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Abstract Large volume of new data on the natural his-
tory and treatment of chronic hepatitis B virus (HBV)
infection have become available since 2008. These include
further studies in asymptomatic subjects with chronic HBV
infection and community-based cohorts, the role of HBV
genotype/naturally occurring HBV mutations, the applica-
tion of non-invasive assessment of hepatic fibrosis and
quantitation of HBV surface antigen and new drug or new
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strategies towards more effective therapy. To update HBV
management guidelines, relevant new data were reviewed
and assessed by experts from the region, and the signifi-
cance of the reported findings was discussed and debated.
The earlier “Asian-Pacific consensus statement on the
management of chronic hepatitis B” was revised accord-
ingly. The key terms used in the statement were also
defined. The new guidelines include general management,
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indications for fibrosis assessment, time to start or stop
drug therapy, choice of drug to initiate therapy, when and
how to monitor the patients during and after stopping drug
therapy. Recommendations on the therapy of patients in
special circumstances, including women in childbearing
age, patients with antiviral drug resistance, concurrent viral
infection, hepatic decompensation, patients receiving
immune suppression or chemotherapy and patients in the
setting of liver transplantation and hepatocellular carci-
noma, are also included.

Keywords Chronic hepatitis B - Liver cirrhosis -
Hepatocellular carcinoma - Hepatitis B virus (HBV) -
Interferon-a - Pegylated interferon - Lamivudine -
Adefovir - Entecavir - Telbivudine - Tenofovir

Introduction

Since the 4th version of the “Asian-Pacific consensus
statement on the management of chronic hepatitis B” was
published in September 2008 [1], tenofovir has been
approved globally and several updated guidelines on
chronic hepatitis B virus (HBV) infection have been pub-
lished [2—4]. Large amounts of new data on the natural
history and treatment of chronic HBV infection have also
become available or are emerging. These include further
studies in asymptomatic subjects with chronic HBV
infection and community-based cohorts, the role of HBV
genotype and naturally occurring HBV mutations, the
application of non-invasive methods in the assessment of
hepatic fibrosis, the clinical utility of quantitative hepatitis
B surface antigen (HBsAg), and newer drugs or new
strategies towards more effective management. We have
closely followed the progress in the field and invited
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experts from the Asian-Pacific region to review and assess
relevant new data. The significance of the reported findings
was discussed and debated during an expert meeting in
Taipei, Taiwan on October 22-23, 2011. The 2008 update
of the “Asian-Pacific consensus statement on the man-
agement of chronic hepatitis B” [1] was revised accord-
ingly. The key terms defined in the 2008 statement were
also revised (Table 1). Then, the revised version was cir-
culated for further comments, and it was refined through
electronic communications among the experts. The revised
contents were presented and discussed at the Asian-Pacific
Association for the Study of the Liver meeting in Taipei,
Taiwan in February 2012. The following is the final version
of the updated consensus and recommendations on the
management of chronic hepatitis B.

Conceptual background
HBV, pathogenesis, and natural course

Chronic HBV infection is a serious clinical problem
because of its worldwide distribution and potential adverse
outcomes, including cirrhosis, hepatic decompensation,
and hepatocellular carcinoma (HCC). HBV infection is
particularly important in the Asian-Pacific region, where it
is endemic, with the majority of infections being acquired
perinatally or in early childhood; some patients may be
superinfected with other viruses later in life, an event that
may adversely affect clinical outcomes. In addition, the
countries in this region mostly have low to intermediate
gross national income per capita [5].

Studies have revealed that covalently closed circular
DNA (cccDNA) plays a key role in the maintenance of
chronic HBV infection. As HBV is not cytopathogenic by
itself, chronic HBV infection is a dynamic state of inter-
actions among the virus, hepatocytes, and the host immune
system. The natural course of chronic HBV infection in this
geographic region can be divided into (1) immune tolerant
phase, (2) immune clearance phase, and (3) residual or
inactive phase. Patients in the immune tolerant phase are
usually young, hepatitis B e antigen (HBeAg) seropositive
with high HBV DNA levels (>2 x 10%to 2 x 107 TU/mL)
but have normal serum alanine aminotransferase (ALT)
and no or minimal histological changes [6]. The results of a
5-year follow-up study confirm that adults in the immune
tolerant phase show no or minimal disease progression as
long as their serum ALT levels remain normal [7]. How-
ever, HBeAg-positive subjects older than 40 years with
persistently ‘high normal’ ALT levels may have significant
hepatic necroinflammation or fibrosis [8]. During the
immune clearance phase, HBeAg-positive hepatitis with
ALT elevation and even acute flares with serum ALT
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Table 1 Glossary of frequently used terms

Terminology

Definition

Alanine aminotransferase (ALT)
high normal
low normal
minimally raised
Biochemical response
Chronic HBV infection
Inactive chronic HBV infection
Drug resistance

genotypic resistance
phenotypic resistance

cross resistance

Hepatic decompensation

Hepeatitis flare
Undetectable serum HBV DNA
Virological response
maintained virologic response
primary treatment failure
suboptimal virological response
secondary treatment failure
sustained response
complete virological response
Viral breakthrough

virological relapse
clinical relapse

Serum ALT between 0.5 and 1x upper limit of laboratory reference (ULN)

Serum ALT < 0.5 x ULN

Serum ALT between ULN and 2 x ULN

Normalization of serum ALT level

HBsAg seropositive >6 months

HBsAg (+) anti-HBe (+) with persistent normal serum ALT (PNALT) and HBV DNA <2 x 10 3=4 [U/mL

Detection of mutations in the HBV genome that are known to confer resistance and develop during
antiviral therapy

Decreased susceptibility (in vitro testing) to inhibition by antiviral drugs; associated with genotypic
resistance

Mutation selected by one antiviral agent that also confers resistance to other antiviral agents

Significant liver function abnormality as indicated by raised serum bilirubin and prolonged prothrombin
time or occurrence of complications such as ascites.

Abrupt increase of serum ALT to >5 x ULN
Serum HBV DNA below detection limit of a PCR-based assay

Undetectable serum HBV DNA and HBeAg seroconversion, if applicable, during therapy

Reduction of serum HBV DNA <1 log IU/mL at 12 weeks of oral antiviral therapy in an adherent patient
Serum HBV DNA still detectable at 24 weeks of oral antiviral therapy in an adherent patient

Viral breakthrough in an adherent patient (due to drug resistance)

No clinical relapse during follow-up after stopping therapy

Maintained or sustained response with HBsAg seroclearance

Increase of serum HBV DNA >1 log IU/mL from nadir of initial response during therapy, as confirmed
1 month later

Serum HBV DNA >2,000 IU/mL after stopping treatment in patients with maintained virologic response

HBV DNA >2,000 IU/mL and ALT >2 x ULN after stopping treatment in patients with maintained
virologic response

levels increased over 5 times the upper limit of normal
(ULN) may occur, sometimes complicated with hepatic
decompensation. These ALT elevations and hepatitis flares
are considered to be the results of host immune responses
against HBV-infected hepatocytes, namely, HLA-class I
antigen-restricted cytotoxic T lymphocyte (CTL)-mediated
response against HBV antigen(s) expressed on hepatocytes
with resultant apoptosis and necrosis. Higher ALT levels,
therefore, usually reflect more extensive hepatocyte dam-
age due to more vigorous immune response against HBV
[9]. These events may eventually be followed by HBeAg
seroconversion to its antibody (anti-HBe) and/or decreas-
ing serum HBV DNA. The estimated annual incidence of
spontaneous HBeAg seroconversion is 2-15 %, depending
on factors such as age, ALT levels, and HBV genotype [9,
10]. Some patients may experience only transient and mild
elevation of serum ALT levels before HBeAg serocon-
version [11]. HBeAg seroconversion is followed by sus-
tained clinical remission (inactive carrier state) in the

majority of patients. However, relapse may occur due to
HBeAg sero-reversion or the occurrence of HBeAg-nega-
tive hepatitis. The estimated annual incidence of hepatitis
relapse is about 2-3 % [11, 12], being higher in males,
those with genotype C infection, and those who have
HBeAg seroconversion after 40 years of age [13, 14].
These findings suggest that earlier HBeAg seroconversion
or shorter HBeAg-positive phase is associated with a
higher chance of sustained remission. Asymptomatic
HBeAg-negative subjects, especially those with HBV DNA
>2,000 IU/mL, may also experience hepatitis flares and
disease progression as HBeAg-positive patients do [11-—
16]. Since the immunopathogenesis of HBeAg-negative
hepatitis is similar to that of HBeAg-positive hepatitis, this
phase can be viewed as a variant form of the immune
clearance phase [6].

Development of liver cirrhosis or HCC may occur dur-
ing the natural course. A prospective study involving 684
patients with chronic hepatitis B showed that cirrhosis
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developed at an estimated annual incidence of 2.1 %, and
that age; extent, severity, and frequency of flares; duration
of hepatic lobular alterations were factors for disease out-
comes [17]. Patients with persistent HBeAg seropositivity
have an even higher incidence (3.5 % per year) of cirrhosis
[18]. Age at HBeAg seroconversion is also an important
factor, as demonstrated in a study involving 483 patients, in
which the 15-year cumulative incidences of cirrhosis and
HCC were lowest in those who had undergone HBeAg
seroconversion before age 30 (3.7 and 2.1 %, respectively),
and highest in those who had not undergone HBeAg
seroconversion until after age 40 (42.9 and 7.7 %,
respectively) [14]. Another 11.5-year follow-up study in a
cohort of 1,965 incidentally detected HBeAg-negative
carriers with normal ALT also showed that the risk of
cirrhosis correlated significantly with advanced age at entry
(p = 0.004) and hepatitis B reactivation (p < 0.0001) [15].
A long-term follow-up study (mean = 120 months)
involving 188 Korean patients (52 HBeAg-negative
patients) showed that age and persistent ALT elevation are
independent factors for the development of cirrhosis,
decompensation, and HCC [19]. Large studies in asymp-
tomatic HBsAg carriers have also demonstrated that fre-
quent ALT elevation during long-term follow-up is a factor
for the development of cirrhosis and HCC [20, 21]. HCC
develops at an annual incidence of 3—6 % in patients with
cirrhosis and far less frequently in non-cirrhotic patients
[17, 22, 23]. The community-based REVEAL-HBV study
demonstrated that seropositivity for HBeAg and/or HBV
DNA >10* copies/mL (>2,000 IU/mL) in adult HBV
carriers at study entry are significant risk factors for cir-
rhosis and HCC development over time in a dose-depen-
dent manner [24-26]. In addition, recent studies suggest
that obesity and metabolic derangement may also increase
the risk of HBV-related HCC in these carriers [27, 28].
Inactive carrier state usually indicates favorable long-
term clinical outcomes. A study including 3,673 HBeAg-
negative carriers with normal baseline ALT showed that
ALT became abnormal mostly in the first 3 years, while the
1,953 carriers who maintained persistently normal ALT
(PNALT) had excellent long-term prognosis, with only two
developing HCC and no deaths of liver disease during a mean
follow-up period of 13.4 £ 5.2 years [29]. The REVEAL-
HBYV study has also demonstrated that those with PNALT
over 13-year follow-up have a significantly lower risk of
HCC [21]. Compared with well-matched patients with
HBeAg-negative chronic hepatitis B, inactive carriers were
more frequently female, had lower HBV DNA levels, lower
prevalence of genotype C infection, and fewer basal core
promoter A1762T/G1764A mutations [30]. It was demon-
strated that 19 % of those with PNALT and no disease pro-
gression over 10 years had serum HBV DNA between 2,000
and 20,000 IU/mL, butrarely (4 %) >20,000 IU/mL [31]. A
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large nested case—control study involving 112 HCC and
1,031 non-HCC patients who underwent a median follow-up
of 7.3 (0.6-15.0) and 13.4 (2.1-16.0) years, respectively,
also showed that maintenance of HBV DNA
<4.39 log;o copies/mL (<4,700 IU/mL) was associated
with PNALT and decreased risk of HCC [20]. The
REVEAL-HBYV study also showed that HCC incidence
increased from 0.073 % per year in those with serum HBV
DNA <10* copies/mL (<2000 IU/mL) at entry to
0.185 % per year in those with serum HBV DNA persis-
tence at 10°~10° copies/mL (2,000-20,000 TU/mL), but was
still much lower than the 0.381 ~ 1.481 % per year in
those with serum HBV DNA maintained >10° copies/mL
(>20,000 IU/mL) [21]. Thus, it seems reasonable to define
‘inactive carrier state’ as HBeAg-negative, HBsAg-positive
subject with PNALT for at least 3 years and HBV DNA
<20,000 IU/mL. Of note, the REVEAL-HBV study has
shown that inactive carriers are still at risk of HCC devel-
opment, as those with HBV DNA <4 log,, copies/mL
(<2,000 TU/mL) had an adjusted hazard ratio (95 % confi-
dence internal) of 4.6 (2.5-8.3) for HCC development as
compared with the HBsAg-negative controls [32].

Spontaneous HBsAg seroclearance may occur during
the inactive phase. An 11-year follow-up study in 1,965
asymptomatic anti-HBe-positive subjects of a median age
of 34 (16-76) years at entry showed an annual HBsAg
seroclearance rate of 1.2 %, and the cumulative HBsAg
seroclearance rate was 8 % at 10 years, increasing dis-
proportionately to 25 % at 20 years, and 45 % at 25 years
of follow-up [33]. The REVEAL-HBV study has further
revealed that undetectable serum HBV-DNA level (<300
copies/mL) at entry or during follow-up is a major pre-
dictor of spontaneous HBsAg seroclearance, and the
cumulative incidence of HBsAg seroclearance at 60 and
100 months after serum HBV DNA level had decreased to
undetectable levels was 25.8 and 51.3 %, respectively [34].
Although a pool of transcriptionally silent cccDNA mole-
cules can be found in the liver and low serum viremia
(almost all <200 IU/mL) may remain for >10 years after
HBsAg seroclearance in 14 % of subjects [35], HBsAg
seroclearance is considered was a state closest to a cure and
usually confers an excellent prognosis. However, HCC
may still occur albeit at a very low rate, especially if cir-
rhosis has already developed before HBsAg seroclearance,
or if HBsAg seroclearance occurs at an old age
(>50 years), or in the presence of concurrent hepatitis C or
D viral infection [33].

New application of an old biomarker: quantitative
HBsAg (qHBsAg)

HBsAg is produced by more than one pathway: from
translation of transcriptionally active cccDNA molecules
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that serve as a template for replication and from translation
of viral genes transcribed from integrated HBV DNA
sequences in the host genome. In addition to being the
envelope of the infectious HBV particle, HBsAg is also
found as non-infectious spheres or filaments, exceeding
infectious virions by 10°-10° times. Studies have shown
that serum HBsAg appears to correlate with cccDNA and is
considered a surrogate marker of infected cells. Using
recently available commercial quantitative assays, qHBsAg
has been shown to be helpful in the understanding and
management of chronic hepatitis B [36, 37].

Studies have consistently shown that HBsAg level is
highest in the immune tolerant phase (4.5-5.0 log;o IU/
mL), starts to decline during the immune clearance phase
(3.04.5 log;o IU/mL), and decreases slowly and progres-
sively after HBeAg seroconversion. HBsAg level is lowest
(1.5-3.0 log;o IU/mL) in those who maintain PNALT, but
higher (2.5-4.0 log;o IU/mL) in those who develop
HBeAg-negative hepatitis [38—40]. Longitudinal studies
have further shown that HBsAg level remained stable in
HBeAg-positive patients and tended to reduce slowly in
HBeAg-negative patients, and a reduction of HBsAg by >1
log TU/mL could reflect improved immune control [40]. It
was shown that combined single-point quantification of
HBsAg <1,000 IU/mL and HBV DNA <2,000 IU/mL
identified inactive carriers with up to 90 % positive pre-
dictive value (PPV) and 97 % negative predictive value
(NPV) in genotype D HBeAg-negative subjects [36]. In
genotype B and C HBeAg-negative carriers with normal
ALT, the lower the serum HBsAg level <1,000 IU/mL, the
higher the chance of spontaneous HBsAg seroclearance,
and an HBsAg level of <100 IU/mL is an appropriate cut-
off for predicting HBsAg loss over time [41-43]. In par-
ticular, an HBsAg level <200 IU/mL may predict HBsAg
seroclearance in 3 years [41, 44], especially if combined

Table 2 Distribution of hepatitis B virus genotypes and subgenotypes

with a >1 log;o IU/mL decline in the preceeding 2 years
[44].

Taking these lines of evidence together, serum HBsAg
level could be used together with, but not as a substitute
for, HBV-DNA in clinical practice.

Clinical significance of HBV genotype and naturally
occurring mutations

Hepatitis B virus has been classified into at least 10
genotypes on the basis of an intergroup divergence of 8 %
or more in the complete genome nucleotide sequence.
Subtypes are identified within some genotypes. Each
genotype has its distinct geographical and ethnic distribu-
tion worldwide and within the Asian-Pacific region. HBV
genotypes B and C are prevalent in East and South-East
Asia, the Pacific Islands, and Pakistan, whereas HBV
genotypes D and A are prevalent in India and genotype A
in the Philippines. HBV genotype D is also found in the
Pacific Islands. HBV genotypes B and C are prevalent in
highly endemic areas where perinatal or vertical trans-
mission plays an important role in spreading the virus,
whereas genotypes A, D, E, F, and G are frequently found
in areas where the main mode of transmission is horizontal
(Table 2). The clinical significance and virologic charac-
teristics of HBV genotypes have only been reliably com-
pared between genotypes B and C, and between genotypes
A and D. In general, genotype B is associated with less
progressive liver disease than genotype C, and genotype D
has a less favorable prognosis than genotype A [10]. A
study in 1,536 Alaskan natives with chronic HBV infection
has shown that the median age for HBeAg clearance was
less than 20 years for genotypes A, B, D, and F, but
more than 40 years for genotype C, and that patients
with genotypes C and F have significantly more frequent

A B C D F G H 1 J
Al Bl C1-3 DI-5 West F1-4 France, Central Vietnam  Ryukyu,
Sub- Japan Taiwan, Africa, Europe, Africa  Cepgral Germany, America  and Japan
Saharan China, Mediterranean and and the Laos
Africa Korea, and countries, and South United
Southeast India America  States
Asia
A2 B2-5 C4
Northern East Asia, Taiwan, Australia
Europe China, Indonesia,
Vietnam,
Philippines
A3 B6 C5
Western Alaska, Northern The
Africa Canada, Philippines,
Greenland Vietnam
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HBeAg reversion and higher risk of HCC [45]. Several
studies have shown that genotype B is associated with
spontaneous HBeAg seroconversion at a younger age, less
active liver disease, slower progression to cirrhosis, and
less frequent development of HCC than genotype C [10,
45, 46]. A study from India indicated that genotype D is
more often associated with HBeAg-negative chronic HBV
infection and more severe diseases, and may predict the
occurrence of HCC in young patients [47]. It has also been
shown that recombinant genotypes lead to more severe
disease [10].

In addition, HBV subgenotypes, mixed HBV genotype
infections, and recombination of HBV genotype are not
rare clinically. Subgenotypes of HBV have been identified
on the basis of 4-8 % heterogeneity of the entire HBV
genome. Similar to HBV genotype, these HBV subgeno-
types may have different clinical and virologic character-
istics. For example, in a case—control study including 172
patients from Japan and 156 patients from Hong Kong
infected by HBV genotype C, HBV subgenotype Ce (vs.
Cs) was found to be an independent risk factor of HCC in
addition to male sex, older age, and positive HBeAg status
[48]. The study was limited by the potential confounding
effect of the enrolled patient ethnicity. Moreover, the status
of liver cirrhosis, which may be the most important risk
factor for HCC, was not evaluated. In a subsequent study
involving 1,006 patients with a median follow-up of
7.7 years, 86 patients (8.5 %) developed HCC, and high
HBV DNA level and HBV genotype C, particularly sub-
genotype Ce, increased the risk of HCC [49]. Furthermore,
in an epidemiologic study of acute hepatitis B, Chinese
patients with subgenotype C2 developed chronic infection
more often than those infected with subgenotype B2, and
subgenotype C2 was an independent factor for the chro-
nicity of HBV infection [50]. The clinical significance of
subgenotype and mixed genotype infections needs further
examinations to draw definite conclusions.

Due to the spontaneous error rate of viral reverse tran-
scription, naturally occurring HBV mutations arise during
the course of infection under the pressure of host immunity
or specific therapy. Several HBV strains including muta-
tions in precore, core promoter, and deletion mutation in
pre-S/S genes have been reported to be associated with the
pathogenesis of fulminant or progressive liver disease,
including cirrhosis and HCC [10]. Patients harboring HBV
genotype C have a higher HBV-DNA level, higher fre-
quency of pre-S deletions, higher prevalence of core pro-
moter A1762T and/or G1768A mutations and A1762T/
G1764A double mutations, and a significantly higher
chance of developing HCC than patients infected with
HBYV genotype B [10, 46, 51, 52]. A study revealed that a
complex mutation pattern rather than a single mutation was
associated with disease progression [51]. Viral
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quasispecies evolution has recently been shown to play an
important role in the natural history and pathogenesis of
chronic hepatitis B. In particular, the evolution of viral
quasispecies may play an important role in the pathogen-
esis of HBeAg seroconversion [53] and the immune
clearance phase [54].

Role of non-invasive examinations in evaluating
severity of hepatic fibrosis

In the management of patients with chronic hepatitis B,
assessment of hepatic fibrosis is of paramount importance.
The severity of liver fibrosis is a strong prognostic factor
by itself, and it helps to identify patients who will benefit
from antiviral therapy, assess response to antiviral therapy,
determine the optimal time to start surveillance, and
stratify the risk of HCC and hepatic decompensation [1,
55]. To date, liver biopsy is the best standard for assessing
liver fibrosis. Although it is generally accepted to be a safe
procedure, it can cause discomfort and carries an occa-
sional risk of serious complications. Furthermore, liver
biopsy is subject to sampling error and interobserver var-
iability. In addition, it is not practical to use liver biopsy
repeatedly in monitoring patients undergoing antiviral
therapy because of its limitations and invasive nature.

Recently, non-invasive examinations to evaluate the
severity of hepatic fibrosis have been introduced and are
known to assess the severity of liver fibrosis accurately.
There are several reports that non-invasive methods such as
liver stiffness measurement (LSM) by transient elastogra-
phy (TE, FibroScan) and other serologic tests could be used
as an alternative to liver biopsy in patients with chronic
hepatitis B [56, 57]. LSM was found to have the best per-
formance in diagnosing advanced fibrosis (METAVIR > 3)
than any other serum test formulae, with an NPV of 92 %
for a cut-off of <6.0 kPa for patients with normal ALT and
<7.5 kPa for those with elevated ALT and a PPV of 98 %
for a cut-off of >9 kPa for patients with normal ALT and
>12 kPa for patients with elevated ALT [56]. However,
neither biomarkers nor biopsy alone are sufficient to make a
definitive decision in a given patient, and all the clinical and
biological data must be taken into account. These nonin-
vasive tests cannot replace liver biopsy completely and
should be used as a complementary tool in the management
of patients with chronic hepatitis B.

Clinical significance of outcome calculators

To help practicing physicians, HCC risk calculators were
created based on the data obtained from long-term follow-
up cohorts [58—60]. For example, the REVEAL-HBV study
team has developed easy-to-use nomograms for predicting
HCC risk in patients with chronic HBV infection, based on
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sex, age, family history of HCC, alcohol consumption,
serum ALT level, HBeAg serostatus, serum HBV DNA
level, and HBV genotype [60]. The clinical application of
the scoring system has been validated by the REACH-B
Working Group [61]. This scoring system accurately esti-
mates the risk of developing HCC at 3, 5, and 10 years in
adult chronic hepatitis B patients. Clinicians may use this
scoring system to assess HCC risk in chronic hepatitis B
patients and make evidence-based decisions to manage
their patients.

Concurrent infection with other virus(es)

Hepatitis B virus, hepatitis C virus (HCV), hepatitis delta virus
(HDV), and human immunodeficiency virus (HIV) share
similar transmission routes. Therefore, concurrent infection
with these virus(es) may occur and complicate the natural
course of chronic HBV infection. In general, concurrent
infection with these viruses usually results in more severe and
progressive liver disease and thus needs treatment [62].

Goals of treatment for chronic HBV infection

It is now clear that active HBV replication is the key driver
of liver injury and disease progression, thus sustained viral
suppression is of paramount importance. Therefore, the
primary aim of chronic hepatitis B treatment is to perma-
nently suppress HBV replication. This will decrease the
infectivity and pathogenicity of the virus, thereby reducing
hepatic necroinflammation. Clinically, the short-term goal
of treatment is to achieve ‘initial response’ in terms of
HBeAg seroconversion and/or HBV-DNA suppression,
ALT normalization, and prevention of hepatic decompen-
sation, and to ensure ‘maintained/sustained response’ to
reduce hepatic necroinflammation and fibrosis during/after
therapy. The ultimate long-term goal of therapy is to pre-
vent hepatic decompensation, reduce or prevent progres-
sion to cirrhosis and/or HCC, and prolong survival [1].

Currently available treatments

Currently, interferon-alfa (IFN-z), lamivudine (LAM),
adefovir, entecavir, telbivudine, tenofovir, and pegylated
IFN (Peg-IFN)-a,, have been licensed globally. Peg-IFN-
%, has been approved for the treatment of chronic HBV
infection in a few countries. Thymosin-o; has also been
approved in some countries in Asia. Clevudine has been
approved only in Korea and the Philippines.

Immunodulatory therapies

Immunomodulatory agents include conventional IFN-a, Peg-
IFN, and thymosin o;;. Immunomodulatory agents have dual

actions: enhancing host immune system to mount a defense
against HBV and modest antiviral action. IFN has been the
mainstay of HBV treatment for two to three decades.

Conventional IFN

HBeAg-positive chronic hepatitis B: Meta-analyses of
controlled trials in HBeAg-positive patients showed that
treatment with IFN at a dose of 5 MU daily or 10 MU three
times weekly for 4—6 months achieved higher HBeAg loss
(33 vs. 12 %), HBV DNA suppression (37 vs. 17 %), and
ALT normalization than untreated controls with a risk
difference of around 25 % for each parameter. The rate of
HBsAg seroclearance was also higher (7.8 vs. 1.8 %) in
IFN-treated patients, with a risk difference of 5.6 %.
Higher IFN doses and extended treatment duration appear
to improve treatment response. However, increased adverse
events and costs associated with higher doses and pro-
longed treatment warrant caution in recommending it in
practice. A lower dosage of IFN 5-6 MU three times
weekly has been used in Asian patients with similar effi-
cacy. Asian patients with elevated baseline ALT responded
to IFN treatment at rates similar to Caucasians. The effi-
cacy of IFN treatment in children with elevated ALT was
similar to that in adults. Re-treatment of patients who failed
to respond to previous IFN therapy could achieve HBeAg
loss in 20—40 % of cases [63]. A study of a tailored regi-
men of IFN [5 MU three times weekly until achieving
virologic and biochemical endpoints or when HBV DNA
was no longer decreasing; median 10 (6-24) months] in
247 HBeAg-positive patients showed better sustained
response than fixed 6-month treatment duration (40.5 vs.
28.3 %, p = 0.013) [64]. HBeAg seroconversion is durable
in over 90 % patients, and delayed HBeAg seroconversion
could occur in 10-15 % patients at 1-2 years post-treat-
ment, and a 15-year cumulative incidence of HBeAg
seroconversion of up to 75 % (vs. 52 % in control). It also
results in less cirrhosis development, better overall sur-
vival, and reduced incidence of HCC [18], especially
among responders [63].

HBeAg-negative chronic hepatitis B: IFN treatment
resulted in an end-of-treatment biochemical and virological
response in 60-90 % in European patients; however, the
sustained response rate was low: 10—15 % with 4-6 months
of treatment and 22 % with 12 months of treatment. In
Asian patients, a 6- to 10-month course of IFN therapy
achieved a 6-month post-treatment response in 30 %
patients versus 7 % in untreated patients [64]. The preferred
IFN treatment duration for HBeAg-negative chronic hepa-
titis B is 12 months. A study of extended IFN treatment for
24 months reported a sustained response in 30 % patients
and HBsAg clearance in 18 % patients at 6-year post-
therapy [65]. IFN treatment improved long-term outcomes,
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including reduced HCC development, and prolonged sur-
vival and hepatic complication-free survival in patients with
sustained response [66].

Patients with well-compensated cirrhosis treated with
IFN had comparable or even better response and a similar
side effect profile as those without cirrhosis, with a reduced
risk of hepatic decompensation and HCC development, and
prolonged survival in responders. However, IFN is con-
traindicated in patients with overt decompensated cirrhosis
because it can precipitate hepatic decompensation, result-
ing in fatal complications [21].

Long-term follow-up studies showed that IFN treatment
increased HBsAg seroclearance over time in patients with
HBeAg loss. Collective data show that IFN therapy was
associated with an increased likelihood of HBsAg seroc-
learance (3.16-fold in Western studies, 6.63-fold in Asian
patients) as compared with untreated controls [32]. Two
meta-analyses have confirmed these long-term benefits of
IFN treatment in reducing liver disease progression to
cirrhosis and HCC.

Peg-IFN-o

Pegylation of IFN-« improves its pharmacokinetics and
prolongs its half-life, which allows weekly injections. A
study of a 24-week course of weekly Peg-IFN-a,, in Asian
patients showed a higher combined response rate (HBeAg
loss, HBV DNA <500,000 copies/mL, and ALT normali-
zation; 28 vs. 12 %, p = 0.036) and a higher HBeAg
seroconversion rate than a 24-week course of IFN-o,, (33
vs. 25 %, p < 0.05) [67]. The superior HBeAg loss over
conventional IFN was confirmed by a study of Peg-IFN-u,,
treatment for 24 weeks in Chinese patients compared with
conventional IFN-o,, [68].

HBeAg-positive chronic hepatitis B: A study of Peg-
IFN-0,, with or without LAM in 814 patients (>85 % were
Asian) showed that a 48-week course of Peg-IFN-aj,
monotherapy at 180 pg weekly achieved ALT normaliza-
tion in 41 %, HBeAg seroconversion in 32 %, HBV DNA
level <10’ copies/mL in 32 %, HBV DNA <400 copies/
mL in 14 %, and HBsAg seroconversion in 3 % at 6-month
post-treatment [69]. Sub-analyses in Asian patients found a
similar HBeAg seroconversion rate of 31 % [70]. Similar
results were observed in a trial in Hong Kong using Peg-
IFN-0y, [71]. The most recent 4-arm NEPTUNE study,
comparing 90 versus 180 pg weekly and 24 versus
48 weeks Peg-IFN-a,, treatment, showed that the highest
HBeAg seroconversion rate at 6-month post-treatment was
achieved in patients who received Peg-IFN-u,, at a dose of
180 ng weekly for 48 weeks (36.2 vs. 25.8 %, 22.9 and
14.1 % in those who received 90 pg for 48 weeks, 180 pg
for 24 weeks, and 90 pg for 24 weeks, respectively) [72].
The results from the NEPTUNE study confirm that the
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recommended dosage of Peg-IFN-a,, treatment should be
180 pg once weekly for 48 weeks. At 1 year after the end
of Peg-IFN-a,, treatment, delayed HBeAg seroconversion
was achieved in 14 % of the initial non-responders, and
durability of HBeAg seroconversion was seen in 86 % of
initial responders [70]. A long-term follow-up (mean
duration 3 years) study in 172 HBeAg-positive patients
treated with Peg-IFN-cy, with or without LAM showed a
sustained response in 81 % of initial responders and
delayed response in 27 % of initial non-responders. In
addition, HBsAg clearance was achieved in 11 and 30 % of
overall patients and initial responders, respectively, at the
last visit [73]. Another long-term follow-up (mean duration
6 years) study in 85 Chinese patients treated with Peg-IFN-
oo, at a dose of 1.5 pg/kg weekly for 32 weeks and LAM
100 mg daily for 52 or 104 weeks showed that 37 %
achieved initial response, and 77 and 57 % of the initial
responders had sustained HBeAg seroconversion and
virologic response (HBV DNA <10,000 copies/mL),
respectively, at 5 years. Together with delayed HBeAg
seroconversion in 69 % of the initial nonresponders, the
HBeAg seroconversion rate was 60 % at 5 years [74].
HBeAg-negative chronic hepatitis B: A study (61 %
Asians) on treatment with Peg-IFN-o,, 180 pg weekly for
48 weeks showed ALT normalization in 59 %, HBV DNA
level <20,000 copies/mL in 43 %, HBV DNA <400 cop-
ies/mL in 19 %, and HBsAg clearance in 3 % of the
patients at 6 months after the end of treatment [75]. The
combined response (ALT normalization and HBV DNA
<20,000 copies/mL) at 6 months after treatment was 45 %
in Asians, as compared with 36 % in overall patients [70].
A study of Peg-IFN-oy, &= LAM treatment for 48 weeks
showed virologic response (HBV DNA <60 IU/mL) in
43 % and ALT normalization in 40 % of treated patients at
6-month post-treatment [76]. Long-term follow-up of 230
patients treated with Peg-IFN-o,, &= LAM showed a sus-
tained virological response (HBV DNA <10,000 copies/
mL) in 21 % at 5 years after the end of treatment. The rate
of HBsAg seroclearance increased overtime from 5 % at
1-year post-treatment to 12 % (or 35 % among responders)
at 5-year post-treatment [77]. An Italian multicenter study
of extended therapy with Peg-IFN-u,, in 128 HBeAg-
negative genotype D patients showed that 48 weeks treat-
ment with Peg IFN-o,, 180 ug weekly, followed by
another 48 weeks of 135 pg weekly doses resulted in a
significantly higher virological response (HBV DNA
<2,000 IU/mL) rates at 1-year post-treatment than in those
treated for 48 weeks only (29 vs. 12 %, p = 0.03), as well
as a higher HBsAg seroclearance rate (6 vs. 0 %). Exten-
ded treatment was well tolerated and did not result in more
adverse events than the 48-week treatment course [78].
Chronic hepatitis B with cirrhosis: Treatment with a
52-week course of Peg-IFN-o,;, with or without LAM in 24
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HBeAg-positive patients with well-compensated cirrhosis
showed a higher rate of sustained virological response
(HBeAg seroconversion and HBV DNA <10,000 copies/
mL) at 26-week post-treatment, than that achieved in
patients without cirrhosis (30 vs. 14 %, p = 0.02). In
addition, improvement in liver fibrosis occurred more fre-
quently in patients with advanced fibrosis than in those
without advanced fibrosis (66 vs. 22 %, p < 0.001). The
side effects, including serious side effects, in patients with
and without advance fibrosis were comparable [79].

Combination therapy with IFN or Peg-IFN and LAM in
HBeAg-positive and HBeAg-negative chronic hepatitis B
patients had greater on-treatment HBV DNA suppression,
but there was no difference in sustained off-treatment
response when compared to IFN or Peg-IFN alone [60, 62,
66]. Combination therapy with Peg-IFN and adefovir dip-
ivoxil also showed a similar rate of sustained virologic
response at 6-month post-treatment to that achieved
with Peg-IFN alone [80]. A clinical trial of sequential
therapy with LAM 100 mg daily for 4 weeks followed by
Peg-IFN-u,, 1.0 png/kg weekly for a further 24 weeks in 36
patients with HBeAg-positive chronic hepatitis B showed a
significantly higher rate of HBV DNA undetectability
(<4,700 copies/mL, 50 vs. 14.8 %), and higher rates of
HBeAg loss (38.9 vs. 14.8 %) at 6-month post-therapy, as
compared with Peg-IFN-c,, monotherapy for 24 weeks in
27 patients [81]. Sequential therapy with adefovir or ent-
ecavir followed by Peg-IFN-a,, has also showed promising
results in small studies [82, 83]. Currently, there are on-
going clinical trials of different kinds of combination
therapy with Peg-IFN plus nucleos(t)ide analogues,
including sequential or intermittent combination therapy.
However, combination therapy cannot be recommended in
clinical practice until its benefit has been confirmed in
future studies.

Predictors of response to IFN-based therapy include
baseline and on-treatment factors. High baseline ALT and
low baseline HBV DNA are associated with a higher
response to IFN and Peg-IFN treatment. A recent study in
205 HBeAg-positive patients treated with Peg-IFN showed
that IL28B genotype AA (vs. AG/GG) at rs12980275 and
CC (vs. CT/TT) at rs 12979860 was significantly associ-
ated with HBeAg seroconversion and HBsAg seroclea-
rance [84]. Earlier studies showed that HBV genotypes A
and B had a better response to IFN and Peg-IFN treatment
than genotypes D and C, respectively [62]. Patients with
genotype C had a lower response than those with genotype
B when treated with a lower dosage of Peg-IFN-a,, (90 pg)
or for a shorter duration (24 weeks) [67]. However, the
most recent NEPTUNE study has confirmed a comparable
response to Peg-IFN-o,, 180 pg weekly for 48 weeks
between genotype B and C patients [72]. The results from
these studies suggest that Peg-IFN-a,, 180 pg for 48 weeks

could improve the response in patients with genotype C.
Pooled data from the two largest studies of HBeAg-positive
patients with Peg-IFN treatment showed that genotype A
patients with higher levels of baseline ALT or lower levels
of HBV DNA, and genotype B and C patients with both
higher ALT levels and lower HBV DNA levels had a high
predicted probability of treatment response [85]. It is
obvious that more extensive and prospective investigations
are required to confirm the findings related to the host
genetic factors and the interplay between host and viral
factors.

An on-treatment ALT flare followed by a decrease in
HBV DNA and HBeAg levels during Peg-IFN treatment
was found to be predictors of response at the end of
treatment and during post-treatment follow-up [86, 87].
On-treatment HBsAg levels or decline has been shown to
be a strong predictor of sustained response to Peg-IFN
treatment. Studies of quantitative HBsAg levels during a
48-week course of 180 pg Peg-IFN-o,, weekly treatment
in HBeAg-positive patients showed that higher rates of
HBeAg seroconversion at 6-month post-treatment in
patients with HBsAg levels <1,500 IU/mL at weeks 12 and
24 than in those with HBsAg levels >20,000 IU/mL at the
same time points (57 vs. 16 % at week 12, and 54 vs. 15 %
at week 24) [72, 88]. A study in HBeAg-positive Caucasian
patients with predominantly HBV genotype D and A
treated with Peg-IFN-o,, £ LAM for 52 weeks found that
patients who achieved no decline of HBsAg at week 12 had
a 97 % probability of non-response during post-treatment
follow-up [89]. However, a study in predominantly (88 %)
HBV genotype C and B Asians treated with Peg-IFN-
o, £ LAM for 48 weeks found that patients who achieved
no HBsAg decline at week 12 had only 82 % probability of
non-response [90]. A study of a 48-week course Peg-IFN-
o, £ LAM in HBeAg-negative patients found that
patients who achieved an HBsAg decline of >10 % from
the baseline at weeks 12 and 24 had a sustained virologic
response (HBV DNA <10,000 copies/mL) at 1-year post-
treatment in 47 and 43 % of cases, respectively, and an
HBsAg seroclearance rate of 23 % at 5 years after treat-
ment [36].

Side effects of IFN-based therapy: The most frequently
reported side effects are flu-like symptoms, headache,
fatigue, myalgia, alopecia, and local reaction at the
injection site. IFN and Peg-IFN have myelosuppressive
effects, but neutropenia <1,000/mm’ and thrombocyto-
penia <50,000/mm> are uncommon unless patients have
cirthosis or low cell counts prior to treatment. Neutro-
penia and thrombocytopenia induced by IFN or Peg-IFN
do not significantly increase the risk of infection and
bleeding, except in patients with cirrhosis or immuno-
suppression. Although IFN and Peg-IFN have many side
effects, they are mostly mild and usually well tolerated.
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Premature discontinuation due to patient intolerability
has been reported in 2-8 % of patients treated with
Peg-IFN.

Thymosin o;

A few studies have evaluated the efficacy of thymosin o,
treatment in patients with chronic hepatitis B. Treatment
with thymosin «; 1.6 mg twice weekly for 6 months
achieved a complete response (ALT normalization with
HBeAg loss and undetectable HBV DNA by solution
hybridization assay at 12 months after the end of ther-
apy) in 40-45 % patients, being higher in genotype
B-infected than in genotype C-infected HBeAg-positive
patients (52 vs. 24 %, p = 0.036) [91, 92]. In a Japanese
study in which 95 % of the patients were infected with
genotype C virus, 1.6 mg thymosin o, therapy achieved
HBeAg seroconversion rate of 21.5 % [93], similar to
24 % in Taiwanese patients infected with genotype C
[92]. A meta-analysis including 353 patients from five
trials showed that the odds ratios for virological response
to thymosin o; at the end of treatment, and 6 and
12-month post-treatment were 0.56 (0.2-1.52), 1.67
(0.83-3.37), and 2.67 (1.25-5.68), respectively, with a
significantly increasing virological response over time
after thymosin therapy [94]. A randomized controlled
trial of lymphoblastoid IFN 5 MU in combination with
thymosin «; 1.6 mg three times weekly compared with
lymphoblastoid IFN 5 MU three times weekly for
24 weeks was conducted in 96 patients with HBeAg-
positive chronic hepatitis B. The study found a margin-
ally higher HBeAg loss rate (45.8 and 28 %; p = 0.067)
in the patients undergoing combination therapy at 1 year
after the end of treatment as well as a higher but non-
significant difference in HBeAg seroconversion rate (43.8
vs. 28 %) [95]. A randomized controlled trial comparing
thymosin o; and LAM for 24 weeks followed by con-
tinuous LAM therapy versus LAM monotherapy showed
higher HBeAg seroconversion rate (26.5 vs. 6.1 %,
p = 0.024) at week 24, but the difference became non-
significant (26.5 vs. 21.2 %) at week 52 [96]. In HBeAg-
negative patients, a randomized controlled study of
treatment with thymosin «; 1.6 mg twice weekly
for 6 months in Chinese patients showed a complete
response (ALT normalization and undetectable HBV
DNA by PCR assay) in 11 (42.3 %) of 26 patients at
6 months after the end of treatment [97]. The main
advantages of thymosin oy are the fixed duration of
treatment and minimal side effects. However, the number
of patients included in thymosin o, trials was far smaller
in comparison with recent trials using Peg-IFN or
nucleoside analogues. More well-designed large-scale
studies are needed to confirm its efficacy.
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Immunomodulating agents: overall conclusions

A finite duration of IFN-based treatment results in increased
sustained virological, biochemical, and serological response,
improvement of liver histology, prevention or reduction of
liver disease progression, and higher overall and hepatic
complication-free survival rates. Peg-IFN will eventually
replace conventional IFN because of a better pharmacoki-
netic profile, more convenient once weekly dosing and
superior efficacy. HBeAg seroconversion and HBsAg se-
roclearance can increase over time during post-IFN treat-
ment follow-up. IFN-based therapy is as effective as or even
better in patients with well-compensated cirrhosis than in
patients without cirrhosis and has comparable side effects.
IFN is contraindicated in patients with decompensated cir-
rhosis. Baseline and on-treatment response predictors may
be potential tools to optimize and improve IFN-based treat-
ment in the future. Future studies to identify how to optimize
treatment strategy according to on-treatment predictors are
needed. Thymosin o is effective in the treatment of HBe Ag-
positive and HBeAg-negative chronic hepatitis B patients,
with a significantly increasing virological response over time
after the end of therapy.

Nucleos(t)ide analogs (nucs)

LAM, adefovir dipivoxil, entecavir, and telbivudine have
been approved in all Asia—Pacific countries. Tenofovir
disoproxil fumarate has been approved in some countries
and awaiting approval in others. Clevudine has been
approved in Korea and the Philippines, while its develop-
ment has been stopped in other countries due to myopathy.

Nucs can be structurally grouped as L-nucleoside, acy-
clic nucleotide phosphonate, or D-cyclopentanes, which
reflect their patterns of antiviral drug resistance (Table 3).
For example, resistance to L-nucleosides is mainly asso-
ciated with HBV codon substitutions at rtM204V/I and
occasionally at rtA181T; resistance to acyclic phosphonate
is associated with HBV codon substitutions at rtA181T/V
and/or at rtN236T; and resistance to the D-cyclopentane
group in association with a change at rTI169 or rtT184 or
rtS202 or rM250V in combination with rtL180M plus
rtM2041/V. The rtA181T is a multi-drug resistance change
affecting both the L-nucleoside and acyclic phosphonate
nucleotide groups (Table 3).

L-Nucleoside analogues
Lamivudine
LAM, an L-nucleoside analogue, at a daily dose of 100 mg,

is effective in HBV suppression, ALT normalization, and
histologic improvement.
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Table 3 Patterns and pathways of antiviral drug resistance in chronic hepatitis B in the context of cross-resistance
Pathway Amino acid substitutions in the rt domain LAM LdT ETV ADV TDF
Wild-type S S S S S
L-Nucleoside (LAM/LAT) M2041/V R R I S S
Acyclic phosphonate (ADV) N236T S S S R 1
Shared (LAM, LdT, ADV) A181T/V R R S R I
Double (ADV, TDF) A181T/V 4 N236T R R S R R
D-Cyclopentane (ETV) L181 M + M204 V/I R R R S S

+ 1169 £+ T184
+ 5202 + M250

Data modified from Zoulim and Locarnini [112] and updated from van Bommel et al. [136] and Patterson et al. [137]

I intermediate sensitivity, R resistant, S sensitive based on cell culture and clinical responses

HBeAg-positive patients: In the Asian LAM trial and a
multi-center trial in China, HBeAg seroconversion was
achieved in approximately 44-47 % after 4-5 years of
LAM therapy [98, 99]. The rate of HBeAg seroconversion
is proportional to the pre-treatment ALT level and is
highest among patients with ALT over 5 times the ULN
[100]. Children treated with LAM for 1 year with dosages
adjusted for body weight (3 mg/kg) achieved similar effi-
cacy and safety to that in adults [101]. Sustained HBeAg
seroconversion was documented in ~80 % of patients
after cessation of LAM therapy in earlier studies, but the
relapse rate was much higher if HBeAg-negative HBV
reactivations were counted. In the largest study thus far, the
relapse (defined as HBV DNA >140,000 copies/mL) rate
after 12 months consolidation was 8.7 % in 5 years, in
contrast to 61.9 % in those with consolidation therapy
<12 months [102]. The relapse (HBV DNA level
>10* copies/mL) rate was 54 % in 1 year and 68 % in
2 years in a Taiwanese study [103]. In a study involving 71
Taiwanese patients who had achieved HBeAg serocon-
version with undetectable HBV DNA (<300 copies/mL)
and stopped LAM therapy after 6-15 months consolidation
therapy, 19 patients (27 %) encountered clinical relapse
(20 % HBeAg-negative relapse, 7 % HBeAg reversion)
within 6-15 months after therapy [104]. The relapse rate
was significantly higher in patients with genotype C HBV
infection [odds ratio 5.92 (1.6-21.7) vs. genotype B] in one
earlier study involving a total of 82 patients [105], but no
difference was found in a more recent study using a more
stringent stopping rule [104]. In pediatric patients, the
durability of HBeAg seroconversion increased from 82 %
to more than 90 % in those who had received LAM for
52 weeks and more than 2 years, respectively [101]. It
seems appropriate to conclude that LAM can be stopped
after HBeAg seroconversion, provided that HBV DNA is
undetectable by PCR assay and consolidation therapy has

been administered for at least 12 months [102, 104]. After
stopping therapy, close monitoring of the patients is
mandatory.

HBeAg-negative patients: A randomized controlled trial
in Hong Kong and China among 89 HBeAg-negative
chronic hepatitis B patients showed that 2-year LAM
treatment resulted in a maintained complete response
(HBV DNA <2,000 IU/mL and normal ALT) rate of 56 %
at 2 years, and 26 % achieved a sustained response [a
sustained response rate of 36/56 (46.4 %)] 6 months after
stopping LAM [106]. Studies among Chinese patients
(genotype C dominant) who stopped LAM treatment after a
minimum of 24 months with at least 3 HBV DNA unde-
tectable results 6 months apart showed a post-treatment
relapse (HBV DNA >10* copies/mL) rate of 37-50 % at
1 year [107, 108]. In a study involving 85 Taiwanese
patients (genotype B 73 %) with pre-therapy ALT
>5 x ULN, 81 % achieved maintained virologic response
(HBV DNA <10° copies/mL and normal ALT) during
6-12 months LAM therapy, and 39 % achieved sustained
virologic response [a sustained response rate of 33/69
(48 %)] at 1-year post-therapy [109]. Overall, the relapse
rate in those who had a consolidation therapy >12 months
was up to 50 % at 1-year post-therapy.

A recent study from Hong Kong including 53 HBeAg-
negative patients treated with LAM for a mean of 34
(12-76) months and who stopped LAM therapy for
47 £+ 35 months showed that both end-of-treatment
HBsAg <100 IU/mL and reduction by >1 log from the
baseline were associated with sustained response (HBV
DNA <200 IU/mL) of 78 % at 1 year, with an NPV of
96 % [110].

LAM is well tolerated, even in patients with decom-
pensated cirrhosis and in pediatric patients. Long-term
therapy in viremic patients with advanced fibrosis or early
cirrhosis delays clinical progression by reducing the rate of
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hepatic decompensation and HCC development, even in
patients with low or normal ALT levels [111]. However,
after 6-9 months of LAM therapy, viral breakthrough may
occur due to the emergence of drug resistance. The key
LAM-resistant mutant is at the YMDD locus in the cata-
lytic domain of the HBV polymerase gene (rtM2041/
V &£ rtL180M).  Another = LAM-resistant  mutation,
rtA181T/V, has also been reported. Compensatory codon
substitutions that may increase viral replication may also
be found, such as rtL80V/I, rtI169T, rtV173L, rtT184S/G,
rtS2021, and rtQ215S [112]. The incidence of rtM204 V/I
substitution increased from 24 % in 1 year to 70 % in
5 years [99, 113]. The substitutions of rtM204I/V do not
confer cross-resistance to adefovir or tenofovir, but do so to
entecavir. LAM resistance is associated with virological
breakthrough, biochemical breakthrough, and sometimes
hepatic decompensation [114]. Development of drug
resistance may also reverse the histologic benefit and
diminish the benefit in reducing disease progression among
patients with advanced fibrosis and early cirrhosis [111].
Higher body mass index, male gender, and higher baseline
HBV DNA are independent baseline predictors of LAM
resistance [113]. Patients who have undetectable HBV
DNA at month 6 of LAM treatment have a lower risk of
LAM resistance. In the GLOBE study, undetectable HBV
DNA at week 24 was associated with LAM resistance in 9
and 5 % patients at 2 years among HBeAg-positive and
HBeAg-negative patients, respectively [115].

Telbivudine

Telbivudine (LdT) is an L-nucleoside analogue with potent
and specific anti-HBV activity. LdT 600 mg daily has been
shown to have more potent HBV suppression than LAM and
ADV [116, 117]. In the phase III international trial of LdT
versus LAM (GLOBE study), 55.6 % of HBeAg-positive
patients and 77.5 % of HBeAg-negative patients achieved
undetectable HBV DNA (<300 copies/mL), and 29.6 % of
patients had HBeAg seroconversion after 2 years of LdT
treatment [115]. Two other randomized studies have con-
firmed an HBeAg seroconversion rate of 25-28 % after
1 year treatment with LdT [116, 117]. Among the 39 patients
who achieved HBeAg seroconversion and off LdT per pro-
tocol (treatment >52 weeks, HBeAg-negative >24 weeks,
and HBV DNA <5 log;( copies/mL) in the GLOBE study,
80 % had sustained HBeAg seroconversion, 66 % had HBV
DNA <2,000 TU/mL, and 29 % had undetectable HBV DNA
after a median follow-up of 29 weeks [115]. After excluding
patients who had drug resistance at year 2 in the GLOBE
study, continuation of LdT till year 3 was associated with
undetectable HBV DNA in 76 % of HBeAg-positive and
86 % of HBeAg-negative patients, HBeAg seroconversion
in 37 % of HBeAg-positive patients, and HBsAg loss in
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1.6 % of HBeAg-positive patients, but no HBsAg loss in
HBeAg-negative patients [118]. Rapid reduction of serum
HBsAg (>1 log decline in year 1) during LdT therapy was
associated with a higher chance of HBsAg clearance at year 3
[119]. In another small study in China (N = 17), serum
HBsAg <100 IU/mL at the end of 2-year LdT treatment was
associated with sustained HBeAg seroconversion with
undetectable HBV DNA up to 2-year post-treatment (sen-
sitivity 75 %, specificity 100 %) [120].

LdT is generally well tolerated, even in patients with
decompensated liver cirrhosis. In the 2-year report of the
GLOBE study, increase in creatine kinase levels was
observed more frequently in recipients of LdT, of whom
12.9 % (vs. 4.1 % in LAM-treated controls) had grade 3 or
4 elevation (>7 x ULN). The majority of grade 3 or 4
creatine kinase elevations decreased spontaneously to
grade 2 or lower during continued treatment; they did not
correlate with musculoskeletal side effects, and no cases of
rhabdomyolysis were reported. Symptomatic myopathy
was reported in two patients, and in both, resolved after
stopping LdT [115].

The commonest LdT-resistant substitution is rtM2041,
and rtA181T/V also confers resistance to LdT [112]. The
2-year risk of LdT resistance was 25.1 % in HBeAg-
positive patients and 10.8 % in HBeAg-negative patients
[115]. The risk of drug resistance was lower than that with
LAM in both the international (GLOBE) and China phase
III studies [115, 116]. In the subgroup that had no geno-
typic resistance at year 2 and received LdT up to year 3, an
incremental 1.0 % HBeAg-positive and 2.1 % HBeAg-
negative patients developed genotypic resistance to LdT
[118]. Early viral suppression with undetectable HBV
DNA at week 24 was associated with improved clinical
outcome and lower risk of drug resistance [115]. Among
HBeAg-positive patients with favorable baseline factors
(ALT > 2 x ULN and HBV DNA < 9 log copies/mL),
71 % have undetectable HBV DNA at week 24, and 89, 52,
81, and 1.8 % of these patients will have undetectable
HBV DNA, HBeAg seroconversion, normal ALT, and drug
resistance at the end of 2 years’ LdT treatment, respec-
tively. Among HBeAg-negative patients with favorable
baseline factors (HBV DNA <7 log copies/mL), 95 %
have undetectable HBV DNA at week 24, and 91, 83, and
2 % of them will have undetectable HBV DNA, normal
ALT, and drug resistance at the end of 2 years’ LdT
treatment, respectively [121].

Acyclic nucleotide phosphonates
Adefovir dipivoxil

Adefovir dipivoxil (ADV) is an acyclic adenine nucleotide
analogue and a potent inhibitor of HBV reverse
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transcriptase. ADV 10 mg daily for 48 weeks has been
shown to effectively suppress HBV DNA replication,
normalize ALT, and improve liver histology in two large,
international multicenter double-blinded, placebo-con-
trolled studies.

In HBeAg-positive patients, HBeAg seroconversion can
be achieved in 30-37 % after 3—5 years of ADV treatment
[122, 123]. In HBeAg-negative patients, 67 % of patients had
HBV DNA <200 IU/mL after 240-week treatment with ADV
[124]. There was no difference in the response to ADV across
different HBV genotypes or ethnic groups. Long-term ADV
therapy with HBV suppression was associated with fibrosis
regression in 73 % of patients [124].

The safety profile of 10 mg ADV daily was similar to
placebo in patients with compensated chronic hepatitis B.
Renal laboratory abnormalities reported with 30 mg daily
ADV were not observed with the 10 mg dosage during the
1-year study period. Reversible increase in serum creatinine
of more than 0.5 mg/dL (maximum 1.5 mg/dL) was reported
in up to 3 % of patients when the therapy was extended to
5 years [122, 124]. In patients with decompensated chronic
hepatitis B, the rate of serum creatinine increase by more than
0.5 mg/dL among patients treated with ADV wasup to 24 %,
similar to arate of 17 % in patients treated with entecavir in a
randomized control trial [125].

The primary drug resistance mutations against ADV are
rtA181 V/T at domain B and rtN236T at domain D of the
HBYV polymerase gene. The substitution rtA181T is asso-
ciated with a stop codon substitution at the S gene
(sW172%), which leads to intracellular HBV retention
[126]. Hence, patients with rtA181T substitution may not
have the classical virological breakthrough as patients with
LAM resistance. The cumulative incidence of genotypic
resistance to ADV was 0, 3, 11, 18, and 29 % at the end of
each successive year of therapy in HBeAg-negative
patients [124]. HBV with substitutions rtA181T/V has
partial cross-resistance to tenofovir, LAM, and LdT but
remains sensitive to entecavir. The substitution rtN236T
has partial cross-resistance to tenofovir, but it is sensitive
to LAM, LdT, and entecavir [112]. HBV DNA <200 1U/
mL at week 48 can predict a lower risk of ADV resistance
(6 %, vs. 49 % of those with HBV DNA >200 IU/mL)
during 192 weeks of ADV treatment in HBeAg-negative
patients [124].

ADV is effective in suppressing HBV DNA in patients
with rtM2041/V HBV substitution. Switching to ADV
monotherapy is associated with a high risk of ADV resis-
tance among patients with LAM resistance. In a Korean
report among 320 LAM-resistant patients switching to
ADV monotherapy, the 5-year cumulative probability of
ADV resistance was 65.6 % [127]. Add-on ADV therapy
for LAM resistance resulted in better HBV DNA sup-
pression (undetectable HBV DNA: 82-87 %) and lower

risk of ADV resistance (4-8 %) in 3—4 years [128]. Add-on
ADV in patients with HBV DNA >10 copies/mL
(>200,000 TU/mL) is associated with insufficient virologic
response [129]. In a small report from China, stopping
ADV among LAM-resistant patients was associated with a
high risk of virological relapse (80 % in 1 year), even after
achieving HBeAg seroconversion with good HBV DNA
suppression [130].

Tenofovir disoproxil fumarate

Tenofovir disoproxil fumarate (TDF) is an acyclic adenine
nucleotide analogue effective for both HBV and HIV. In a
phase III randomized trial, TDF 300 mg daily has been
shown to have superior HBV DNA suppression than ADV
10 mg daily in both HBeAg-positive and HBeAg-negative
patients [131]. TDF treatment for 3 years was associated
with 72 % undetectable HBV DNA (<400 copies/mL) and
26 % HBeAg seroconversion in HBeAg-positive patients,
and 87 % undetectable HBV DNA in HBeAg-negative
patients. HBsAg clearance developed in 8 % of HBeAg-
positive patients, but they were all non-Asians infected by
genotype A, D, and F HBV. No HBsAg clearance was
observed in HBeAg-negative patients [132]. TDF treatment
for 5 years was associated with sustained viral suppression
(2.8 % remained viremic) and significant regression of
fibrosis (44 %)/cirrhosis (76 %), whereas no resistance to
TDF was detected (Marcellin P, et al. Hepatology 2011;54:
480A and 1011A).

TDF is generally well tolerated, even in patients with
decompensated liver disease [133]. No case of lactic aci-
dosis has been reported. Over 3 years of TDF treatment,
only 1 (of 641) patient had mild renal impairment, which
resolved after dosage reduction to every other day [132]. A
comparative study has shown that TDF therapy of HBV
mono-infection results in a yearly median change of esti-
mated glomerular filtration rate (GFR) of —0.92 mL/min,
similar to the —0.92 mL/min with LAM, —1.02 mL/min
with ADV, —1.00 mL/min with entecavir therapy, and
lower than the —2.05 mL/min in untreated HBV patients
and —2.64 mL/min with TDF therapy in HIV-HBV
patients [134]. Decrease in bone mineral density and
osteomalacia have been reported among patients with HIV
infection treated with TDF-containing antiretroviral regi-
mens, but similar bone problems have not been reported in
HBV mono-infected patients [135]. Although the coexis-
tence of several factors related to disease and adverse drug
effects make it difficult to directly apply the experience of
TDF in HIV to that of HBV mono-infected patients, close
observation on proximal tubular injury and bone toxicity
must be maintained.

No TDF resistance has been reported during treatments
of up to 3 years [132]. TDF is highly effective in the
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treatment of patients with rtM2041/V HBV substitutions,
but rtA181 V/T and rtN236T confer intermediate resis-
tance to TDF [112]. Among patients who have A181T/V
and/or rtN236T substitution, viral suppression by TDF is
reduced [136, 137]. In a German study of 113 patients who
had experienced failure of previous LAM and/or ADV
therapy and then switched to TDF treatment for a median
of 23 months, the probability of undetectable HBV DNA
(<400 copies/mL) was 52 % for those with ADV resis-
tance versus 100 % for those without ADV resistance, and
patients with a baseline HBV DNA >7 log;g copies/mL
had the lowest response [136]. Other studies have con-
firmed that switching to TDF is more effective than
switching to entecavir in patients with prior failure of or
resistance to LAM and ADV, but the virological responses
were often suboptimal [137, 138]. A recent study further
showed that rescue therapy with ETV plus TDF achieved
undetectable HBV DNA (<80 IU/mL) after a median of
6 months in 51 (89.5 %) of 57 patients, in whom Nuc
therapy (LAM + ADV, ETV + ADV, TDF + LAM) had
failed and who had multi-drug resistance rtA181V/T or
other multiple drug resistance mutations [139].

D-cyclopentanes
Entecavir

Entecavir (ETV) is a cyclopentyl guanosine analogue with
potent selective inhibition of the priming, DNA-dependent
synthesis and reverse transcription functions of HBV poly-
merase. ETV 0.5 mg daily has been shown to have greater
HBV DNA suppression than LAM and ADV, with HBV
DNA becoming undetectable (<300 copies/mL) in 60-71 %
of HBeAg-positive patients and 88-90 % of HBeAg-nega-
tive patients at weeks 48-52. In the 5-year report of an
international trial among HBeAg-positive patients, who
switched from ETV 0.5 mg daily to 1 mg daily since year 3,
the cumulative probability of HBV DNA <300 copies/mL
was 89, 91, and 94 % in years 3, 4, and 5, respectively. In
addition to a HBeAg seroconversion rate of 31 % by year 2,
the HBeAg seroconversion rate in 141 HBeAg-positive
patients was 23 % from weeks 96-240 [140]. This result was
confirmed by other studies among patients treated with ETV
0.5 mg daily, with 83-90 % patients having undetectable
HBV DNA, and 24-44 % patients having HBeAg serocon-
version at year 3 of treatment [141-143]. HBsAg seroclea-
rance occurs in 0-1.4 % of HBeAg-positive patients after
3-5 years of ETV treatment [140-142]. Continuous HBV
DNA suppression by ETV was associated with improvement
of hepatic necroinflammation and fibrosis [144]. A recent
large study showed that there was a significant overall decline
in HBsAg level from baseline to year 1 to year 2, but only
30 % of the patients had a decline >0.5 log;o IU/mL. It was
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also found that baseline HBsAg level and decline >0.5
log;o IU/mL at week 12 or 24 were not predictive of HBeAg
seroconversion at 2 years [145].

Among HBeAg-negative patients who discontinued
ETV therapy after achieving undetectable HBV DNA
levels had been documented on 3 occasions each 6 months
apart [1], 47 % of 61 patients did not experience relapse
during 12 months off-ETV therapy (Jeng WIJ, et al.
Hepatology 2011;54:S1014A abst 1379). Approximately
21 % of patients will have partial virologic response to
ETV 0.5 mg daily, defined as >1 log decline from baseline
but a detectable HBV DNA at week 48 of treatment. On
continuation of ETV for 2-3 years without adaptation,
81 % of the partial virologic responders achieved unde-
tectable HBV DNA, and none developed ETV resistance.
Hence, treatment adaptation is generally not required for
partial virologic response to ETV [142].

ETV is well tolerated. In decompensated patients, a
German study showed that 5 of 16 patients with a model of
end-stage liver disease (MELD) score >22 developed lactic
acidosis and 1 died [146]. In a multicenter study with 93
patients with cirrhosis with Child’s class B or C, one
patient with a MELD score of 21 developed lactic acidosis,
which resolved spontaneously [125]. No lactic acidosis was
reported in a Korean cohort of 70 patients with decom-
pensated cirrhosis and another Hong Kong cohort of 36
patients with severe acute exacerbation of chronic hepatitis
B [147, 148].

ETV has a high genetic barrier of resistance. Drug
resistance requires at least 3 codon substitutions, including
rtL180 M, rtM2041/V, plus a substitution at one of the
following amino acids: rtT184S/G, rtS202I/G, and/or
rtM250 V [112]. Among treatment-naive patients, ETV
resistance is very rare. In the long-term follow-up of an
international trial on HBeAg-positive and HBeAg-negative
patients, the cumulative probability of ETV resistance was
1.2 % after 5 years of ETV treatment [149]. This is con-
firmed by studies in Japan and Hong Kong, where ETV
resistance was detected in 0.8-3.3 % of patients who
received ETV for 2-3 years [143, 145].

ETV is effective in the treatment of ADV and TDF
resistance. Switching to ETV monotherapy (1 mg daily) is
initially effective in LAM-resistant patients (rtM2041/V),
but the subsequent risk of ETV resistance is high. The
presence of rtM204I/V and rt1180 M reduces the genetic
barrier to ETV and resulted in a cumulative genotypic
resistance and virological breakthrough of 51 and 43 % at
year 5, respectively [149].

Other direct antiviral agents

Clevudine is an L-nucleoside pyrimidine analogue with
potent antiviral activity against HBV. Clevudine 30 mg
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daily for 24 weeks has been shown to be associated with
59 % undetectable HBV DNA (<300 copies/mL) and
7.6 % HBeAg seroconversion in HBeAg-positive patients;
with 92 % undetectable HBV DNA in HBeAg-negative
patients. The virologic relapse was slow and gradual within
24 weeks of stopping treatment. Mutations at rtA181T
could be detected in 2.7 % of HBeAg-positive patients at
week 24. Both rtM2041/V and rtA181 V/T mutations
confer resistance to clevudine. The global development of
clevudine was terminated in 2009 because of case reports
of serious myopathy related to myonecrosis [150].

LB80830 is a new acyclic nucleotide phosphonate with
chemistry similar to ADV and TDF. In a phase II, open-
label, multicenter study among 65 LAM-resistant patients,
a dose-dependent reduction in HBV DNA was observed up
to —3.92 log copies/mL at the optimal dose of 150 mg
daily at week 12 [151]. No significant adverse event was
observed. Further clinical trials are warranted to confirm
the efficacy and safety of this drug.

De novo combination treatment of direct antiviral
agents

In a phase II study, combination of LdT and LAM was
found to be inferior to LdT monotherapy in terms of HBV

DNA suppression and risk of drug resistance. In another
study comparing combination of LAM and ADV versus
LAM monotherapy for 2 years, combination therapy was
associated with a lower risk of LAM resistance, but similar
HBV DNA suppression. However, LAM resistance still
developed in 15 % of patients who received combination
LAM and ADV therapy [152]. A most recent European
study involving 78 Nuc-experienced patients has shown
that combination of TDF and emtricitabine (FTC) achieved
undetectable HBV DNA at week 96 in >94 % of the
patients [153]. So far, there is no evidence that combination
of two direct antiviral agents results in better viral sup-
pression as compared to a single agent.

Therapy with nucs: overall conclusions

The cross-trial comparisons of antiviral efficacy in ran-
domized trials are presented in Table 4. ETV and TDF
have superior viral suppression and drug-resistance profiles
compared to LAM or ADV. Although LdT has similar viral
suppression as compared to ETV and TDF, it has signifi-
cantly higher risk of drug resistance. Continuous viral
suppression is associated with histologic improvement and
regression of liver fibrosis and cirrhosis. Increased antiviral
potency is not correlated with a higher chance of HBeAg

Table 4 Comparison of viral responses among the five direct antiviral agents in treatment-naive patients with chronic hepatitis B based on data
from major randomized controlled trials and long-term follow-up cohorts

LAM ADV ETV LdT TDF
HBeAg + - + - + - + - + -
HBYV DNA undetectable (%)
Year 1 3640 71-72 13-21 63-71 67-71 88-90 60 88 76 93
Year 2 39 57 NA 71 80-83 96 56 82 NA NA
Year 3 20 40 36 73 83-89 98 77 83 72 87
Year 4 NA NA 38 62 91 NA NA NA NA NA
Year 5 NA NA 39 53 94 NA NA NA NA NA
HBeAg seroconversion (%)
Year 1 15-22 NA 12-18 NA 21-22 NA 23 NA 21 NA
Year 2 25-29 NA 29 NA 31 NA 30 NA 26 NA
Year 3 35-40 NA 37 NA 44* NA 37° NA 26 NA
Year 4 4647 NA 35 NA NA NA NA NA NA NA
Year 5 44 NA 30 NA NA NA NA NA NA NA
Genotypic resistance (%)
Year 1 12-24 6 0 0 0 0 5 2 0 0
Year 2 40-50 26 NA 3 0 NA 25 11 0 0
Year 3 53-71 NA NA 11 1.2 +3.6 +6.2 0 0
Year 4 67-70 NA NA 18 1.2 NA NA 0 0
Year 5 71 NA NA 29 1.2 NA NA 0 0

NA not available
? Cumulative

" Excluding those with resistance at year 2
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seroconversion or HBsAg clearance. On-treatment moni-
toring and adaptation of the drug regimen is recommended
if LAM, ADV, or LdT is used to reduce the risk of
developing drug resistance. Cohort studies have shown that
up to 40 % virological breakthroughs are not associated
with drug resistance and are likely due to the lack of
medication adherence [154]. Rescue therapy using
nuc(s) without cross-resistance (Table 3) should be
administered as soon as genotypic drug resistance is con-
firmed. The indications of drug therapy in patients with
renal insufficiency or failure are similar to those in ordinary
patients. Since all of the currently available nucs are
excreted unchanged in the urine, the nuc dose should be
adapted in patients with GFR <50 mL/min: half dose daily
or full dose on alternate day if GFR is 3049 mL/min; one
dose every 3 days if GFR is 10-29 mL/min; one dose a
week after dialysis [155]. Stopping treatment among
HBeAg-positive patients can be considered if HBeAg
seroconversion with undetectable HBV DNA by PCR
persists for more than 12 months. Stopping treatment in
HBeAg-negative patients after demonstration of undetect-
able HBV DNA >12 months results in a relapse rate of
50 % at 1-year post-therapy. HBsAg clearance is a remote
ideal endpoint to stop antiviral agents, and quantitative
HBsAg will be a potential marker to guide treatment ces-
sation. Since most patients on nuc treatment require long-
term therapy, drug resistance is a great concern. In
choosing a direct antiviral agent to initiate therapy, anti-
viral potency, resistance profile, and drug cost should be
considered [5]. In general, the first-line therapy should be
either ETV or TDF, and the second-line therapy should be
LdT, ADV, and LAM. Nonetheless, pharmacoeconomic
studies will be helpful in individual countries in the Asia—
Pacific region, because cost is one of the most important
factors in the choice of drug for initial therapy [5].

Special groups of patients
Pregnancy

When women in the childbearing age require antiviral
therapy, the issue of pregnancy must be discussed before
starting treatment. For anti-HBV therapy, IFN-based ther-
apy is preferable, and pregnancy is discouraged during IFN
therapy. In pregnant women with chronic HBV infection
who need antiviral therapy, the liver disease stage of the
mother and potential benefit of treatment must be weighed
against the risk to the fetus. IFN-based therapy is contra-
indicated because of its antiproliferative effect; the only
choice is a nuc with small risk to the fetus. Among the
nucs, LdT and TDF are classified as category B drugs (no
risk in animal studies, but unknown in humans), whereas
LAM, ADV, and ETV are classified as category C drugs
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(teratogenic in animals, but unknown in humans) by the US
FDA [156].

For prevention of vertical transmission, a meta-analysis
of randomized controlled trials (238 LAM-treated and 232
untreated patients) showed a 13.0-23.7 % lower incidence
of intrauterine infection, indicated by newborn HBsAg
(OR: 0.38, 95 % CI: 0.15-0.94; p = 0.04) and HBV DNA
(OR: 0.22, 95 % CI: 0.12-0.40; four RCTs, p < 0.001)
seropositivity. The LAM-treated group showed a
1.4-2.0 % mother-to-child transmission rate as assessed at
9-12 months, indicated by infant HBsAg (OR: 0.31, 95 %
CI: 0.15-0.63; four RCTs, p < 0.01) and HBV DNA (OR:
0.20, 95 % CI: 0.10-0.39; two RCTs, p < 0.001) sero-
positivity. No significant higher adverse effects or com-
plications in pregnancy were observed [157]. In a more
recent prospective and open-label study conducted in
China, 229 mothers with HBeAg positivity and HBV DNA
>10" copies/mL received LdT 600 mg daily from week 20
to week 32 of gestation (n = 135) or served as untreated
controls (n = 94). Forty-three (33 %) of the treated
mothers and none of the untreated controls had undetect-
able HBV DNA (<500 copies/mL) at delivery. With
standard HBV vaccination and hepatitis B immunoglobulin
(HBIg), the incidence of perinatal transmission was lower
in the infants born to the treated mothers than to the con-
trols (0 vs. 8 %, p = 0.002). No serious adverse events
were noted in the treated mothers or their infants [158].
According to an antiretroviral pregnancy registry, TDF
therapy in 942 pregnant women (including 606 in the first
trimester) resulted in a rate of birth defects similar to the
background rate [159]. It was also shown that TDF was
superior to LAM in the prevention of mother to child
transmission (Lawler J, et al. Hepatology 2011;54:S892A,
abst 1117). These studies have shown that antiviral therapy
administered in late pregnancy may further reduce the risk
of perinatal HBV infection from highly viremic mothers, as
compared with passive-active immunization alone. How-
ever, the extent of benefit, the threshold of serum HBV
DNA level for initiating therapy, the optimal time to start
therapy, the appropriate choice of antiviral agent, and the
optimal duration of therapy have not been determined.

Patients with concurrent HCV, HDV, or HIV infection

Patients with concurrent HCV, HDV, or HIV infections
tend to have a higher incidence of cirrhosis, HCC, and
mortality. Insufficient data exist to reach firm conclusions
on the management of patients with HCV and/or HDV
infections. However, it is generally agreed that the domi-
nant virus should be identified before designing therapeutic
strategy. If HBV is dominant, treatment should be aimed
toward this virus. If HCV is dominant, Peg-IFN therapy in
combination with ribavirin can achieve a sustained HCV
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clearance rate comparable to that in HCV mono-infection.
This has been demonstrated in an open-label, comparative,
multicenter study involving 321 Taiwanese patients with
active HCV infection, in which patients with HCV geno-
type 1 infection received Peg-IFN-a,, 180 ng weekly and
ribavirin (1,000-1,200 mg) daily for 48 weeks. Patients
with HCV genotypes 2 or 3 received Peg-IFN-a,, 180 pg
weekly and ribavirin 800 mg daily for 24 weeks. The
sustained virologic response in HCV genotype 1-infected
patients was comparable between 161 HBV + HCV
patients and 160 HCV mono-infection patients (72.2 vs.
77.3 %). For patients with HCV genotype 2/3 infections,
the sustained virologic response values were 82.8 and
84.0 %, respectively [160].

LAM is ineffective in patients with chronic HDV
infection. Small randomized controlled trials using
3-9 MU IFN for 3-24 months showed a biochemical and
virologic response in up to 70 % of patients with chronic
HDV infection. Higher doses of IFN (9 MU thrice weekly)
for 12 months have been found to inhibit HDV-RNA,
normalize ALT, and improve histology in patients with
chronic HDV infection. ALT response was sustained in
50 % of patients, and the long-term outcomes and survival
improved significantly even in patients with liver cirrhosis
[161]. A recent randomized trial using Peg-IFN-o,, with or
without ADV combination or ADV monotherapy was
conducted in 90 patients with chronic HDV infection. End-
of-treatment serum HDV RNA negativity rate was 23, 24,
and 0 % in Peg-IFN + ADV, Peg-IFN, and ADV groups,
respectively, but the virologic response was sustained in
only 28, 28, and 0 % at the end of 24 weeks follow-up,
respectively [162].

In patients with concurrent HIV and HBV infection, the
accepted threshold for initiation of HBV therapy in HIV-
HBYV coinfected individuals is HBV DNA >2,000 IU/mL
[163]. In patients with concurrent HIV infection and CD4+
counts of more than 500 cells/pL, treatment options
include agents without anti-HIV activity: IFN, ADV, and
LdT. IFN-based therapy or ADV is preferred because of
the absence of resistance in the former and a low resistance
profile in the latter. In practice, TDF is always the treat-
ment of choice, and thus a regimen of TDF, FTC, and a
third active antiretroviral drug should be proposed to pre-
vent the selection of HIV-resistant mutants. Both LAM and
TDF are active against both HBV and HIV and can be used
in combination as part of highly active antiretroviral ther-
apy (HAART) in patients who need both anti-HBV and
anti-HIV therapies. HBV-active HAART should contain
TDF in all individuals (provided there is no TDF contra-
indication), and this is usually co-prescribed with FTC as
Truvada or with LAM. TDF in HIV-HBV coinfected
individuals has been shown to result in high rates of HBV
DNA suppression (>90 %), HBeAg loss (46 %), and

HBsAg loss (12 %) in HBeAg-positive patients after
5 years of treatment, without evidence of resistance [164].
If TDF-associated renal toxicity occurs, the dose of TDF
should be adjusted according to renal clearance. If TDF is
absolutely contraindicated, then there is little data on the
best alternative treatment. In patients with low CD4 count
and active liver disease, HBV should be treated first to
avoid the risk of immune reconstitution syndrome that
usually occurs with HIV treatment.

Patients with hepatic decompensation

Patients with acute hepatitis B, chronic hepatitis B, or
HBV-cirrhosis who develop hepatic decompensation
should be treated immediately, because it may both
improve their clinical status and even remove them from
liver transplant lists. Interferons are generally contraindi-
cated in patients with Child B or C cirrhosis, because
significant adverse effects due to serious bacterial infec-
tions and possible exacerbation of liver disease occur even
with low doses.

LAM is well tolerated and results in clinical improve-
ment or stabilization, especially in patients who have
completed a minimum of 6 months’ treatment [165, 166].
Early treatment is recommended to improve outcomes.
Selection of resistant mutants with resultant biochemical
dysfunction, reduction in efficacy, and rapid clinical dete-
rioration in this group of patients is a real concern with
early treatment.

Other nucs have also been evaluated in several studies.
A Korean study in 70 patients with decompensated liver
cirrhosis showed that 55 (78.5 %) ETV-treated patients
survived >1 year and had improved Child-Turcotte-Pugh
(CTP) and MELD scores; 36 (66 %) of them achieved CTP
class A and 49 % showed improvement in the CTP score by
>2 points [147]. A multinational, multicentered, random-
ized, open-label comparative study of ETV 1 mg/day
versus ADV 10 mg/day for up to 96 weeks was conducted
in 199 patients with hepatic decompensation (CTP scores
=7). ETV demonstrated significant superiority to ADV for
mean reduction in serum HBV DNA and greater reduction
of MELD score (—2.6 vs. —1.7) at week 48 [125]. In a
phase 2, double-blind study of 112 patients with chronic
hepatitis B and decompensated liver disease randomized to
receive either TDF (n = 45), emtricitabine (FTC)/TDF
(fixed-dose combination; n = 45), or ETV (n = 22), CTP
and MELD scores improved in all groups [133]. A ran-
domized control trial comparing LdT and LAM therapy for
104 weeks in patients with decompensated cirrhosis
showed that LdT had better response in all aspects than
LAM (Gane EJ, et al. Abstract J Hepatol 2010;52 Suppl
1:S4). All studies consistently show that the earlier the
therapy starts, the better the prognosis. Since patients with
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severe decompensated liver diseases are at risk of renal
dysfunction or lactic acidosis, and patients with a MELD
score >21 may develop lactic acidosis during ETV therapy,
close monitoring of renal function and lactic acidosis is
required in this group of patients.

Pediatric patients

Children with elevated ALT levels respond to IFN and
LAM in a similar manner to adults. A recent pediatric liver
specialists meeting report concluded that LAM may be
used starting at 3 years of age, ADV is approved for those
aged 12 years and older, and ETV for age 16 years and
older. IFN-« is approved for use in children as young as
12 months of age [167].

Newer agents such as Peg-IFN and TDF have not yet
been studied, but are likely to be as effective in children as
in adults with chronic HBV infection. Long-term safety
and drug resistance are more important concerns in chil-
dren than in adults. A long-term follow-up study showed
that IFN therapy provided little benefit in comparison with
untreated children [168]. Therefore, drug therapy is usually
not recommended in pediatric patients because of the
apparent lack of long-term benefits and the attending risks
of starting drug therapy, unless there is an absolute indi-
cation such as in the setting of ensuing or overt hepatic
decompensation [169], or in those who have evidence of
severe liver disease or advanced fibrosis/cirrhosis.

Patients with drug resistance

Patients treated with low genetic barrier nuc(s) may
experience drug resistance even in the first year of therapy.
Once drug resistance is confirmed in patients with virologic
breakthrough, rescue therapy using nuc(s) without cross-
resistance (Table 3) should be administered as soon as
possible and before HBV DNA increases over 2 x 10° U/
mL [129]. A randomized control trial showed that Peg-
IFN-0,, therapy was effective in patients with LAM
resistance [170].

Patients undergoing immunosuppression or chemotherapy

Reactivation of HBV replication with decompensation has
been reported in 20-50 % of patients with chronic HBV
infection undergoing cancer chemotherapy or immuno-
suppressive therapy, especially in those receiving high-
dose steroid regimen. Reactivation commonly occurs after
the first 2-3 cycles of chemotherapy. High viral load at
baseline is the most important risk factor for HBV reacti-
vation [171]. Following transarterial chemoembolization in
patients with HCC, HBV reactivation was also observed in
30 % of patients, and HBV DNA >2,000 IU/mL was a risk
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factor; increasing intensity of therapy was associated with
increasing risk and severity of HBV reactivation [172].

LAM is effective in the treatment of HBV reactivation
in HBsAg-positive organ transplantation recipients and
cancer patients undergoing chemotherapy, particularly, if it
is used preemptively. A number of meta-analyses have
confirmed that preemptive LAM therapy reduces reacti-
vation of HBV with a risk reduction estimated to be
between 79 and 89 %. One meta-analysis of 21 studies
(324 LAM-treated and 599 untreated patients), two of
which were randomized controlled trials, showed signifi-
cant reduction of clinical and virological reactivation in the
LAM group (OR: 0.09; 95 % CI: 0.05-0.15 and OR: 0.04,
95 % CI: 0.01-0.14, respectively). All-cause mortality was
significantly reduced in the LAM group (OR: 0.36, 95 %
CI: 0.23-0.56) [173]. These studies indicate that prophy-
lactic use of LAM within 1 week before the start of che-
motherapy and continued for at least 24 weeks after the
end of chemotherapy when the white blood cell count has
normalized, can reduce HBV reactivation frequency and
severity of flares and improve survival [171]. Of note is
that both ETV and TDF are more attractive candidates
given their high potency and extremely low resistance
rates. A recent study did show that ETV was more effective
than LAM in preventing hepatitis B reactivation (0 % of 34
vs. 124 % of 89; p = 0.024) in lymphoma patients
receiving chemotherapy [174]. Further randomized studies
using these drugs for prophylaxis in the setting of che-
motherapy are awaited.

The impact of immunosuppressive therapy on patients
with occult HBV infection is poorly characterized. In a
study involving 244 consecutive HBsAg-negative lym-
phoma patients who received chemotherapy, 8 (3.3 %)
developed de novo HBV-related hepatitis and 3 developed
fulminant hepatic failure, following a 100-fold increase in
serum HBV DNA levels. These patients responded to
LAM, but one died of hepatic failure. These findings
suggest that even in an HBV endemic area, the occurrence
of de novo HBV-related hepatitis after chemotherapy is
low [175]. It was suggested that HBsAg-negative, anti-
HBc-positive patients, especially those receiving biologic
agents such as rituximab or etanercept plus steroid-con-
taining regimens, should be closely monitored to facilitate
early commencement of nuc therapy [171]. Abatacept, a
soluble fusion protein that links to CTL antigen-4, was
recently reported to be associated with HBV reactivation in
a HBsAg-negative, anti-HBc and anti-HBs-positive patient
[176].

Immunosuppression in solid organ transplantation other
than the liver in HBsAg-positive recipients is associated
with more frequent and more rapid liver disease progres-
sion, and may occasionally be associated with fibrosing
cholestatic hepatitis. It was therefore recommended that all
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HBsAg-positive transplant recipients receive nuc to main-
tain HBV suppression, preferably using ETV or TDF [177].

Liver transplantation for chronic HBV infection

Liver transplantation has become a cost-effective treatment
of liver failure and HCC with excellent 5-year survival.
Improving economics and live related liver donation have
allowed a rapid expansion of liver transplantation within
the Asia—Pacific region where hepatitis B is the most
common indication for both acute and chronic liver failure.
Acute or chronic HBV infection accounts for most cases of
acute liver failure in this region, and more than 80 % of
cases of chronic liver failure and HCC are caused by
chronic HBV infection. Although HBV recurrence can be
prevented in 60 % of cases by high-dose (10,000 U/month)
intravenous hepatitis B immunoglobulin (HBIg), this
therapy is prohibitively expensive (US$ 50,000 per annum,
lifelong) and is less effective in transplant candidates with
detectable serum HBV DNA at the time of transplant, of
whom almost 40 % develop either early recurrence
because of insufficient neutralizing antibody in the imme-
diate perioperative phase, or late recurrence because of
more rapid selection of surface escape mutants in the “a”
determinant of the HBV pre-S/S genome. The addition of
an oral nuc will suppress the circulating viral load prior to
transplantation, thereby preventing early recurrence and
reducing the required perioperative neutralizing dose of
anti-HBs. Co-administration of nucs with HBIg following
transplantation should help prevent or delay late HBV
recurrence. Late recurrence does still occur in 5-10 % of
patients during combination HBIg plus LAM prophylaxis
due to selection of variants conferring resistance to both
HBIg and LAM, which is possible because of overlapping
reading frames of major catalytic regions of the HBV
polymerase gene and neutralization domains of the surface
gene.

Combination LAM/HBIg prophylaxis reduces recur-
rence rates of HBV infection and is associated with 5-year
patient and graft survival rates of 85 and 80 %, respec-
tively. A meta-analysis involving two prospective and four
retrospective studies has shown that the risk reduction
(odds ratio) in HBV recurrence with HBIg and LAM
treatment (n = 193) versus HBIg treatment (n = 124) was
0.08 (95 % CI: 0.03-0.21). The odds ratios showing HBV-
related death and all-cause mortality reduction, assessed in
three studies, with HBIg and LAM versus HBIg alone were
0.08 (95 % CI: 0.02-0.33) and 0.02 (95 % CI: 0.06-0.82),
respectively [178]. A long-term (median, 62 months) fol-
low-up study involving 147 patients has shown that LAM
plus low-dose intramuscular HBIg (400-800 U daily for
1 week, then monthly) appears as effective as LAM plus
high-dose intravenous HBIg, but is associated with <10 %

of the cost (US$ 4,000) [179]. Another study suggested that
late HBIg substitution by ADV (at least 12-month post-
transplant) can prevent late HBV recurrence at less cost
[180]. There is emerging data that HBIg + LAM prophy-
laxis can be replaced by LAM monotherapy at 12-month
post-transplant in certain ‘low-risk’ patient groups. These
include patients who were HBV-DNA negative (hybrid-
ization assay) before transplant or those in whom LAM
therapy was started and patients with sustained protective
levels of anti-HBs production following post-transplant
vaccination.

Although LAM is safe and well tolerated before and
after transplantation, LAM monotherapy without HBIg is
associated with late post-transplant HBV recurrence from
the emergence of LAM resistance. The observed HBV
recurrence rate with LAM monotherapy appears higher in
European series (45 %) than Asian series (20 % at 5 years;
Fung J, et al. Hepatology 2011; 54:450A). This difference
in recurrence rates may reflect differences in HBV geno-
type, or possibly a beneficial effect of adoptive immunity
from live related HBV-immune donors in Asia. ADV,
TDF, and ETV are available for rescue therapy for LAM
resistance, and de novo use of these agents may minimize
the problems of drug resistance. In a recent Hong Kong
study, ETV monotherapy was used as antiviral prophylaxis
in 80 patients undergoing transplantation for HBV-cirrho-
sis. The cumulative rate of HBsAg loss was 88 % at
12 months following liver transplantation, with 98.8 %
achieving undetectable HBV DNA levels [181]. Well-
designed studies are needed to determine whether pro-
phylactic monotherapy with a potent anti-HBV agent, such
as ETV or TDF, or combined with HBIg might be effective
in HBV transplant patients.

Of note, less than half the patients had started nuc
therapy prior to transplant and most remained viremic at
the time of transplantation. In comparison, in a recent
Australasian prospective open-labeled study, 62 HBsAg-
positive patients received combination LAM plus ADV
from the time they were put on the transplant list. This
combination prevented emergence of LAM resistance and
suppressed HBV DNA to undetectable levels in most
patients prior to transplant. Following transplant, HBV
DNA remained undetectable, and all patients had cleared
serum HBsAg within 6 months [182]. These data suggest
that antiviral prophylaxis with either a single potent nuc
with a high genetic barrier (ETV or TDF) or a combination
of nucs without cross-resistance (LAM/ADYV, TDF/FTC)
will provide similar safety and efficacy to current LAM
plus HBIg prophylaxis, but without the cost and inconve-
nience of long-term monthly HBIg administration. The
future use of HBIg immunoprophylaxis may become lim-
ited to perioperative use only in patients with high viral
load at the time of transplant.
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Adoptive immune transfer may result in de novo anti-
HBs production in recipients of live related liver grafts
from HBV-immune donors. A liver from an anti-HBc(+)
donor carries a significant risk of de novo HBV infection if
transplanted into an HBV-naive recipient [183]. This risk
becomes negligible if the recipient receives long-term
prophylaxis with either LAM or HBIg, or if the recipient is
positive for anti-HBs through either natural immunity from
previous infection or through vaccination.

Antiviral therapy before and/or after curative or local—
regional therapy of HCC

Since HCC surveillance has been widely implemented, an
increasing number of patients with HCC may be receiving
curative therapy, such as HCC resection or percutaneous
radiofrequency ablation (RFA). As most HCCs develop in
patients with cirrhosis or advanced fibrosis, their underly-
ing liver diseases should be managed or treated as in their
counterparts without HCC [21].

Recently, a study involving 193 HBV-related HCC
patients who underwent tumor resection and were followed
up for a mean duration of 58 months concluded that tumor
factors were associated with early (<2 years) HCC recur-
rence, while high viral load and hepatic inflammatory
activity were associated with late (>2 years) HCC recur-
rence [184]. A recent study from Japan has also shown that
the 3-year HCC recurrence rate after RFA was much higher
(67 vs. 28 %) in those with HBV DNA >4 log; copies/mL
[185]. Based on these findings, pre- and post-operative
antiviral therapies may theoretically reduce late HCC
recurrence. However, only a few studies have addressed
this issue. A randomized controlled trial showed that pre-
emptive LAM therapy reduced the incidence of HBV-
reactivation hepatitis from 30 to 3 % in HCC patients
undergoing transarterial chemolipiodolization [186]. A
meta-analysis involving 9 cohort studies with 551 HCC
patients who had received curative therapy showed that
LAM therapy in 204 patients achieved a 41 % reduction in
HCC recurrence and an 87 % reduction in liver-related
mortality, as compared with 347 untreated patients [187].
Of a recent study involving 136 patients who underwent
curative HCC resection, 42 received LAM or ETV therapy
and had higher 3 and 5 year HCC-free survival (both 51.4
vs. 33.8 %; p = 0.05) as compared with the untreated
group [188].

To date, the number of studies reporting use of nucs for
the prevention of HCC recurrence is limited [187], and
each involved a small case number and short treatment
duration, so that the results of these studies are inconclu-
sive. It is anticipated that well-designed studies using better
antiviral regimens will prove that antiviral therapy may
achieve tertiary prevention of HCC recurrence.
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Issues and recommendations

Based on this background information, the following issues
and recommendations for management of chronic HBV
infection are listed. The recommendations were based on
evidence graded as I (at least 1 well-designed, randomized,
control trial), II (well-designed cohort or case—control
studies), III (case series, case reports, or flawed clinical
trials), and IV (opinions of respected authorities based on
clinical experience, descriptive studies, or reports of expert
committees). The recommendations were graded into A:
strong recommendation and B: weak recommendation.

General management

Before active therapy, a thorough evaluation of the patient
is essential. A complete blood count, biochemical tests, and
HBYV replication status should be part of the initial evalu-
ation. The severity of liver fibrosis needs to be evaluated
before therapy. HBV genotype and HBsAg level may
provide additional information, especially in the setting of
IFN-based therapy. Besides drug therapy directed at liver
disease, counseling of the patient is also very important and
even crucial for successful antiviral therapy. This should
include information on the infectivity/transmission of HBV
and preventive measures for family members and sexual
contacts (e.g., vaccination); advice on lifestyle such as
activity, diet, alcohol use, risk behaviors, and factors that
predispose to superinfection with other hepatitis virus(es)
and their prevention; the importance and need for careful
follow-up and long-term monitoring, and possible therapy.
Health-related quality of life assessment has shown that
patients with chronic HBV infection attribute a wide range
of negative psychological, social, and physical symptoms
to their condition even in the absence of cirrhosis or cancer
[189]. These symptoms should be considered in the coun-
seling process. The indications, the risks/benefits, advan-
tages/disadvantages, cost, and possible problems of each
therapeutic option should be explained in detail. The
importance of compliance, persistence, adherence, and
monitoring on and off therapy should also be stressed [154,
190]. The therapy should be tailored for individual needs.
Careful assessment on an individual basis, including like-
lihood of response and economic factors of individual
patients, is absolutely essential before starting therapy.

Recommendation 1 Thorough evaluation and counseling
are mandatory before considering drug therapy (IIA).

Indications for treatment

Available information suggests that patients with PNALT
or minimally raised ALT usually have minimal histological
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changes and respond poorly, in terms of HBeAg serocon-
version, when treated with currently available drugs.
Therefore, no drug treatment is recommended for this group
of patients unless they have evidence of advanced fibrosis or
cirrhosis [191]. However, they should be followed up every
3 months for the first year and then monitored every
3 months if HBeAg positive and every 6 months if HBeAg
negative. HBeAg-negative patients with serum HBV DNA
>20,000 IU/mL and PNALT should also be followed up
every 3 months. Surveillance for HCC using ultrasonogra-
phy and serum o-fetoprotein every 3-6 months is also
important for high-risk HBV-infected persons (males, age
>40 years, cirrhosis, positive family history of serious liver
disease) [192]. A liver biopsy should be considered in
viremic patients older than 40 years [193], especially those
with high normal or minimally raised ALT levels [8]. A
recent systemic review has shown that histologically sig-
nificant liver disease is rare in HBeAg-negative carriers
with PNALT and HBV DNA between 2,000 and 20,000 IU/
mL. Thus, these carriers require neither liver biopsy nor
immediate antiviral therapy but need more frequent moni-
toring during the following 3 years [194].

Patients with active HBV replication (positive HBeAg
and/or HBV DNA >2,000-20,000 IU/mL) and raised ALT

levels are candidates for treatment. Liver biopsy is rec-
ommended before therapy to assess the necroinflammatory
grade, determine the fibrotic stage, and exclude other
possible causes of raised ALT levels as a guide to the
indication for antiviral treatment. If liver biopsy is not
feasible, non-invasive assessment of liver fibrosis is an
alternative [56, 57].

Recommendation 2 Patients with viral replication but
persistently normal or minimally elevated ALT levels
should not be treated, except for those with advanced
fibrosis or cirrhosis. They need adequate follow-up and
HCC surveillance every 3—6 months (IA).

Recommendation 3 Assessment of liver fibrosis is rec-
ommended in viremic patients with high normal or
minimally raised ALT levels and patients older than
40 years, except for patients with clinical evidence of
cirrhosis (IIA).

Time to start treatment (Figs. 1, 2, 3)
Treatment may be started if patients have persistently

elevated ALT levels >2 times ULN (at least 1 month
between observations).
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4/\.

| HBV DNA <20,000 lU/mL | |

HBV DNA >20,000 IU/mL I

y

v v v

ALT Normal

| ALTNormal | |

ALT 1-2 x ULN ‘

| ALT25xULN | | ALT>5xULN |

v v

* No treatment

* Monitor HBV DNA,
HBeAg, ALT/
3 months

* No treatment

» Monitor HBV DNA, HBeAg,
ALT/3-6 months

* No treatment

* Monitor HBV DNA,
HBeAg, ALT/1-3
months

| |
l * Treatment indicated

* If HBV-DNA < 2x10° IU/ml,
may choose to observe
closely for 3-6 months for
spontaneous HBeAg

« Treatment if persistent
(3~6 months) or has

concerns for hepatic
decompensation

seroconversion if no
concerns for hepatic

N/

« Liver biopsy or non-invasive fibrosis
assessment if patient >40 years

 Treat if moderate or greater
inflammation or fibrosis on biopsy

* Interferon- based therapy

or Nucs (ETV & TDF
preferred)

* Interferon- based therapy;

Patients at risk: HCC surveillance
» AFP and ultrasonograph/6 months

Fig. 1 Algorithm for the management of hepatitis B e antigen (HBeAg)-positive patients with chronic hepatitis B
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Fig. 2 Algorithm for the

management of hepatitis B e

antigen (HBeAg)-negative

patients with chronic hepatitis B

Fig. 3 Algorithm for the
management of chronic

hepatitis B patients with liver

cirrhosis

Patients with a rising trend in ALT (from normal or
minimally elevated levels) or with ALT >5 times ULN
may be developing an exacerbation, and severe hepatitis or
hepatic decompensation may follow. They should be
monitored closely with weekly or biweekly serum ALT,
bilirubin, and prothrombin time measurement. Treatment
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must be initiated in time, particularly in those with

108 TU/mL [169] or in

patients with advanced fibrosis [21] to prevent the devel-
opment or deterioration of hepatic decompensation. Such
exacerbations, particularly in patients with declining serum
HBV DNA level or a level <200,

000 IU/mL, may also
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precede spontaneous HBeAg seroconversion and may be
followed by disease remission [9]. Thus, it is reasonable to
delay treatment for an observation period of 3 months, if
there is no concern about hepatic decompensation.

Recommendation 4 Chronic HBV-infected patients with
ALT >2 times ULN, and HBV DNA >2.0 x 10* TU/mL if
HBeAg positive and >2.0 x 10° TU/mL if HBeAg-nega-
tive as well as patients with advanced fibrosis or cirrhosis
with any ALT level should be considered for treatment
(TIA). Treatment should be started as early as possible in
case of impending or overt hepatic decompensation (IA).
Otherwise, 3—6 months’ observation is recommended to
ensure the need of therapy (ITA). Indications are similar for
retreatment.

Which drugs or strategy?

Drugs currently approved for the treatment of chronic HBV
infection have relatively limited sustained long-term effi-
cacy. Therefore, age of patient, severity of liver disease,
probability of sustained response, likelihood of drug
resistance, adverse events, and complications need to be
carefully considered. Conventional-IFN or Peg-IFN, thy-
mosin-«, LAM, ADV, ETV, LdT, and TDF can all be
considered for initial therapy in patients without liver
decompensation. IFN-based therapy is preferred in younger
patients. ETV and TDF are the preferred nucs. The rates of
sustained response seem to be higher with IFN-based
therapy than with direct antiviral agents, and response can
be achieved with a defined duration of treatment. Cirrhotic
patients respond to IFN-based therapy better than, or at
least as well as, their non-cirrhotic counterparts. IFN-based
therapy has more side effects and requires closer
monitoring.

For viremic patients (both HBeAg positive and HBeAg
negative, adults and children) with ALT level >5 times
ULN, ETV, TDF, LdT, or LAM are recommended if there
is a concern about hepatic decompensation. IFN-based
therapy is also effective in patients with higher ALT level
if there is no concern about hepatic decompensation.

For HBeAg-positive patients with an ALT level between
2 and 5 times ULN, the choice between IFN-based therapy
and nucs is less clear, and either agent may be used.
Theoretically, this group of patients has not mounted a high
enough immune response against HBV and thus needs
immunomodulation.

Twelve-month Peg-IFN induced higher sustained
response rates than nucs in HBeAg-negative patients with
intermittent or persistent ALT elevation, moderate to
severe inflammation, fibrosis on biopsy, and serum HBV
DNA >2,000 IU/mL (10* copies/mL). Nucs provide other
options, but long-term therapy is required, and therefore

the drug-resistance profile of the drug to be used should be
considered. The long-term (>5 years) effect of IFN therapy
is better known than that of nucs.

The decision as to which agent to be used should be an
individual one, based on disease severity, history of flares,
hepatic function, the rapidity of drug action, resistance
profile, side effects, drug costs, and patient choice. Cost-
effectiveness of drug therapy is specific for each country
and should be studied independently to guide the choice of
drug.

Recommendation 5 Treatment-naive patients can be
treated with conventional IFN 5-10 MU 3 times per week
(IB) or Peg-IFN-o,, 180 pg weekly or Peg-IFN-oy;,
1-1.5 pg/kg weekly (IA), ETV 0.5 mg daily (IA), TDF
300 mg daily (IA), ADV 10 mg daily (IB), LdT 600 mg
daily (IB), or LAM 100 mg daily (IB). Thymosin « 1.6 mg
2 times per week can also be used (IB). ETV or TDF is the
preferred nuc.

How to monitor?

To achieve the most cost-effective treatment, adequate
monitoring during and after treatment is crucial. HBV
DNA should be measured using assays standardized/vali-
dated to report against the WHO IU/mL reference standard.
If affordable, drug-resistance testing should also be
considered.

Recommendation 6 During therapy, ALT, HBeAg, and/or
HBV-DNA should be monitored at least every 3 months
(TIA). Renal function should be monitored if TDF or ADV
is used (IA). Muscle weakness should be monitored,
especially if LdT is used (IIIA). During IFN-based therapy,
monitoring of blood cell counts and other adverse effects
are mandatory (IA).

Recommendation 7 After the end of therapy, levels of
ALT and HBV DNA should be monitored monthly for the
first 3 months to detect early relapse, and then every
3 months in the first year after therapy. If uneventful,
monitor every 3 months (for cirrhotic patients) to 6 months
(for responders) thereafter (ITA). For non-responders, fur-
ther monitoring of HBV markers is required to both rec-
ognize a delayed response or to plan retreatment when
indicated (IIA).

When to stop therapy?

The recommended duration of IFN-based therapy is finite,
irrespective of whether or not response has been achieved.
A 6-12 month observation period after the end of IFN-
based therapy is also recommended to both detect a
delayed response and establish whether the response is
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sustained, and thus whether retreatment or other therapy is
required. The recommended duration of thymosin «; ther-
apy is 6 months, with 12 months’ observation after the end
of therapy.

Since the incidence of drug resistance increases with
increasing duration of nuc therapy, therapy can be stopped
if the patient has undergone HBeAg seroconversion with
HBV DNA loss (PCR) for at least 12 months. For those
who remain HBeAg positive, the decision to continue or
stop therapy should be evaluated individually on the basis
of clinical/virological response and disease severity. If
resistant mutations emerge, early rescue therapy with
another agent is indicated. For HBeAg-negative patients,
the optimal duration of nuc treatment is unknown, unless
HBsAg seroclearance has occurred, and the decision to
stop therapy should be determined by clinical response and
severity of the underlying liver disease.

Recommendation 8 For conventional IFN, the current
recommended duration of therapy is 4-6 months for
HBeAg-positive patients (IA) and at least a year for
HBeAg-negative patients (IA). For Peg-IFN, the recom-
mended duration is 12 months (IA). For thymosin o, the
recommended duration of therapy is 6 months for both
HBeAg-positive (IA) and HBeAg-negative patients (IIB).

Recommendation 9 For nucs: In HBeAg-positive
patients, treatment can be stopped when HBeAg serocon-
version with undetectable HBV DNA has been maintained
for at least 12 months (IIA). In HBeAg-negative patients, it
is not clear how long treatment should be continued if
HBsAg remains positive, but treatment discontinuation can
be considered if patients have been treated for at least
2 years with undetectable HBV DNA documented on three
separate occasions 6 months apart (IIA). In compliant
patients with primary treatment failure at month 3 or sub-
optimal viral response at month 6, switch to a more potent
drug or add a drug without cross resistance if LAM, LdT,
or ADV was used (IIIA).

What to do for patients in special circumstances?
Female patients of child-bearing age

When treatment is indicated in women of childbearing age,
both the drug property and the duration of dosing should be
considered. Supplemental use of LAM or LdT in the third
trimester of pregnancy in women with HBV DNA
>2 x 10° TU/mL is safe and effective in preventing
mother-to-child HBV transmission and seems to be cost-
effective [195].

Recommendation 10-1 For female patients of child-
bearing age, IFN-based therapy is preferred for non-
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pregnant women. Pregnancy is discouraged during IFN
therapy (IA). Pregnant women who need treatment can be
treated with category B nucs (IIA).

Recommendation 10-2 For the prevention of mother-to-
child transmission, pregnant women with high HBV DNA
(>2 x 10° IU/mL) can be treated with LdT in the third
trimester (ITA). TDF is an alternative (IIIA).

Patients with concurrent HIV infection

All HIV-infected patients with HBV DNA > 2,000 IU/mL
and/or significant necroinflammation or fibrosis should be
considered for HBV treatment. Treatment needs to be
individualized according to the patient’s HIV status. All
HIV-HBV coinfected patients requiring HBV treatment
with CD4 count <500 cells/mm® should receive ART
containing TDF 4 FTC/LAM. For patients with CD4

>500 cells/mm3, treatment options include IFN-based and
ADV therapy. In practice, ART containing TDF + FTC/
LAM should still be considered as an alternative option.

Recommendation 11  ART containing TDF + FTC/LAM
is the treatment of choice for the majority of HIV-HBV
coinfected individuals. If the CD4 count is greater than 500
and ART is not warranted, ADV or PEG-IFN can be
considered (ITA).

Patients with concurrent HCV or HDV infection

It is important to determine which virus is dominant before
designing the treatment strategy.

Recommendation 12 In patients with concurrent HCV or
HDYV infection, determine which virus is dominant and
treat the patients accordingly (IA).

Patients with decompensated liver disease

IFN is usually contraindicated in patients with decompen-
sated liver disease. Nucs with potent and prompt HBV
suppressive action should be used immediately.

Recommendation 13 ETV or TDF is the agent of choice
for patients with obvious or impending hepatic decom-
pensation (IA). LdT, LAM, or ADV can also be used in
nuc-naive patients (IB). Renal function and lactic acidosis
should be monitored in this group of patients, especially
those with MELD score greater than 20 (IITA).

Patients with drug resistance
Patients with viral breakthrough evident by more than 1

log IU/mL increase of HBV DNA from the nadir should be
tested to confirm viral resistance, even in a self-declared
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compliant patient. Rescue therapy should be instituted as
early as possible in case of drug resistance.

Recommendation 14 For patients who develop drug
resistance while on LAM, add-on ADV therapy (IA) or
switching to TDF is indicated (ITA); switching to ETV
(1 mg/day) is an option (IB) but not preferred. For patients
who develop drug resistance while on ADV, add-on LAM,
LdT, ETV, or switching to TDF is indicated (IITA). For
patients who develop drug resistance while on LdT, add-on
ADV therapy or switching to TDF is indicated (IIIA). For
patients who develop drug resistance while on ETV, add-
on TDF or ADV is indicated (IITA). For patients with prior
failure of or resistance to LAM or LdT and ADV,
switching to ETV plus TDF is indicated (IIA).

Switching to IFN-based therapy is an option for patients
with resistance to LAM (IA) or other nucs (IIIA).

Patients undergoing immunosuppression or chemotherapy

HBV reactivation is a serious complication in patients
undergoing immunosuppression or chemotherapy. LAM
therapy is effective when instituted early, before the
occurrence of clinical jaundice and decompensation.
Results are significantly better if LAM is used before
starting chemotherapy. Prophylactic treatment using other
antiviral agents has not been reported.

Recommendation 15-1 Before receiving immunosup-
pression or chemotherapy, patients should be screened for
HBsAg (IVA). If they are HBsAg positive, start nuc
treatment if clinically indicated (IA). Otherwise, prophy-
lactic therapy with LAM before the start and up to at least
6 months after the end of immunosuppression or chemo-
therapy is recommended (IA). ETV and TDF can also be
used for prophylaxis (IITA).

Recommendation 15-2 Patients who are going to receive
biologic agent such as anti-CD 20 rituximab or anti-tumor
necrosis factor-o etanercept should be screened for anti-
HBc. If they are anti-HBc positive, HBV DNA should be
closely monitored and treated with nuc when needed
(IVA).

Patients in the setting of organ transplantation

Nucs are effective in HBV suppression in patients under-
going organ transplantation, prevention (in combination
with HBIg) of HBV recurrence after liver transplant, and
treatment of HBV-related allograft infection. Adequate use
of these agents has improved patient outcomes.

Recommendation 16-1 Nuc(s) treatment should be com-
menced in all HBV patients who are listed for organ
transplantation and have detectable HBV DNA (ITA).

For liver transplantation, LAM plus low dose HBIg
(400-800 U, i.m. daily for 1 week, followed by 400-800 U
monthly over the long-term) provide safe and effective
prophylaxis against HBV reinfection of the allograft (ITA).
Alternatively, LAM + ADV or ETV prophylaxis can be
considered (ITA).

Recommendation 16-2 Late (at least 12-month post-
transplant) HBIg substitution by ADV provides safe and
cost-effective prophylaxis (ITA). Late conversion to LAM
monotherapy may be considered in ‘low-risk’ patients (IA).

Recommendation 16-3 HBV-naive patients receiving a
liver from an anti-HBc (4) donor should receive long-term
prophylaxis with either LAM or HBIg (IITA).

Patients before and/or after curative or local-regional
therapy of HCC

Since most HCCs develop in patients with cirrhosis or
advanced fibrosis, their underlying liver diseases should be
managed or treated as in their counterparts without HCC.

Recommendation 17 Nuc treatment should be com-
menced in all HCC patients with HBV DNA >2,000 U/
mL before and/or after curative therapy of HCC as in their
counterparts without HCC (IIIB). Preemptive nuc therapy
should be initiated in all HCC patients who are to undergo
transarterial chemoembolization (IIA).

Unresolved issues and areas for further study

Despite recent advances in the treatment of chronic HBV
infection, the results of treatment are still unsatisfactory. In
particular, the following issues remain unsettled:

1. Should HBV genotyping be routinely used in design-
ing interferon-based treatment plans?

2.  What should be the treatment strategy for children with
chronic HBV infection? ‘Necessity’ or ‘likelihood to
respond’?

3. Is there more effective therapy for patients with
chronic HDV infection?

4. What is the role for corticosteroid withdrawal, nuc
pulse therapy, or other immunomodulating agents and
modes of immunomodulation?

5. What is the optimal combination therapy to enhance
efficacy?

6. What is the role of qHBsAg in formulating the
treatment strategy, such as early stopping rules?

7. Which is the best non-invasive test for liver fibrosis?
More comparative studies are needed.

8.  What is the optimal treatment for multi-drug resistance?

The development of new drugs and new strategies,
especially combination or sequential antiviral therapy, is
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the highest priority in further improving the outcomes of
treatment.
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