantageous population”
who achieves HBsAg clearance.

In our previous study of 107 patients with HBeAg-negative CHB, the patients
underwent 96 wk of Peg-IFN combined with NA treatment and were followed up for
120 wk to assess effectiveness. We found that 31 patients (28.9%) achieved HBsAg
clearance[60]. Further retrospective analysis of these patients showed that low levels of
baseline HBsAg and the HBsAg level at the 48th wk were favourable predictors of
HBsAg clearance. When the patients were divided according to nodal levels, the 96th

wk HBsAg clearance rates of patients with HBsAg ≤ 1000 IU/mL, ≤ 100 IU/mL and ≤
10 IU/mL at the end of the 48th wk were 36.1%, 52.8%, and 67.7%, respectively. When
patients were divided according to interval levels, the 96th wk HBsAg clearance rates
of  patients  with  HBsAg levels  at  the  48th  wk within 100  IU/mL< HBsAg ≤ 1000
IU/mL, 10 IU/m < HBsAg ≤ 100 IU/mL and HBsAg ≤ 10 IU/mL were 6.7%, 31.8%,
and 67.7%, respectively[61]. Our results indicate that division by the “interval level”
eliminates the population overlap caused by the division of the “nodal level” and
more accurately predicts HBsAg clearance. Therefore, we believe that NA combined
with Peg-IFN treatment in patients with HBsAg ≤ 100 IU/mL at the end of the 48th wk
has a high possibility of HBsAg clearance at the 96th wk. This patient population have
high chances of HBsAg clearance and are the “advantageous population” for HBsAg
clearance. Therefore, on the basis of previous studies, we proposed a “targeted and
indefinite course of treatment strategy” for patients with low HBsAg level, namely
NA based treatment regimen plus IFN in stages. Through each stage of combined
treatment,  the promotion rate of  the “advantageous population” is  continuously
increased,  and  the  overall  HBsAg  clearance  rate  is  finally  improved.  Different
antiviral treatment regimens are summarized as follows (Figure 1).

Of course, the concept of an “advantageous population” is not contradictory to the
“advantageous population” mentioned above. The “advantageous population” from
the above study is based on treating CHB patients with NA, and the “advantageous
population”  from  our  study  is  the  patients  who  would  benefit  from  extended
treatment at the end of 48-week Peg-IFN treatment. Additionally, the HBsAg level is
the predictive indicator for treatment efficacy. We should also ensure safety during
the treatment to seek HBsAg clearance.

CONCLUSION
In  summary,  different  antiviral  treatment  endpoints  have  different  degrees  of
improvement in disease prognosis, and currently, HBsAg clearance is the ultimate
goal of antiviral treatment. HBsAg clearance not only leads to biochemical, virologic
and liver histological improvements but also reduces the risk of HCC. However, it is
difficult to obtain a high HBsAg clearance rate with the existing single drug (NA or
IFN) and fixed course of treatment, while the “advantageous population” in different
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Figure 1

Figure 1  Pattern of different antiviral treatment regimens. IFN: Interferon; NA: Nucleos(t)ide analogue.

studies can obtain a relatively higher HBsAg clearance rate. Therefore, in the pursuit
of  “clinical  cure”,  individualized  treatment  strategies  should  be  implemented
according to the specific conditions of patients, in which both effectiveness evaluation
and safety monitoring should be carried out.
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