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Abstract
Chronic infection with hepatitis B virus (HBV) leads to 
the development of hepatocellular carcinoma and/or 
chronic liver failure. Despite extensive research, the im-
munopathogenesis is not completely understood. Viral 
persistence and clinical outcomes following HBV infec-
tion depend on viral factors and host factors; including 
genetic factors that determine a host’s immune mecha-
nisms. The primary goal of chronic hepatitis B (CHB) 
treatment is to eradicate HBV or to at least maintain 
suppression of HBV replication. Despite recent advances 
in anti-viral agents for chronic HBV infection, complete 
eradication of the virus has been difficult to achieve. 
Agents for the treatment of CHB are divided mainly into 
two groups: immunomodulating agents and antiviral 
nucleos(t)ide analogues (NAs). Although NAs are safe, 
effective and easily administered orally, their long-term 
use poses the risk of drug resistance. Currently, inter-
national evidence-based guidelines have been devel-
oped to support physicians in managing CHB patients. 
However, treatment of patients with drug resistance is 
still challenging, as only a few classes of anti-HBV drugs 
are available and cross-resistance between drugs can 
occur. In addition, as the currently available genotypic 

test for detection of drug resistance still has limitations 
in identifying the different substitutions present in the 
same viral genome, the development of a new virologic 
test to overcome this limitation is necessary. Among the 
predictive factors associated with response to pegylat-
ed interferon (PEG-IFN) therapy, hepatitis B surface 
antigen quantification is considered to be a surrogate 
marker for monitoring response to PEG-IFN. Current 
practice guidelines stress the importance of profound 
and durable HBV viral suppression in the treatment of 
CHB patients. To this end, it is essential to choose a 
potent antiviral drug with a low risk of resistance for 
initial treatment of CHB to achieve sustained virological 
response. This review highlights recent advances in the 
understanding of the immunopathogenesis of HBV and 
currently available and developing treatment strategies 
against HBV infection. 
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Core tip: The primary goal of chronic hepatitis B (CHB) 
treatment is to eradicate hepatitis B virus (HBV) or to 
at least maintain suppression of HBV replication. To this 
end, it is essential to better understand the immuno-
pathogenesis of CHB, although it has yet to be further 
elucidated. More practically, it is of great importance to 
choose a potent antiviral drug with a low risk of resis-
tance for initial treatment of CHB to achieve sustained 
virological response. This review highlights recent 
advances in the understanding of the immunopatho-
genesis of HBV and currently available and developing 
treatment strategies for HBV infection. 
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INTRODUCTION
Hepatitis B virus (HBV), a member of  the family Hepad-
naviridae, has a 3.2 kb-partially double-stranded circular 
DNA genome comprised of  4 open reading frames (ORF) 
that encode Core proteins (Core and preCore), surface 
antigen proteins (PreS1, PreS2, and S), reverse transcrip-
tase (Pol protein) and X protein. HBV is a non-cytopathic 
virus that induces liver damage via immunopathogenesis[1]. 

Despite the introduction of  prophylactic vaccines 
against HBV in the early 1980s, it is estimated that there 
are still more than 350 million chronic HBV carriers 
worldwide[2], a high percentage of  whom will eventually 
develop liver cirrhosis or hepatocellular carcinoma (HCC). 
The natural history of  chronic HBV infection is generally 
divided into four phases: (1) immune tolerant phase; (2) 
immune clearance phase; (3) low replicative or inactive 
carrier stage; and (4) reactivation phase[1,3]. Recent studies 
have shown that progression to liver cirrhosis and HCC 
in patients with chronic HBV infection is significantly 
associated with circulating HBV-DNA levels[4,5]. Thus, 
antiviral therapy against HBV is critical to prevent the 
progression to cirrhosis or development of  HCC. The 
primary goal of  CHB treatment is to eradicate HBV or 
to at least maintain a suppressed state of  HBV replica-
tion. However, antiviral therapy is not recommended for 
patients in the immune tolerant phase, which is character-
ized by high HBV-DNA levels with positive hepatitis B 
e antigen (HBeAg), but normal alanine aminotransferase 
(ALT) level and minimal necroinflammation. In general, 
antiviral therapy is considered for patients in the immune 
clearance phase and the reactivation phase of  chronic 
HBV infection. 

Since the introduction of  interferon (IFN)-α as the 
first approved agent for HBV infection in the early 90’
s, remarkable advances have been made in the treatment 
of  CHB. Agents for the treatment of  CHB are divided 
mainly into two groups according to their mechanism of  
action: (1) agents with immunomodulatory and antiviral 
effects, such as IFN or peglyated IFN (PEG-IFN); and 
(2) oral nucleos(t)ide analogues (NAs) such as nucleoside 
analogues including lamivudine (LAM), telbivudine (LdT), 
clevudine and entecavir (ETV) and nucleotide analogues 
including adefovir dipivoxil (ADV) and tenofovir dipiv-
oxil fumarate (TDF). These NAs can be divided into sub-
classes based on their structural similarities: L-nucleoside 
analogues (LAM, LdT and Clevudine); alkyl phospho-
nates (ADV and TDF); and D-cyclopentane (ETV).

The main difference between immunomodulatory 
agents and NAs is that PEG-IFN has the advantage of  a 
finite duration of  use, whereas the use of  NA inhibitors 
is indefinite. The major drawback of  PEG-IFN is its high 
frequency of  adverse events. Long-term use of  NAs, on 
the other hand, poses the risk of  drug resistance. They 
are, however, safe, effective and easily administered orally. 
The number of  patients having a virological response 
after a cycle of  IFN therapy is lower compared with pa-
tients reaching the suppression of  viral replication with 
new NAs. However, IFN therapy has higher rates of  

HBeAg seroconversion and hepatitis B surface antigen 
(HBsAg) loss than NAs. Treatment strategies with PEG-
IFN or a NA are intended to achieve a sustained off-
treatment virological response. A 48-wk course of  PEG-
IFN is mainly recommended for HBeAg-positive CHB 
patients with the best chance of  HBeAg seroconversion. 
It can also be administered in HBeAg-negative CHB pa-
tients. Unlike NAs, PEG-IFN potentially offers a chance 
of  sustained off-treatment response after a finite duration 
of  therapy in HBeAg-negative patients. For HBeAg-posi-
tive CHB patients, NA therapy can be stopped after addi-
tional 12 mo following HBeAg seroconversion, whereas 
long-term use of  NA is needed due to a high rate of  off-
therapy relapse in HBeAg-negative patients, in whom the 
ideal end point is HBsAg loss.

LAM, the first approved oral NA for hepatitis B treat-
ment, had been widely used and is a safe and effective 
drug, however, it has been excluded from most recent in-
ternational guidelines as a first-line antiviral agent against 
HBV due to the emergence of  drug-induced mutant 
HBV. The frequency of  the development of  genotypic 
resistance was reported to be up to 60%-70% after 5 
years of  LAM therapy[6,7]. In order to achieve more cura-
tive antiviral effects, new therapeutic approaches, such as 
combination therapies using an antiviral and an immuno-
modulating agent or multiple antiviral agents used togeth-
er, have been tried to address this problem, but evidence 
demonstrating that combination therapy is superior to 
monotherapy is still lacking[8,9]. 

The development of  a new antiviral agent or op-
timized therapeutic approaches that can eradicate the 
virus and not only achieve control of  viral replication, 
should be the focus of  future work in the management 
of  CHB. To this end, it is essential to understand the im-
munopathogenesis of  HBV and the mechanisms of  viral 
persistence and drug-induced resistance. The following 
summarizes recent advances in the understanding of  the 
immunopathogenesis of  HBV and currently available 
and developing optimized antiviral strategies therapies for 
HBV infection. 

IMMUNOPATHOGENESIS
HBV infection in humans results in various clinical out-
comes depending on the age of  the patient at the time of  
infection: 90% of  individuals infected via vertical or peri-
natal transmission develop chronically evolving hepatitis, 
while 90% of  individuals infected via horizontal transmis-
sion during adulthood recover[1]. Viral persistence and 
clinical outcomes following HBV infection depend on 
viral factors and host factors; including genetic factors 
that determine a host’s immune mechanisms[10]. 

The innate immune response controls initial infection 
during the early phases of  viral infection. Various com-
ponents, such as natural killer (NK) cells, natural killer T 
(NKT) cells, dendritic cells, cytokines, chemokines and 
toll-like receptor (TLR) contribute to this nonspecific 
innate immune response[11]. Type 1 IFNs produced by 
infected cells also play an important role in the inhibition 
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of  viral replication early on, but do not provide long-term 
protective immunity against viruses[11]. Dysfunction of  the 
innate immune response in the immune tolerant phase 
may be explained by previous studies which showed that 
HBV suppress TLR-mediated innate immune responses 
in murine non-parenchymal liver cells[12] and HBeAg 
reduces TLR2 expression on hepatocytes, Kupffer cells 
(KCs) and peripheral monocytes in patients with CHB[13]. 
On the other hand, in the immune clearance phase, NK 
cell activation induces tumor necrosis factor (TNF)-related 
apoptosis-inducing ligand (TRAIL)-mediated death of  he-
patocytes in CHB, leading to liver injury[14]. Interestingly, 
a recent study by Zhang et al[15] demonstrated that periph-
eral CD16+ monocytes in chronic HBV infection are 
selectively recruited into the liver, where they are highly 
activated and produce pro-inflammatory cytokines and in-
duce Th17 cells to initiate destructive immune responses.

Major histocompatibility complex (MHC) class-I 
restricted CD8+ T-cells and MHC class-Ⅱ restricted 
CD4+ T-cells have been shown to play key roles in the 
adaptive cellular immune response against HBV. Studies 
have shown that individuals who demonstrated sponta-
neous recovery from HBV infection mount a vigorous, 
multi-specific T-cell response against HBV antigens. 
Chronic HBV carriers mount a defective T-cell response, 
which is characteristically weak and mono-specific, and 
go on to develop chronic liver diseases such as liver cir-
rhosis and HCC[16,17]. CD8+ T cells cause the lysis of  
HBV-infected hepatocytes through cytolytic and non-
cytolytic mechanisms[18]. The cytolytic mechanism was 
demonstrated in HBV-transgenic mouse models that 
express HBV antigens in the liver[19,20]. These transgenic 
mice are tolerant of  self-HBV antigens, and notable liver 
damage does not develop. However, when cytotoxic 
T-cells from one of  these transgenic mice are introduced 
into syngenic mice, significant acute liver injury that 
resembles acute hepatitis B in humans occurs[21]. The 
lysis of  HBV-infected hepatocytes occurs via perforin or 
Fas systems which lead to viral clearance. Non-cytolytic 
mechanisms are mediated by some specific cytokines, 
such as IFN-γ and tumor necrosis factor (TNF)-α which 
selectively degrade replicating genomes of  HBV without 
killing infected cells[21,22]. Since HBV is a non-cytopathic 
virus, it must be able to either evade or overwhelm anti-
viral immune responses. Most neonates who are infected 
via vertical transmission from their mothers develop 
chronically evolving hepatitis through neonatal tolerance. 
Explanations for this neonatal tolerance involve the im-
mature immune system of  neonates and the immuno-
modulating effects of  excessively secreted HBeAg in pe-
ripheral blood. This tolerating effect of  HBeAg has been 
well demonstrated in HBV transgenic mice[23]. In addi-
tion, studies have shown that cytotoxic T cell responses 
in patients with chronic HBV infection occur less vig-
orously than those with acute hepatitis B, even if  they 
have a high viral load in the peripheral blood[16]. This low 
cytotoxic T cell response is responsible for the induction 
of  peripheral tolerance or the exhaustion of  the T cell 

response due to a high viral load[24]. Moreover, antigen 
persistence is a major factor driving the functional altera-
tion of  HBV-specific T cells, and thus antigen removal 
to allow T cell resting can be an essential requirement for 
the functional reconstitution of  antiviral T cell respons-
es[25]. The hyporesponsiveness of  HBV-specific CD8+ T 
cells results in decreased cytotoxicity, proliferation, and 
production of  anti-viral cytokines; including TNF-α and 
interleukin-2 (IL-2), which are responsible for eradicat-
ing the virus during chronic infection[26,27]. In addition 
to HBV-specific T cells, NK cells, NKT and macro-
phages can inhibit HBV replication by producing IL-12 
and nitric oxide[28]. The other factors influencing HBV-
specific tolerance include the immunoregulatory effects 
of  CD4+ CD25+ FoxP3+ regulatory T cells (Tregs) and 
the dysfunction of  dendritic cells[29]. Tregs suppress ef-
fector T cells, which impair the immune response. Thus, 
a change in number or function could cause a decrease 
in anti-viral immunity in chronic HBV carriers. Studies 
on the frequency of  circulating Tregs in chronic HBV 
carriers have yielded conflicting results-both increased[30] 
and decreased[31] frequencies have been observed. How-
ever, depletion of  Tregs increased the function of  HBV 
specific T-cells, even though such modulation was not 
necessarily HBV-specific[30,31]. Hence, the role of  Tregs 
in the immunopathogenesis of  HBV should be further 
clarified.

Although the immunomodulatory effect of  chronic 
HBV infection on dendritic cell function is poorly un-
derstood, recent studies suggest that dysfunction of  
dendritic cells may contribute to inhibition of  the anti-
viral immune response, leading to viral persistence and 
progressive liver disease in chronic HBV carriers[32]. In 
addition, recent studies have shown that the programmed 
death-1 (PD-1) inhibitory receptor is involved in the im-
pairment of  virus-specific CD8 T-cell function in chronic 
viral infections in mice and humans[33,34]. Little data is 
available on the association between PD-1 expression 
and HBV-specific CD8+ T cells, but a recent study has 
demonstrated that the increase in HBV-specific CD8+ 
T cell proliferation correlates with the downregulation 
of  PD-1[35]. Based on these experiments, it can be sur-
mised that blocking the activation of  PD-1 can restore 
exhausted virus-specific CD8+ T cells and thus lead to 
a promising strategy for treating chronic HBV infec-
tion. Cytotoxic T cells play a crucial role in controlling 

viral replication, but selection for viral escape mutations 

in targeted T-cell epitopes may limit their effectiveness. 
However, viral escape mutants in HBV have rarely been 
reported, even in cases of  CHB[36], with the exception of  
a few reports which demonstrated that viral mutations 
abrogate, energize or antagonize antigen recognition by 
virus-specific T cells[37,38]. Other possible mechanisms 
leading to HBV persistence include the infection of  im-
munologically privileged sites, viral inhibition of  antigen 
presentation and downregulation of  viral gene expres-
sion[24]. The immune responses against HBV and its regu-
lation are summarized in Figure 1.
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histological findings and patient compliance. Although 
recommendations for the management of  chronic HBV 
infection are similar between regional guidelines, there are 
some differences regarding the levels of  HBV-DNA and 
ALT, examination of  liver biopsy prior to treatment for 
CHB and liver cirrhosis (Table 1). Among currently avail-
able antiviral agents including the standard IFN, PEG-
IFN, LAM, ADV, LdT, ETV, TDF and clevudine, PEG-
IFN-based therapy, ETV and TDF are recommended for 
naïve patients with CHB according to the regional guide-
lines. For patients with liver cirrhosis, however, AASLD 
guidelines recommend ETV, TDF or the combination of  
LAM (or LdT) and ADV, while EASL and APASL guide-
lines recommend ETV and TDF for decompensated 
liver cirrhosis, and to consider IFN-based therapy for 
compensated liver cirrhosis. On the other hand, antiviral 
therapy is not recommended for patients in the immune 
tolerant phase or the inactive carrier state as disease pro-
gression is rare in these phases, and treatment would in-
duce an undue risk of  developing drug resistance in such 
patients.

UPDATE ON THE TREATMENT OF 
CHRONIC HEPATITIS B
The ultimate goal of  antiviral therapy for CHB is to pre-
vent progression to cirrhosis or HCC via eradication of  
HBV or persistent viral suppression. The ideal end point 
of  antiviral therapy is the achievement of  either HBsAg 
seroconversion or HBsAg loss. Therefore, antiviral treat-
ment is recommended for patients with chronic HBV 
infection who are at risk of  developing liver failure or 
for those with advanced liver diseases[39,40]. Regional clini-
cal practice guidelines for the treatment of  patients with 
chronic HBV infection have recently been developed and 
updated: American Association for the Study of  Liver 
Disease (AASLD) in 2009[40], The Asian Pacific Associa-
tion for the Study of  the Liver (APASL) in 2012[39] and 
European Association for the Study of  the Liver (EASL) 
in 2012[41]. In deciding upon an appropriate treatment 
plan for patients with chronic HBV infection, careful 
consideration must be given to the degree of  liver disease, 
laboratory data, including biochemical and viral levels, 
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Figure 1  Summary of the innate immune response and cellular immune response against hepatitis B virus. Natural killer (NK) cells, natural killer T (NKT) cells, 
dendritic cells, cytokines, chemokines and toll-like receptor (TLR) contribute to the innate immune response against hepatitis B virus (HBV). Also, NK cells, NKT and 
macrophages can inhibit HBV replication by producing interleukin (IL)-12 and nitric oxide. Dysfunction of the innate immune response in the immune tolerant phase 
may be explained by this process. However, HBeAg reduces TLR2 expression on hepatocytes, Kupffer cells and peripheral monocytes. Moreover, NK cell activation 
induces TRAIL-mediated death of hepatocytes in CHB, leading to liver injury. Chronic HBV carriers mount a defective T-cell response. CD8+ T cells cause the lysis 
of HBV-infected hepatocytes through cytolytic and non-cytolytic mechanisms. Non-cytolytic mechanisms are mediated by some specific cytokines, such as interferon 
(IFN)-γ and tumor necrosis factor (TNF)-α which selectively degrade replicating genomes of HBV without killing infected cells. In CHB, Tregs suppress effector T cells, 
which impair the cellular immune response. The programmed death-1 (PD-1) inhibitory receptor is involved in the impairment of virus-specific CD8 T-cell function.
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Pegylated interferon
The most important advantage of  PEG-IFN use in clini-
cal practice is finite duration of  treatment. In addition, 
the antiviral response is more durable with higher HBeAg 
seroconversion and HBsAg seroconversion after treat-
ment compared with NAs. However, frequent adverse 
events, low degree of  compliance due to injection-related 
problems[41] such as flu-like symptoms, neutropenia, 
thrombocytopenia, decreased appetite, abdominal dis-
comfort, rash, pruritus, alopecia, thyroiditis, injection-site 
reaction and depression, and high costs are considered 
to be some of  its drawbacks. Although PEG-IFN does 
not result in marked DNA suppression during treatment, 
it has shown to induce delayed post-treatment anti-viral 
benefits. In two randomized clinical trials (RCT) inves-
tigating the efficacy and safety of  PEG-IFN-α-2a in 
HBeAg positive CHB patients, the HBeAg seroconver-
sion rate at the end-of-treatment was approximately 30% 
of  cases. This virological response increased during the 
period of  follow-up, reflecting post-treatment delayed 
immune responses[42,43]. In addition, 83% of  patients 
who achieved seroconversion during treatment or early 
post-treatment had a sustained response at 12 mo post-
treatment[43]. Decreasing the viral load by NA treatment 
prior to an immune modulator may be a rational strat-
egy to achieve a more effective viral response given that 
simultaneous combination therapies have not shown a 
superior viral response. However, in both of  the above-
mentioned RCTs, simultaneous combination therapy with 
PEG-IFN-α-2a plus LAM was not superior to mono-

therapy with PEG-IFN-α-2a. Previous clinical studies 
on the antiviral efficacy of  LAM followed by PEG-IFN 
therapy compared with placebo followed by PEG-IFN 
in HBeAg-positive CHB patients demonstrated that se-
quential therapy of  LAM and PEG-IFN improved sus-
tained virological response as compared with the control 
group[44]. However, in another sequential therapy regimen 
using ETV and PEG-IFN, there was no significant dif-
ference in HBeAg and HBsAg seroconversion between 
ETV plus PEG-IFN sequential therapy and sustained 
ETV monotherapy in HBeAg-positive CHB patients[45]. 
This hypothesis requires testing in large randomized clini-
cal trials.

Factors that predict response to PEG-IFN therapy 
are an area of  extensive investigation. These factors in-
clude serum HBV-DNA, ALT and HBsAg levels, HBV 
genotype and IL28 polymorphisms[40,41,43,46]. ALT flares 
(> 2-5 times the upper limit of  normal) during IFN 
treatment reflecting enhanced host immune response[47] 
as well as low HBV-DNA are widely accepted as predic-
tors for viral response to PEG-IFN therapy[40,48]. Studies 
have failed to find an association between HBV genotype 
and response after PEG-IFN therapy such as the phase 
Ⅲ study conducted by Piratvisuth et al[43] and the NEP-
TUNE study by Liaw et al[49] which found no significant 
difference in HBeAg seroconversion between HBV gen-
otype B and C groups 24 wk post-PEG-IFN treatment. 
Baseline HBsAg levels were associated with significantly 
different responses to PEG-IFN therapy in both studies. 
In addition, a recent study of  HBeAg-positive CHB pa-

Table 1  Indications for treatment and recommended strategy for chronic hepatitis B

AASLD 2009 EASL 2012 APASL 2012

HBeAg positive hepatitis Indications for 
treatment 

HBV DNA > 20000 IU/mL and 
ALT > 2 × ULN 

HBV DNA > 2000 IU/mL and 
ALT > ULN 

HBV DNA > 20000 IU/mL and 
ALT > 2 × ULN 

Biopsy 
recommended1 

HBV DNA >20000 IU/mL and 
ALT 1-2 × UNL especially if age 
> 40 yr or family history of HCC 

HBV DNA > 2000 IU/mL and 
Age > 30 yr or family history of 

HCC 

HBV DNA > 20000 IU/mL or 
high normal or minimally raised 

ALT and age > 40 yr 
Preferred drugs for 

naïve patients 
PEG-IFN, ETV, TDF PEG-IFN, ETV, TDF IFN-based therapy, ETV, TDF 

HBeAg negative hepatitis Indications for 
treatment 

HBV DNA >20000 IU/mL2 and 
ALT > 2 × ULN 

HBV DNA > 2000 IU/mL and 
ALT > ULN 

HBV DNA > 2000 IU/mL and 
ALT > 2 × ULN 

Biopsy 
recommended1 

HBV DNA >2000 IU/mL and 
ALT 1- > 2 × UNL 

Unmentioned HBV DNA > 2000 IU/mL or high 
normal or minimally raised ALT 

and age > 40 yr 
Preferred drugs for 

naïve patients 
PEG-IFN, ETV, TDF PEG-IFN, ETV, TDF IFN-based therapy, ETV, TDF 

Liver cirrhosis Indication for 
treatment 

Compensated: HBV DNA >2000 
IU/mL; consider treating HBV < 

2000 IU/mL if ALT > UNL
Decompensated: any detectable 

HBV DNA 

Any detectable HBV DNA Compensated: HBV DNA > 2000 
IU/mL

Decompensated: any detectable 
HBV DNA 

Preferred drugs for 
naïve patients 

Combination of LAM (or LDT) 
and ADV, ETV, TDF 

Compensated: PEG-IFN, ETV, 
TDF

Decompensated: ETV, TDF 

ETV, TDF (consider also IFN-
based therapy if compensated LC 

and ALT < 5 × UNL) 

1Consider treatment if moderate to severe inflammation or significant fibrosis is shown on liver biopsy; noninvasive methods may be useful in EASL 
and APASL guidelines; 2Treatment may be considered in patients with HBV DNA 2000-20000 IU/mL, particularly if they are older or have cirrhosis.
AASLD: The American Association for the Study of the Liver Diseases; EASL: European Association for the Study of the Liver; APASL: The Asian Pacific 
Association for the Study of the Liver; ULN: Upper limit of normal; PEG-IFN: Pegylated interferon; ETV: Entecavir; TDF: Tenofovir; IFN: Interferon; LAM: 
Lamivudine; LDT: Telbivudine; ADV: Adefovir.
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tients treated with PEG-IFN showed that HBsAg levels 
can be confidently used to guide therapy decisions and 
that discontinuation of  PEG-IFN treatment is indicated 
in all patients with HBsAg levels > 20000 IU/mL after 
24 wk of  PEG-IFN therapy[46]. 

An IL28B polymorphism is associated with favorable 
viral response events such as HBeAg and HBsAg loss 
or seroconversion in HBeAg-positive CHB patients[46,50]. 
Furthermore, it was demonstrated that the HBsAg se-
roconversion rate in HBeAg-negative CHB patients was 
significantly higher in the IL28B CC group than in the 
non-CC group after a median of  11 years follow-up[51]. In 
contrast, no significant difference in HBeAg seroconver-
sion rate was observed between the TT group and non-
TT group of  the IL28B in another study[52]. 

The levels of  serum HBeAg may be considered as a 
predictive factor for response to PEG-IFN therapy. A re-
cent study by Fried et al[53] showed that levels of  HBeAg 
consistently decreased during treatment in patients who 
achieved HBeAg seroconversion and remained at their 
lowest level during the 24 wk of  post-treatment follow-
up. Taken together, lower HBV-DNA levels, higher ALT 
levels and lower HBsAg levels are considered strong 
candidate predictive markers of  favorable response to 
PEG-IFN therapy. However, HBV genotype and IL28B 
polymorphisms still have limited application as useful 
predictive biomarkers of  response to PEG-IFN therapy. 
Further RCTs on this issue are needed.

Nucleos(t)ide analogues
LAM: Although LAM is the first approved oral antiviral 
agent against HBV, the emergence of  drug-resistant tyro-
sine-methionine-aspartate-aspartate (YMDD) mutants has 
been a major hindrance to long-term LAM treatment. The 
frequency of  genotypic resistance was reported to be as 
high as 60%-70% after 5 years of  treatment[6,7]. Therefore, 
it is no longer recommended as the first-line treatment for 
CHB patients in the current international guidelines, but 
it may be recommended in combination therapies with 
ADV or TDF for liver cirrhosis[40].

ADV: ADV is the acyclic analogue of  dAMP with thera-
peutic efficacy against both the wild-type and YMDD 
mutant HBV. Two previous major phase Ⅲ clinical 
studies showed that ADV demonstrated significant vi-
rological and biochemical responses, and histological 
improvement in HBeAg-positive and -negative naïve 
CHB patients[54,55]. ADV has also demonstrated virologi-
cal improvement in patients with LAM-resistant HBV, 
regardless if  used alone or in combination with ongoing 
LAM therapy[56,57]. Although ADV has been widely ac-
cepted as advantageous over LAM in terms of  the devel-
opment of  genotypic resistance, it is not recommended 
as the first-line drug for HBeAg-positive and -negative 
CHB patients in the current international guidelines as it 
is less effective than other NAs such as ETV and TDF 
in antiviral activity[58], and possesses a significant risk of  
nephrotoxicity[59].

Entecavir: ETV is a deoxyguanosine nucleoside ana-
logue which has highly potent antiviral activity and a high 
genetic barrier to resistance against HBV. In long-term 
follow-up studies of  ETV for the treatment of  chronic 
HBV infection for up to 5 years, it was very safe and well 
tolerated, and showed high rates of  HBV-DNA suppres-
sion, ALT normalization and serological responses in 
both HBeAg-positive and -negative CHB patients[60,61]. 
Also, long-term ETV treatment showed the reversal of  
fibrosis or cirrhosis and continued histological improve-
ment in patients with CHB[61]. Specifically, a post-hoc 
subgroup analysis in HBeAg-positive and -negative Asian 
CHB patients treated with ETV for up to 5 years also 
showed histological improvement with high rates of  vi-
rological, biochemical and serological responses[62]. These 
results could provide evidence that ETV is beneficial in 
Asian CHB patients who have poor prognosis due to 
perinatal infection with genotype B and C in most cases. 
Moreover, the emergence of  ETV resistance was very 
low, with a cumulative incidence of  ETV resistance rates 
at year 1, 2, 3, 4, and 5 in treatment-naïve patients of  0.2%, 
0.5%, 1.2%, 1.2% and 1.2%, respectively[63]. Based on the 
results from clinical studies, current regional guidelines 
have recommended ETV as a first-line therapy for the 
treatment of  compensated and decompensated patients 
with chronic HBV infection.

LdT: LdT is the L-nucleoside analogue of  L-deoxythy-
midine and displays potent antiviral activity comparable 
to that of  ETV. HBV-DNA was undetectable (< 300 
copies/mL) in 60% of  HBeAg-positive CHB patients 
and 88% of  HBeAg-negative CHB patients treated with 
LdT[64]. In addition, ALT normalization was found in 
77% and 74%, respectively[65]. HBeAg seroconversion in 
HBeAg-positive CHB patients was observed in 23% and 
30% at year 2 in two studies[64,65]. LdT provides higher 
rates of  virological responses than LAM, but has also 
been associated with high rates of  resistance due to a 
low genetic barrier. The rates of  resistance to LdT at 1 
year of  treatment were 5% and 2% in HBeAg-positive 
and -negative CHB patients, and 25% and 11% at year 
2, respectively[64,65]. Although LdT was well tolerated and 
safe, an asymptomatic elevation of  creatinine kinase and 
symptomatic myopathy were occasionally reported. Taken 
together, LdT is not recommended as a first-line therapy 
for CHB patients in current international guidelines, but 
it is recommended as a combination therapy with ADV 
or TDF for liver cirrhosis[40].  

Clevudine: Clevudine is a pyrimidine analogue with po-
tent and sustained antiviral activity against HBV. Previous 
clinical studies conducted in Korea have demonstrated 
that clevudine showed potent antiviral activity during 
therapy and induced a sustained post-treatment antivi-
ral effect for 6 mo after a 12- and 24-wk treatment pe-
riod[66,67]. Moreover, a double-blind, randomized, clinical 
study comparing the efficacy and safety of  clevudine vs 
LAM for 48 wk in treatment-naïve HBeAg-positive CHB 
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patients revealed that serum HBV-DNA level was below 
300 copies/mL in 73% of  patients and that HBeAg se-
roconversion occurred in 18% of  patients at week 48[68]. 
Although potent viral suppression and sustained antiviral 
activity after cessation of  clevudine were observed, its 
efficacy has been hampered by the emergence of  drug-
resistant viral variants. A single mutation at rtM204I 
confers resistance to clevudine and the incidence of  
clevudine resistance at 48 wk and 2 years was 1.3%-7% 
and 24.4%, respectively[69,70]. Furthermore, high rates of  
symptomatic myopathy due to mitochondrial damage in 
the muscle have been reported with clevudine[71,72]. For 
these reasons, clevudine is not recommended as first-line 
therapy for CHB patients.

TDF: TDF is an acyclic nucleotide inhibitor and has 
been proved to be a highly powerful antiviral agent 
against HBV without resistance to TDF during the treat-
ment period[58,73]. In a three-year follow-up study, levels 
of  HBV-DNA below 400 copies/mL at week 144 was 
observed in 72% of  HBeAg-positive and in 87% of  
HBeAg-negative patients treated with TDF monothera-
py[74]. In addition, ALT normalization was found in 74% 
and 81%, respectively. In HBeAg-positive patients, rates 
of  HBeAg and HBsAg loss were 34% and 8%, respec-
tively. Furthermore, no genotypic resistance developed 
during the follow-up period. Interestingly, a recent long-
term follow-up study over 5 years demonstrated that 
87% of  patients showed histological improvement and 
51% had regression of  fibrosis at week 240[75]. In addi-
tion, 74% of  96 patients with cirrhosis at baseline had 
no cirrhosis at year 5. Moreover, no genotypic resistance 
to TDF was detected. These results provided strong evi-
dence that TDF was very safe and effective for long-term 
use in the treatment of  CHB patients. Minor adverse 
events such as nephrotoxicity or decreased bone den-
sity were occasionally reported[76]. Current international 
guidelines recommend TDF and ETV, which are the two 
most effective antiviral agents, as first-line treatments 
for compensated and decompensated liver diseases in 
chronic HBV infection.  

MECHANISMS AND TREATMENT OF 
DRUG RESISTANCE
Drug resistance is one of  the most important causes of  
antiviral treatment failure in patients with CHB infec-
tion. The emergence of  HBV mutants during antiviral 
treatment leads to a rapid increase in viral replication, 
resulting in histological deterioration with ALT flares. 
Therefore, it is critical to detect early HBV mutants in the 
treatment of  CHB patients to improve long-term prog-
nosis of  the disease.

Although HBV is a DNA virus, its replication is pro-
cessed by reverse transcriptase through an RNA interme-
diate. Because HBV-DNA polymerase lacks a proofread-
ing mechanism, mutations can occur if  NAs incompletely 
suppress viral replication. Under the selective pressure of  

NAs, newly emerging mutant strains are selected as pre-
dominant species. Subsequently, compensatory mutations 
in the presence of  the primary mutation may emerge at 
other regions of  the polymerase gene, resulting in in-
creased viral replication compared to wild-type HBV[77]. 
There are three factors that are involved in the develop-
ment of  antiviral resistance; viral fitness, potency, and 
genetic barrier to resistance of  the NAs[78]. 

Resistance to NAs is dependent on the structure of  
the NA. Eight codons in HBV polymerase are known to 
be involved in the development of  antiviral resistance: 
169, 180, 181, 184, 202, 204, 236, and 250. There are 
five pathways leading to antiviral resistance[79]: (1) the 
rtM204V/I pathway for L-nucleosides (LAM, LdT and 
Clevudine); (2) the rtN236T pathway for alkyl phospho-
nates (ADV, TDF); (3) the rtA181T/V pathway, which 
is shared between the L-nucleosides and alkyl phos-
phonates; and (4) the D-cyclopentane/ETV pathway 
(rtL180M + rtM204V + I169T + T184S/G/C + S202C/
G/I + M250I/V).

The general principles of  antiviral therapy for NA 
resistance include the following: (1) confirmation of  the 
patient’s adherence to the drug; (2) detection of  viral 
breakthrough and identification of  genotypic resistance; 
and (3) consideration of  combination therapy to prevent 
additional mutation caused by sequential NA therapy.

Lamivudine resistance
Although LAM is safe and tolerated in compensated and 
decompensated liver diseases due to HBV, it has limited 
clinical use in CHB patients due to a high rate of  drug 
resistance. Previously, ADV alone or in combination 
with ongoing LAM therapy was used for the treatment 
of  rtM204V/I mutant by LAM[56]. However, the rate 
of  ADV resistance after direct switching from LAM to 
ADV in LAM-resistant patients was as high as 18% at 
year 1 and 65.6% at year 5, respectively[80,81]. On the other 
hand, rescue therapy switching to ETV at 1 mg daily for 
LAM-resistant patients was adopted, but genotypic ETV 
resistance and virological breakthrough developed in 51% 
and 43% of  cases at year 5, respectively[63]. These results 
may be explained by cross-resistance shared by LAM and 
ETV. Thus, ETV monotherapy at a dose of  1 mg has not 
been further recommended as rescue therapy in LAM-
resistant patients. TDF rescue therapy for ADV-resistant 
patients who were treated with ADV for 15 mo due to 
LAM-resistance, showed profound viral suppression of  
HBV-DNA below the detection limit of  400 copies/mL 
in 95% of  cases[82]. Subsequently, a long-term study of  
TDF rescue monotherapy was conducted in patients with 
prior failure or resistance to different NA treatments[83]. 
Pretreatment consisted of  either monotherapy with 
LAM, ADV, and sequential LAM-ADV therapy, or add-
on combination therapy with both drugs. After a mean 
treatment duration of  23 mo, HBV-DNA was undetect-
able (< 400 copies/mL) in 79% of  all patients. In addi-
tion, loss of  HBeAg and HBsAg occurred in 24% and 3% 
of  patients, respectively, suggesting that TDF monother-
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apy induced a potent and long-lasting antiviral response 
in NA-experienced patients with previous treatment 
failure[82]. PEG-IFN as rescue therapy for LAM-resistant 
patients may be considered for compensated liver disease. 
Current international guidelines include recommenda-
tions regarding rescue therapy for NAs-resistant patients 
(Table 2). For LAM-resistant patients, switching to TDF 
and ADV add-on therapy are commonly recommended. 
IFN-based therapy for those patients is only recom-
mended in the APASL guideline.

Adefovir resistance
ADV resistance is caused by rtN236T mutation in the D 
domain and rtA181T/V in the B domain of  the HBV 
polymerase gene. A long-term follow-up study of  ADV 
monotherapy for 48 wk in HBeAg-negative CHB showed 
ADV resistance in 0% at year 1 and 29% of  patients at 
year 5[59], suggesting that long-term use of  ADV could 
induce mutant strains. TDF has been proved to be ef-
fective in patients who were resistant to LAM and ADV. 
Although TDF shares partial resistance with ADV, it has 
been shown to have some antiviral effects in ADV resis-
tance. In a recent study, TDF monotherapy was effective 
in patients with virological breakthrough or suboptimal 
response to ADV, but complete viral suppression was not 
found in patients with ADV-resistance, suggesting that a 
combination therapy of  TDF with a NA should be con-
sidered in patients with ADV-resistance[84]. Because TDF 
possesses some degree of  cross-resistance to ADV, the 
combination therapy of  TDF plus LAM, LdT or ETV 
for patients with ADV-resistance may be more beneficial 
than TDF monotherapy to prevent further emergence 
of  mutant strains. However, another study demonstrated 
that there was no significant difference in viral suppres-
sion between the combination of  TDF plus emtricitabine 
and TDF alone in patients with CHB infection who had 
an incomplete response to ADV[85]. Further investigation 

is required.

Telbivudine resistance
LdT has relatively higher antiviral potency than LAM, 
however, prolonged treatment with LdT is limited by 
high rates of  resistance due to a low genetic barrier. Stud-
ies reporting 1- and 2-year resistance rates to LdT were 5% 
and 25% in HBeAg-positive CHB patients, respective-
ly[65]. A recent study revealed that LdT and ADV combi-
nation therapy led to significant decreases in serum HBV-
DNA levels and normalization of  ALT levels in patients 
with virological breakthrough or genotypic resistance to 
LdT[86]. Current international guidelines recommend add-
on ADV or switching to TDF or Truvada in patients with 
LdT resistance.

Clevudine resistance
Clevudine is a nucleoside analogue with potent antiviral 
activity against HBV. Clevudine resistance in patients 
who have received clevudine therapy has been report-
ed[70,87]. Although a long-term follow-up study of  rescue 
therapy in clevudine-resistant patients has not been re-
ported, the M204I mutation plays a key role in clevudine 
resistance and leads to virological breakthrough during 
long-term treatment. Drug susceptibility assays revealed 
that ADV and TDF were the most effective compounds 
against clevudine-resistant mutants. These results provide 
evidence of  therapeutic options for clevudine-resistant 
patients. However, further clinical studies are required.

Entecavir resistance
ETV resistance occurs following a two-step mutation of  
HBV: (1) Pre-existing M204V and L180M by LAM; and 
(2) acquisition of  the primary ETV resistance-encoding 
substitutions T184G and S202I or M250V. These muta-
tions decrease ETV susceptibility and could give rise 
to virological rebound, leading to treatment failure[88]. 

Table 2  Recommended treatment for drug resistance

Resistance to AASLD 2009 EASL 2012 APASL 2012

LAM Add ADV or TDF 
Switch to Truvada1

Switch to TDF 
(add ADV if TDF is not available)

Add ADV
Switch to TDF

Switch to IFN-based therapy
LDT Add ADV or TDF

Switch to Truvada1
Switch to or add TDF 

(add ADV if TDF is not available)
Add ADV

Switch to TDF
ADV Add LAM

Switch to Truvada1

Switch to or add ETV

Switch to ETV or TDF
Switch to TDF and add a nucleoside 

analogue if the patient has been treated 
with LAM

Add LAM, LDT or ETV
Switch to TDF

Switch to ETV plus TDF, if the patient 
has been treated with LAM or LDT

ETV Switch to TDF or Truvada1 Switch to or add TDF 
(add ADV if TDF is not available)

Add TDF or ADV

TDF Unmentioned Add ETV, LDT, LAM or emtricitabine
Switch to ETV if the patient has not been 

treated with LAM in the past

Unmentioned

MDR Unmentioned Combination of a nucleoside and a 
nucleotide

Unmentioned

1Truvada is a combination pill containing emtricitabine 200 mg and tenofovir 300 mg. LAM: Lamivudine; LDT: Telbivudine; ADV: Adefovir; ETV: Entecavir; 
TDF:Tenofovir; MDR: Multidrug resistance; IFN: Interferon. 
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After long-term ETV treatment in patients with LAM 
resistance, the rate of  resistance was 51%[63]. This high 
resistance rate may be explained by rtM204V/I reducing 
the genetic barrier of  ETV. Although the ETV resis-
tance rate is not as high as other L-nucleoside analogues 
in naïve CHB, ETV rescue monotherapy at a dose of  1 
mg for LAM-resistant patients should be considered for 
treatment failure due to virological rebound. Thus, add-
on ADV to ETV may be beneficial in LAM-resistant pa-
tients to prevent further development of  ETV resistance. 
Although clinical evidence regarding treatment for ETV 
resistance is insufficient to date, a recent study demon-
strated the efficacy of  TDF in ETV resistance[83]. Cur-
rent international guidelines recommend add-on ADV 
or TDF or switching to TDF or Truvada in patients with 
ETV resistance.

Tenofovir resistance
TDF has been accepted as the most effective and safe 
antiviral nucleotide analogue for NA treatment-naïve or 
-failure patients to date. Recently, an open-label, long-
term extension study of  two previous phase Ⅲ studies 
which confirmed no resistance to TDF after 48-wk treat-
ment[74,75] revealed that TDF monotherapy maintains 
effective suppression of  HBV-DNA through 288 wk 
(6 years) of  treatment with no evidence of  TDF resis-
tance[89]. However, virological breakthrough occurred 
infrequently and was associated with non-adherence to 
study medication in the majority of  cases. According to 
current international guidelines, TDF is recommended as 
an essential antiviral agent for compensated or decom-
pensated liver diseases irrespective of  any resistance to 
NAs.

Multidrug resistance
In general, sequential NA monotherapy against HBV can 
promote selection of  multidrug-resistant (MDR) strains 
of  HBV. In particular, this frequently occurs with sequen-
tial treatment using NAs with similar characteristics (e.g., 
LAM followed by ADV or ETV)[79]. Studies have shown 
that a combination therapy of  TDF plus ETV in patients 
who had resistance to both LAM and ADV was effec-
tive[90,91]. A combination therapy of  TDF plus ETV was 
shown to be effective in patients with MDR including 
LAM, ADV and ETV resistance. These results suggest 
that a combination therapy including TDF is better than 
other NA monotherapies or sequential therapy. 

Currently, HBV drug-resistance mutation is mainly 
detected by direct sequencing and reverse hybridization. 
However, there are still limitations in identifying differ-
ent substitutions present in the same viral variant with 
classic sequencing techniques[92]. Thus, it is necessary to 
find new tools to sequence large portions of  the genome. 
Recently, a next generation sequencing (NGS) method 
has been developed to increase sequencing capacity while 
generating clonal sequences. The NGS method is pro-
cessed through 3-step sequencing: library preparation, 
DNA capture and enrichment, and sequencing[93]. Newly 

developed virological tests may offer more optimized 
and tailored therapeutic strategies for treatment-naïve or 
-failure patients with chronic HBV infection. Current in-
ternational guidelines do not recommend an appropriate 
treatment for MDR HBV caused by the anti-HBV NAs. 
However, based on pre-existing evidence, a combination 
of  TDF and ETV is considered to be the most appropri-
ate treatment for patients with MDR. 

CONCLUSION
Although preventive vaccines and new antiviral agents 
against HBV have resulted in remarkable advances, 
chronic HBV infection is a still a difficult disease to con-
trol due to continuous viral replication from cccDNA in 
the nuclei of  infected hepatocytes. Currently, there are 
two therapeutic approaches to control HBV replication: 
immunomodulating therapy and NAs. Despite extensive 
research, the exact roles of  the immune response in con-
trolling HBV infection or emerging HBV drug resistance 
are not completely understood. NAs therapy is consid-
ered an effective, safe and convenient therapy to control 
chronic HBV infection. However, the emergence of  
HBV mutant strains can lead to long-term treatment fail-
ure. The risk is very low or absent with ETV and TDF. 
Immune-based anti-viral strategies against HBV should 
be explored to achieve sustained viral control. Interna-
tional evidence-based guidelines have been developed to 
support physicians in managing CHB patients. However, 
it is difficult to initiate comprehensive therapy for MDR 
to NA as there is a lack of  strong evidence to prove 
such issues. In addition, the currently available genotypic 
test, direct sequencing, still has limitations in identifying 
different substitutions present in the same viral variant. 
Therefore, the development of  new virological tests 
identifying MDR may offer more optimized and tailored 
therapeutic strategies for treatment-naïve or -failure 
patients with chronic HBV infection. The factors influ-
encing long-term treatment failure include patient com-
pliance to drug, the emergence of  HBV mutant strains, 
host genetic factors and the properties of  each NA. It is 
critical to monitor viral load, serum HBsAg and ALT lev-
els during antiviral therapy so that the therapeutic strat-
egy can be continued or modified for patients with viral 
breakthrough or suboptimal response. Current practice 
guidelines stress the importance of  profound and durable 
HBV viral suppression in the treatment of  CHB patients. 
To this end, it is essential to choose a potent antiviral 
drug with a low risk of  resistance for the initial treatment 
of  CHB to achieve sustained virological response. TDF 
or ETV have a high genetic barrier and potent antiviral 
activity, and are widely accepted as first-line therapy for 
naïve patients at the present time. Furthermore, for pa-
tients with HBV mutant strains, combination therapy 
with NAs which have a high genetic barrier is more ef-
fective than sequential therapy of  NAs with a low genetic 
barrier. Further studies are needed to explore the molecu-
lar mechanism of  HBV mutations conferring resistance 
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to NAs and to achieve optimal therapeutic modalities 
for patients with treatment failure. Finally, new anti-viral 
strategies that can persistently suppress HBV replication 
and overcome drug resistance should be investigated for 
the treatment of  patients with chronic HBV infection.
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