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Abstract: Conventional pharmacotherapeutic approaches to the

management of chronic hepatitis B virus (HBV) infection are compromised
by drug resistance and a failure to achieve sustained HBV DNA suppression.
Low rates of seroconversion to hepatitis B e antigen-negative status and loss
of hepatitis B surface antigen, as well as the potential for the development of
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management.

Chronic hepatitis B virus (HBV) is a primary
cause of liver disease in many parts of the world,
particularly the Asia-Pacific region, contributing
to sequelae such as cirrhosis, hepatic decompen-
sation, and hepatocellular carcinoma (HCC) (1).
Conventional anti-HBV therapy with direct anti-
viral agents such as lamivudine and adefovir, and
interferon o, has demonstrated a beneficial effect
in reducing HBV replication and controlling
HBYV disease progression in patients with chronic
hepatitis B (CHB) (2-9). However, the long-term
efficacy of conventional therapy is less than
satisfactory because of the rapid emergence of
drug resistance to certain nucleoside and nucleo-
tide analogs and the poor tolerability to inter-
feron (10-12).

Several promising new anti-HBV agents, in-
cluding entecavir and the pegylated interferon
(peginterferon) a-2a and -2b, possess potent anti-
viral effects with less toxicity than standard
agents and minimal or no risk of inducing drug
resistance. In phase III randomized studies, en-
tecavir and peginterferon o-2a have demonstrated
clinical advantages over lamivudine (13-17).
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adverse effects, are additional problems. Two agents, entecavir and the
pegylated interferon (peginterferon) a-2a, have recently been added to the
therapeutic armamentarium for the management of chronic hepatitis B
(CHB). Data from clinical trials indicate that these newly licensed drugs may
offer advantages over conventional treatments such as lamivudine and,
possibly, adefovir. In addition, several novel agents in late-stage clinical
development, specifically telbivudine and clevudine, have also shown
encouraging results in patients with CHB infection. This review summarizes
the current clinical experience with these new agents, focusing on data in
Asian populations, and discusses the implications of the data for CHB
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More recently, entecavir has demonstrated
greater suppression of HBV replication compared
with adefovir (18). More recently, peginterferon
a-2a and entecavir have been introduced in
many of the countries in the Asia-Pacific region.
In addition, several novel agents in late-stage
clinical development, such as telbivudine and
clevudine, have shown encouraging results in
patients with chronic HBV infection (19-21). In
this article, we review the recently reported
clinical results with newly licensed agents and
pharmacotherapies under development, which
have demonstrated maintained suppression of
viral replication with a limited emergence of
drug resistance.

Anti-HBV agents licensed since 2005
Entecavir

Entecavir, a cyclopentyl guanosine analog that
inhibits both the priming and elongation steps of
viral replication, is a highly potent inhibitor of
HBYV polymerase (22-24). In phase III studies,



Therapies for chronic HBV

Table 1. Virologic, biochemical, and serologic end points from phase Il studies of entecavir in patients with chronic hepatitis B (CHB)

ALT HBV Mean change in HBV

Histologic normalization DNA <300copies/ml  DNA from baseline Rate of HBeAg

improvement (%) (%) (%) (log1o copies/ml) seroconversion (%)
Nucleoside-naive HBeAg-positive patients (Chang et al. ( 13))
Entecavir, 0.5 mg/day (n = 354) 72 67 -6.9 21
Lamivudine, 100 mg (n = 355) 62 60 36 -54 18
P 0.009 0.02 <0.001 <0.001 0.33
Nucleoside-naive HBeAg-negative patients (Lai et al (14))
Entecavir, 0.5 mg/day (n= 325) 70 78 90 -5.0 NA
Lamivudine, 100 mg/day (n=313) 61 71 72 —-45 NA
P 0.01 0.045 <0.001 <0.001
Lamivudine-refractory HBeAg-positive patients (Sherman et al (15))
Entecavir, 0.5 mg/day (n=141) 55 61 19 -5.11 8
Lamivudine, 100 mg/day (n=145) 28 15 1 -0.48 3
P <0.001 <0.001 <0.001 <0.001 0.06

*Roche COBAS Amplicor PCR assay (LLOQ = 300 copies/ml) ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus;

LLOQ, lower limit of quantification.

entecavir has demonstrated superior efficacy and
an improved resistance profile to lamivudine in
both hepatitis B e antigen (HBeAg)-positive and
-negative nucleoside-naive patients with CHB
and patients who were lamivudine refractory (Ta-
ble 1) (13-15). In these studies, 48 weeks
of entecavir therapy resulted in superior histologic
improvement, a greater mean reduction of HBV
DNA viral load, with a larger proportion of
patients demonstrating undetectable HBV DNA
levels (<300 copies/ml by Roche COBAS Ampli-
cor PCR assay), and normalization of alanine
aminotransferase (ALT) levels [ < 1 x the upper
limit of normal (ULN)] compared with an equal
length of treatment with lamivudine. Moreover,
among nucleoside-naive HBeAg-positive and
-negative patients who achieved a protocol-defined
response (HBV DNA levels of <0.7 mEg/ml by
bDNA assay, and HBeAg loss or ALT<1.25 x
ULN) at week 48, a higher proportion of entecavir-
treated patients than lamivudine-treated patients
demonstrated a sustained response 24 weeks after
the discontinuation of treatment (13, 14).

Data on the long-term efficacy of entecavir in
HBeAg-positive and -negative nucleoside-naive
and lamivudine-refractory HBeAg-positive pa-
tients indicate that response to entecavir and
suppression of viral replication is sustained for 96
weeks of therapy (25-27). In the phase III study of
HBeAg-positive nucleoside-naive patients, 243 pa-
tients treated with entecavir and 164 patients
treated with lamivudine who achieved a virologic
response (HBV DNA levels of <0.7mEq/ml by
bDNA assay, with HBeAg loss) at week 48 con-
tinued treatment until week 96 (25). During the
second year of treatment, the proportion of en-
tecavir-treated patients with undetectable HBV
DNA (DNA levels of <300 copies/ml) increased
from 64% to 81%, while the proportion of patients

with undetectable HBV DNA in the lamivudine
group remained unchanged at 39%. At 96 weeks, a
higher proportion of entecavir-treated patients
than lamivudine-treated patients maintained
HBV DNA levels of <300 copies/ml (80% vs
39%; P<0.0001; Fig. 1A) (25). The cumulative
rate of HBeAg seroconversion (31% vs 26%) and
ALT normalization, defined as < 1 x ULN (87%
vs 79%) over the 2 years of therapy was compar-
able between the entecavir and lamivudine groups,
respectively (25). Similar findings were reported in
a second study that compared long-term entecavir
and lamivudine therapy in HBeAg-negative nu-
cleoside-naive patients (26). At week 96, a higher
proportion of entecavir-treated than lamivudine-
treated patients achieved HBV DNA levels of
<300 copies/ml (94% vs 77%; P<0.0001) and
maintained ALT levels of <1 x ULN (89% vs
84%; P =0.05; Fig. 1B) (26). In patients with
lamivudine-refractory CHB, prolonged treatment
with entecavir was more effective than lamivudine
in maintaining HBV DNA levels of <300 copies/
ml (30% vs 1%; P<0.0001), ALT normalization
defined as < 1 x ULN (85% vs 29%; P<0.0001),
and HBeAg seroconversion rates (16% vs 4%;
P=0.001) (27).

Analysis of the safety data from the large,
randomized, phase III studies of entecavir
showed that the safety profile of entecavir was
comparable with that of lamivudine in nucleo-
side-naive and lamivudine-refractory patients
(13-15). The resistance data for entecavir indicate
no resistance in nucleoside-naive, HBeAg-posi-
tive, and -negative patients after 2 years of
therapy, and a low rate of resistance (1% at 1
year and 9% at 2 years) among lamivudine-
resistant patients (28).

The efficacy of entecavir has also been studied
in nucleoside-naive and lamivudine-refractory
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Fig. 1. Long-term efficacy of entecavir (at 96 weeks) in hepatitis
B e antigen (HBeAg)-positive and -negative patients with
chronic hepatitis B (CHB). (A) Long-term efficacy of entecavir
(at 96 weeks) in HBeAg-positive patients with CHB (25). (B)
The virologic and biochemical efficacy of entecavir at 48 and 96
weeks in HBeAg-negative patients with CHB (26).

Chinese patients with CHB. Data from a rando-
mized, double-blind, multicenter, phase I1I study
comparing entecavir and lamivudine in Chinese
nucleoside-naive patients were recently reported
(29). In this study, patients were randomized to
receive entecavir, 0.5mg/day, plus placebo
(n=261) or lamivudine, 100mg/day, plus pla-
cebo (n = 258) for 48 weeks. At week 48, a higher
proportion of patients in the entecavir group than
in the lamivudine group achieved the composite
end point of HBV DNA level <0.7mEq/ml by
bDNA assay and an ALT level of <1.25 x ULN
(90% vs 67%; P<0.0001) (29). The overall mean
reduction in HBV DNA level was greater in
patients treated with entecavir than in patients
treated with lamivudine (—5.9 vs —4.3log;qco-
pies/ml; P<0.0001). A higher proportion of en-
tecavir-treated patients than lamivudine-treated
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patients achieved undetectable viral load, defined
as an HBV DNA level of <300 copies/ml (76%
vs 43%; P<0.0001), and ALT normalization
(90% vs 78%; P =0.0003) at week 48 (29). The
rate of HBeAg seroconversion by week 48 was
comparable between the entecavir and lamivu-
dine groups (15% vs 18%; P =0.39) (Fig. 2).

A second placebo-controlled phase II study
evaluated the efficacy of entecavir in 145 Chinese
patients who have failed lamivudine therapy (30).
Patients were randomized to receive either enteca-
vir, 1.0mg/day for 48 weeks, or placebo daily for
12 weeks, followed by entecavir, 1.0 mg/day for an
additional 36 weeks. At week 12, patients in the
entecavir group achieved a greater overall reduc-
tion in HBV DNA levels than did patients receiv-
ing lamivudine (—4.30 vs — 0.15log;(copies/ml)
(30). Additionally, a higher proportion of enteca-
vir-treated patients than lamivudine-treated
patients had HBV DNA levels of <300 copies/
ml (8% vs 0%; P=0.12), and a significantly
higher proportion of entecavir-treated patients
than controls achieved ALT normalization
(< 1.0 x ULN; 68% vs 6%; P<0.001) (30).

The overall findings from phase III studies
demonstrate the superior efficacy of entecavir
compared with lamivudine reduction of HBV
DNA levels (<300 copies/ml), normalization of
ALT levels ( <1 x ULN), and improvement of
liver histology in both nucleoside-naive HBeAg-
positive and -negative patients and in lamivudine-
refractory HBeAg-positive patients. Addition-
ally, the clinical benefits of entecavir are sustained
for 96 weeks of therapy. No resistance to enteca-
vir in treatment-naive hepatitis B surface antigen
(HBsAg)-positive and -negative patients has been
observed after 96 weeks of therapy; in lamivu-
dine-refractory patients, the rate of resistance has
been found to be low (1% at 1 year and 9% at
2 years). Data from recent studies conducted in
nucleoside-naive and lamivudine-resistant Chi-
nese patients confirm the effectiveness of enteca-
vir in this patient population.

Peginterferons

Two peginterferons have been developed: peginter-
feron o-2a (Pegasys™; Hoffmann-La Roche; Nut-
ley, NJ) and peginterferon a-2b (PEG-Intron®;
Schering-Plough Corporation, Kenilworth, NJ).
These agents differ in their pharmacokinetics,
pharmacology, and receptor-binding properties.
Peginterferon «o-2b (molecular weight, 12kDa)
has a shorter half-life than peginterferon o-2a
(molecular weight, 40kDa) and is more of a
prodrug, acting as a depot for interferon o with
the release of free interferon o.
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Fig. 2. Efficacy of entecavir and lamivudine in nucleoside-naive Chinese patients. (A) Study scheme. (B) The virologic and
biochemical efficacy of entecavir and lamivudine at 48 weeks (29).

In large phase III randomized trials, peginter-
feron a-2a with or without lamivudine demon-
strated superior efficacy to lamivudine alone with
respect to reduced HBV DNA levels from base-
line, 48-week virologic response rates, and
HBeAg and HBsAg seroconversion in patients
with HBeAg-positive and -negative CHB (16, 17).
More recently, the virologic response to peginter-
feron o-2a has been shown to be sustained after
treatment in patients with HBeAg-positive (31)
and HBeAg-negative CHB (32). Subanalysis of
responses to peginterferon «-2a monotherapy in
150 Asian HBeAg-positive patients participating
in a long-term follow-up study showed that
HBeAg seroconversion occurred in 58 (39%) of
patients at 6 months post-treatment (31). Of the
58 patients who seroconverted at 6 months, 48
(83%) maintained seroconversion at 12 months
post-treatment, while three (5%) remained
HBeAg negative but lost anti-HBe by the 1-year
follow-up. Additionally, 15% of Asian patients
who did not HBeAg seroconvert at 6 months
post-treatment did undergo seroconversion by 12
months (31). In this analysis, sustained HBeAg
seroconversion was associated with higher base-
line ALT and lower baseline HBV DNA levels.
Similar findings were reported in a second study
involving 177 patients with HBeAg-negative
CHB (32). Of the 144 patients who had a virolo-
gic response to peginterferon a-2a (HBV DNA
levels of <20000 copies/ml), data were available
on 89 patients at 48 weeks post-treatment. Of
these patients, 49 (55%) showed sustained HBV
DNA levels of <10°copies/ml during the 48-
week follow-up period, including 22 (25%) with
HBV DNA levels between 2 x 10* and 2 x 10°
copies/ml and 27 (30%) with HBV DNA levels
of <20000copies/ml (33). Among the patients

achieving an ALT response, 72% maintained
ALT levels at <1.5x ULN at 6-12 months
post-treatment. At the end of the initial 6 months
of therapy, seven patients had achieved HBsAg
loss or seroconversion, and one additional patient
with a sustained virologic response had achieved
HBsAg loss or seroconversion between 6 and 12
months (33).

The overall findings from this study demon-
strate that biochemical and virologic responses
to peginterferon o-2a were maintained in more
than half of HBeAg-positive and -negative
patients at 12 months after the end of treatment.
Although no clear predictor of sustained viro-
logic response was identified in either patient
population, a trend toward a better response
was associated with lower end-of-treatment levels
of HBV DNA, higher baseline ALT levels, and
HBYV genotype C (32).

Oral antiviral agents in late-stage development
Telbivudine

Telbivudine (LdT, 1-B thymidine; Idenix Pharma-
ceuticals, Cambridge, MA), an HBV-specific
L-nucleoside analog of thymidine that preferen-
tially inhibits HBV second-strand (DNA depen-
dent) DNA synthesis, has demonstrated marked
dose-related antiviral activity in initial studies of
patients with CHB. In these studies, telbivudine
at dosages of > 400mg/day was more effective
than lamivudine, 100 mg/day, in the reduction of
mean serum HBV DNA levels to <200 copies/ml
(61% vs 32%; P<0.05), and normalization of
ALT levels (63% vs 86%; P<0.05) in patients
with HBeAg-positive CHB (33). Additionally, a
greater proportion of telbivudine-treated patients
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than lamivudine-treated patients experienced
HBeAg seroconversion (31% vs 22%) and less
viral breakthrough (4.5% vs 15.8%; P = NS for
both) (33).

These findings were confirmed by data from a
large, randomized, phase III trial of telbivudine
and lamivudine in 1367 patients with HBeAg-
positive and -negative CHB (19). HBeAg-positive
(n=921) and HBeAg-negative (n = 446) patients
were randomized to treatment with telbivudine,
600 mg/day, or lamivudine, 100 mg/day. At week
52, telbivudine was more effective than lamivu-
dine in achieving all virologic efficacy end points
in both HBeAg-positive and -negative patients
(P<0.01) (19). In the HBeAg-positive intent-to-
treat (ITT) population, telbivudine was superior
to lamivudine for the primary efficacy end point
of therapeutic response (HBV DNA levels of
<5log;y plus HBeAg loss or ALT normaliza-
tion), both at weeks 52 and 76. In the HBeAg-
negative ITT population, antiviral efficacy was
greater with telbivudine than with lamivudine, as
measured by reductions in HBV DNA levels from
baseline and achievement of nondetectable HBV
DNA levels at week 52. However, the therapeutic
response (HBV DNA levels of <5log;g plus
HBeAg loss or ALT normalization) at weeks 52
and 76 was similar between the treatment groups.
Telbivudine demonstrated a safety profile com-
parable with that of lamivudine, and was asso-
ciated with lower rates of primary treatment
failure, lower rates of development of resistance,
and fewer and less severe instances of ALT flares
than lamivudine (19).

A multivariate subanalysis of the GLOBE
study found that telbivudine provided better
virologic responses than did lamivudine across
nearly all patient subgroups. In this analysis,
race, geographic region, and ALT levels were
identified as key factors in determining virologic
response to telbivudine (34). Greater HBV DNA
suppression was observed with telbivudine in
HBeAg-positive patients with baseline ALT levels
of >2.5 x ULN than in patients with baseline
ALT levels of <2.5 x ULN (P<0.0001). In ad-
dition, HBeAg-positive Asian patients demon-
strated greater HBV DNA suppression with
telbivudine than did patients from North Amer-
ica (P<0.001) or other regions (P<0.038) (34).
The subanalysis also showed that HBY DNA
suppression with telbivudine was greater in
HBeAg-positive and -negative Asians than in
members of other ethnic groups (P =0.0145).
Patients with genotype C treated with telbivudine
also attained significantly greater HBV DNA
suppression than did telbivudine-treated patients
with other genotypes (P<0.01) (34).
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Clevudine

Clevudine, a pyrimidine nucleoside analog, has
also demonstrated potent activity in vitro and in
HBV-infected patients (20, 21, 35, 36). In a multi-
center, dose-escalation study, clevudine, 100 and
200 mg/day for 28 days, resulted in potent and
durable posttreatment viral suppression (20). In a
study that assessed the safety, tolerability, and
antiviral response to 12 weeks of clevudine treat-
ment in patients with HBeAg-positive CHB,
clevudine showed potent antiviral activity during
therapy and induced a sustained posttreatment
antiviral effect for 6 months after a 12-week
treatment period that was associated with a
sustained normalization of ALT levels (21). This
study involved a total of 98 patients who were
randomized to placebo (n = 32), clevudine, 30 mg
(n=32), and clevudine, 50mg (n=34), for 12
weeks and followed up for 24 weeks off therapy.
At week 12, the median serum HBV DNA
reductions from baseline were 0.20, 4.49, and
4.451ogpcopies/ml in the placebo, clevudine,
30 mg, and clevudine, 50 mg groups, respectively
(P<0.0001; Fig. 3) (21). Posttreatment antiviral
activities were sustained at weeks 12 and 24 off
therapy. Marked reductions in median serum
ALT levels occurred during clevudine treatment
and were maintained below the ULN throughout
the 24 weeks off therapy in the two clevudine-
treated groups. The incidences of adverse events
and treatment-emergent grade 3 or 4 laboratory
abnormalities were similar for the three groups.
Preliminary data from larger phase III studies
evaluating the safety and efficacy of 24 weeks of
clevudine, 30 mg/day in nucleoside analog—naive
patients with HBeAg-positive and -negative CHB
show that clevudine has potent anti-HBV activity
that can be sustained for up to 6 months after the
discontinuation of therapy (37, 38). In the first
study, 243 HBeAg-positive patients with CHB
infection were randomized to receive clevudine,
30mg/day (n=182), or placebo (n=61) for 24
weeks, with an additional 24 weeks of follow-up
(37). In the second study, 83 HBeAg-negative
patients with CHB infection were randomized to
receive clevudine, 30 mg/day, or placebo for 24
weeks with 24 weeks of follow-up (38). In both
HBeAg-positive and -negative patients, 24 weeks
of clevudine therapy were associated with a sub-
stantial reduction in median serum HBV DNA
levels, ALT normalization, and HBeAg loss. Re-
ductions in serum HBV DNA and ALT levels were
maintained at 24 weeks after the discontinuation
of clevudine therapy. In these studies, no evidence
of viral breakthrough or resistance was observed in
HBeAg-positive and -negative patients.
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Tenofovir

Tenofovir disoproxil fumarate, an acyclic nucleo-
tide reverse transcriptase inhibitor structurally
related to adefovir, has demonstrated efficacy in
patients with lamivudine-resistant HBV infection
(39, 40) and in patients with CHB who are
coinfected with HIV (41-44). Preliminary data
from studies comparing the efficacy of tenofovir
and adefovir in patients with lamivudine-resistant
CHB indicate that tenofovir is more effective
than adefovir in reducing serum HBV DNA
levels (39, 40). Thirty-five patients received teno-
fovir for 72-130 weeks, and 18 patients received
adefovir for 60—80 weeks. At 48 weeks, 100% of
the tenofovir-treated patients had HBV DNA
levels of <10°copies/ml compared with only
44% of adefovir-treated patients (P =0.001)
(40). These findings need to be confirmed in large
randomized trials. Tenofovir has also been shown

to be effective in HBV/HIV-coinfected patients
with lamivudine-resistant HBV (41-44); however,
the use of tenofovir as monotherapy or in combi-
nation with lamivudine, emtricitabine, or enteca-
vir needs to be defined.

Conclusion

Conventional antiviral and immunomodulatory
drugs used for managing HBV infection indispu-
tably provide clinical benefit, but their use can be
limited by the lack of sustained reduction of HBV
replication, the development of resistance, and
poor tolerability. Newly approved anti-HBV
therapies such as entecavir and the peginterferons
have demonstrated increased antiviral potency
and low-to-minimal levels of drug resistance,
which will enable viral loads to be reduced even
further, an effect that is expected to reduce
significantly the morbidity and mortality asso-
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ciated with CHB. In addition, clevudine, telbivu-
dine, and tenofovir have also demonstrated potent
efficacy and good safety profiles in patients with
CHB infection. Ongoing clinical studies evaluat-
ing the use of these agents in combination with
other anti-HBV therapies will help clarify their
role in the management of CHB.
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