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Abstract The primary aim of immunomodulator therapy
is to help the natural human immune system to mount a
defense against hepatitis B virus. IFN-o has been used for
the treatment of HBeAg-positive and HBeAg-negative
chronic hepatitis B for over two decades and has been
shown to be effective in suppressing HBV replication and
in inducing serological response leading to long-term
clinical benefits. IFN-« has been used in patients with well-
compensated cirrhosis with comparable or better response
to that in non-cirrhotic patients. IFN-o therapy in patients
with cirrhosis has a similar side effect profile as in those
without cirrhosis. However, IFN-o is contraindicated in
patients with overt or decompensated cirrhosis. Pegylated
IFN-o. has been shown to be effective in treatment of
chronic hepatitis B with sustained response rate in about
one-third of the treated patients. Peg IFN-o treatment in
non-responders to lamivudine or adefovir dipivoxil showed
similar response rate to that seen in naive patients. Thy-
mosin o, is effective in treatment of HBeAg-positive and
HBeAg-negative chronic hepatitis B with a significantly
increasing virological response over time after therapy.
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Introduction

Approximately, 350-400 million people worldwide are
chronically infected with the hepatitis B virus (HBV) [1],
of which some 75% live in the Asia-Pacific region.
Patients with chronic hepatitis B are at increased risk of
disease progression to cirrhosis, hepatic decompensation,
and hepatocellular carcinoma (HCC) [2]. Effective therapy
is necessary to reduce or prevent such disease progression.
The treatment of chronic hepatitis B continues to be a
challenge for physicians due to the high burden of the
disease and the limited efficacy of available therapy.
Currently, there are two HBV treatment strategies,
immunomodulator therapies such as conventional Inter-
feron, pegylated interferon, and thymosin «; and oral
antiviral therapy. The primary aim of immunomodulator
therapy is to help the natural human immune system to
mount a defense against HBV. IFN-a has been the
mainstay of therapy for chronic hepatitis B, since the early
1980s.

The aim of this article is to review the available studies
on immunomodulator therapy and to update the available
evidence in order to propose an up-to-date guideline for
immunomodulator therapy for chronic hepatitis B
sufferers.

Conventional interferon

IFN has antiviral, immunomodulatory, and antiproliferative
effects. IFN-o has been used for the treatment of chronic
hepatitis B for over two decades and has been shown to be
effective in suppressing HBV replication and in inducing
remission of liver disease.
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IFN treatment in HBeAg-positive chronic hepatitis B
(Table 1)

Meta-analyses of 15 randomized controlled trials found
that treatment with IFN-o at a dose of 5 MU daily or 10
MU three times weekly for 4-6 months achieved higher
HBeAg loss and HBV DNA suppression than untreated
controls (33% vs. 12% for HBeAg loss and 37% vs. 17%
for undetectable HBV DNA by hybridization assay,
respectively) [3]. A lower dosage of IFN-o (5-6 MU three
times weekly) has been used in Asian patients with similar
efficacy [4, 5]. The extended treatment duration for longer
than 6 months may improve the rate of HBeAg serocon-
version in those who have HBeAg loss within 16 weeks of
treatment [6]. Asian patients with elevated ALT responded
to treatment at rates similar to Caucasians [7]. The efficacy
of IFN-« in children with elevated ALT was similar to that
in adults [8—11]. Retreatment of patients who failed to
respond to previous IFN-« therapy with IFN-o achieved
HBeAg loss in 20-40% of cases [12]. IFN-«-induced
HBeAg seroconversion was sustained in 80-90% of cases
and delayed HBeAg seroconversion (1-2 years post-treat-
ment) could occur in 10-15% [13-15].

The long-term follow-up studies have shown increased
clearance of HBsAg over time in patients with IFN-o-
induced HBeAg loss (12-65% of patients within 5 years of
HBeAg loss) [16-21], but loss of HBsAg over time has
been shown to be rare in Asian patients [14, 22]. An 11-
year follow-up study of 233 Taiwanese patients with
HBeAg-positive chronic hepatitis treated with IFN-o; found
that treated patients had a lower incidence of cirrhosis
(18% vs. 34% in matched untreated controls), a lower
incidence of HCC (3% vs. 13%), and a higher survival rate
(98% vs. 53%) [23]. A study in Caucasian patients also
showed a lower incidence of HCC (1.9% vs. 3.2%) and a
lower liver-related death incidence (4.9% vs. 8.7%) in 765
IFN-o-treated HBeAg-positive patients compared with
1,210 untreated controls [24]. However, a study of long-
term follow-up of IFN treatment in 208 Chinese patients

with chronic hepatitis B did not show significant long-term
clinical benefits when compared with 203 untreated
patients [25] (The majority of the treated patients (64%) in
this study had normal serum ALT and a median age of 27
years old which might be associated with poor response to
IFN therapy, resulting in no significant improvement of
long-term clinical outcomes, and the majority of untreated
patients (72%) had normal serum ALT and a median age of
28 years old, which might be associated with a slow liver
disease progression).

IFN-a treatment in HBeAg-negative chronic hepatitis B
(Table 1)

IFN therapy resulted in end of treatment biochemical and
virological response in 60-90% of HBeAg-negative, HBV-
DNA-positive chronic hepatitis B cases [26-28]. However,
over half of the responders relapsed post-therapy resulting
in low sustained response: 10-15% with 4-6 months of
treatment and 22% with 12 months of treatment [29-31]. A
6- to 10-month course of IFN therapy in Asian patients
achieved sustained response at 6 months post-therapy of
30% [32]. A study of extended IFN-o treatment for 24
months induced sustained response in 30% and HBsAg
clearance in 18% at 6 years post-therapy [33]. IFN-o re-
treatment in HBeAg-negative chronic hepatitis B achieved
a response rate in 20-40% of treated patients [29]. IFN-«
treatment improved survival and hepatic complication-free
survival in patients with sustained biochemical response
[30].

IFN-a treatment in chronic hepatitis B with cirrhosis

IFN-a has been used in patients with well-compensated
cirrhosis with comparable response to that in non-cirrhotic
patients [34-36]. IFN therapy in HBeAg-positive patients
with compensated cirrhosis showed a sustained HBeAg
loss in 30-63% of the patients. This sustained response rate
was as good as (63% vs. 47%, P = 0.08) or better than in

Table 1 Conventional IFN-« therapy in patients with chronic hepatitis B

Conventional IFN-a 5 MU qd Control Conventional IFN-o 5 MU qd or Control
or 10 MU TiW 12-24 weeks in 10 MU TiW 6-12 weeks in
HBeAg-positive [1] HBeAg-negative [26-3]
Loss of serum HBV DNA? 37% 17% 60-90% 10-20%
Loss of HBeAg 33% 12%
Loss of HBsAg 7.8% 1.8%
Normalization of ALT Difference of 23% 60-70% 10-20%
Durability of response 80-90% 10-22%

TiW = 3 times per week

# Hybridization or branched chain DNA assays (lower limit of detection 20,000-200,000 IU/ml or 5-6 log copies/ml)
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those without cirrhosis (59% vs. 24%, P = 0.01, 50% vs.
29%, P = 0.034) [13-18, 36]. In HBeAg-negative patients,
the sustained response rate to IFN-« therapy in cirrhotic
patients was found to be similar to that in those without
cirrhosis (26-28% vs. 18-27%) [30, 31]. IFN-a therapy in
patients with cirrhosis has been shown to reduce the risk of
decompensation, HCC, and prolong survival in responders
[37]. IFN-o therapy in patients with well-compensated
cirrhosis has a similar side effect profile as in those without
cirrhosis [37]. However, IFN-o is contraindicated in
patients with overt or decompensated cirrhosis because it
may precipitate hepatic decompensation resulting in fatal
complications [38, 39].

Pegylated interferon alfa (Peg IFN-a)

Peg IFN-u« treatment in HBeAg-positive chronic
hepatitis B

A study of a 24-week course of weekly Peg IFN-«-2a in
Asian patients showed a higher combined response
(HBeAg loss, HBV DNA <500,000 copies/ml, and ALT
normalization rate; 28% vs. 12%, P = 0.036) and a
higher HBeAg seroconversion rate than a 24-week course
of conventional IFN-o-2a (33% vs. 25%, P > 0.05) [40].
The superior HBeAg loss over conventional IFN-o was
confirmed by a study of Peg IFN-o-2b treatment for
24 weeks in 230 Chinese patients compared with con-
ventional IFN-o-2b [41]. In a subsequent phase III trial
involving 814 patients (>85% Asian), a 48-week course
of Peg IFN-o-2a monotherapy 180 pg once weekly
achieved ALT normalization in 41%, HBeAg serocon-
version in 32%, HBV DNA level <10° copies/ml in 32%,
HBV DNA <400 copies/ml in 14%, and HBsAg sero-
conversion in 3% of the patients assessed 24 weeks after
treatment was stopped [42]. Recent analyses of only
Asian patients in that phase III trial found a similar
HBeAg seroconversion rate of 31% [43]. In a study of
Peg IFN-o0-2b involving mainly Caucasian patients
(79%), a 52-week course (100 pg once weekly for
32 weeks followed by 50 pg weekly for 20 weeks) gave
a 26-week sustained HBeAg seroconversion in 29% of
patients and HBsAg clearance in 7% of patients [44].
The long-term follow-up post-Peg IFN-o-2a therapy
showed delayed HBeAg seroconversion in 14% of the
initial non-responders and durability of HBeAg serocon-
version in 86% of initial responders at 1 year after the
end of treatment [45]. Among Asian patients who
achieved a sustained HBeAg seroconversion at 12 months
post-treatment, 69% had HBV DNA levels <10,000
copies/ml and 38% had HBV DNA levels <400 copies/
ml [43].
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Peg IFN-u« treatment in HBeAg-negative chronic
hepatitis B

The treatment with Peg IFN-z-2a 180 pg weekly for
48 weeks in HBeAg-negative chronic hepatitis B patients
in a large phase III trial showed normal serum ALT in
59%, HBV DNA levels <20,000 copies/ml in 43%, HBV
DNA <400 copies/ml in 14%, and HBsAg clearance in 3%
of the patients at 6 months after the end of therapy [46]. In
that phase III trial, 61% of the patients were Asian. The
combined response, defined as ALT normalization and
HBV DNA <20,000 copies/ml at 6 months after the end of
48 weeks Peg IFN-o-2a therapy, was 45% in Asian
patients, which was similar to the 36% in overall patients
[43]. Of the Asian patients with a normal ALT at 6 months
post-treatment with Peg IFN-«-2a (n = 58) who partici-
pated in the long-term follow-up, 78% maintained a normal
ALT at 12 months post-treatment [43]. Of a total of 46
Asian patients with HBV DNA levels <20,000 copies/ml at
6 months post-treatment, 61% and 26% of them had HBV
DNA levels <20,000 copies/ml and HBV DNA <400
copies/ml at 12 months post-treatment, respectively [43].

Peg IFN-u« treatment in chronic hepatitis B
with cirrhosis

Approximately, 10-30% of the patients in the three Peg
IFN-« trials had advanced fibrosis or cirrhosis [42, 46]. The
side effect profiles of Peg IFN-o in patients with cirrhosis
were similar to those without cirrhosis. The treatment with
a 52-week course of Peg IFN-o-2b alone or in combination
with lamivudine in 24 HBeAg-positive patients with cir-
rhosis showed higher sustained virological response,
defined as HBeAg seroconversion and HBV DNA <10,000
copies/ml at 26 weeks after the end of therapy, than in
those without cirrhosis (30% vs. 14%, P = 0.02) [47].
Improvement in liver fibrosis occurred more frequently in
patients with advanced fibrosis than in those without
advanced fibrosis (66% vs. 22%, P < 0.001) [47]. The side
effects, including serious side effects, in patients with and
without advanced fibrosis were comparable [47].

Combination therapy

Studies of combination therapy of IFN-o or Peg IFN-o and
lamivudine compared with IFN-a or Peg IFN-o alone or
lamivudine alone in HBeAg-positive and HBeAg-negative
chronic hepatitis B patients have found that the combination
therapy had greater on-treatment viral suppression and a
higher rate of sustained response than lamivudine alone, but
there was no difference in sustained off-treatment response
when compared to IFN-o or Peg IFN-o alone [42-52].
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A study of combination therapy with Peg IFN-a-2b 1.5 pg/
kg of body weight weekly, given for 32 weeks, plus lami-
vudine 100 mg daily, given for 52 weeks, compared with a
52-week course of lamivudine monotherapy in 100 Chinese
patients with HBeAg-positive chronic hepatitis B, showed a
better sustained virological response (HBeAg seroconver-
sion and HBV DNA <500,000 copies/ml at 24 weeks after
the end of therapy) in patients treated with combination
therapy than in those treated with lamivudine monotherapy
(36% vs. 14%) of the patients [48]. The combination ther-
apy had a lower rate of lamivudine resistance than
lamivudine monotherapy (21% vs. 40%) [48]. A study of
Peg IFN-a-2b plus adefovir therapy for 48 weeks showed
HBV DNA <100 copies/ml in 54%, HBeAg seroconversion
in 33%, ALT normalization in 46%, and HBsAg serocon-
version in 17% of cases at the end of treatment [53].
However, the number of patients in this study was too small
to draw firm conclusions. A clinical trial of sequential
therapy with lamivudine 100 mg daily for 4 weeks fol-
lowed by Peg IFN-0-2b 1.0 pg/kg per week for a further
24 weeks (n = 36 patients) compared with Peg IFN-o-2b
monotherapy for 24 weeks (n = 27 patients) in HBeAg-
positive chronic hepatitis B patients showed a significantly
higher rate of HBV DNA undetectability (<4,700 copies/
ml), 50% vs. 14.8%, and higher rates of HBeAg clearance,
38.9% vs. 14.8%, at 6 months post-therapy in patients with
combination therapy than those with monotherapy [54]. To
date, there has been no large clinical trial that confirms the
benefits of Peg IFN-o plus lamivudine therapy over Peg
IFN-o monotherapy.

Peg IFN-« in chronic hepatitis non-responders
to lamivudine

The treatment with a 52-week course of Peg IFN-a-2b of
HBeAg-positive non-responders to lamivudine showed
HBeAg seroconversion in 29% and ALT normalization in
41% at 26 weeks after the end of treatment [55]. Patients
with elevated serum ALT at the time of starting Peg IFN
treatment had a better response rate [55]. A study of Peg
IFN-¢-2a in non-responders to lamivudine or adefovir
dipivoxil presented at the APASL meeting in Manila, in
2006, also found that the response rates were similar to
response rates seen in naive chronic hepatitis B patients
[56].

Predictors of response to conventional IFN
and Peg IFN-«

The predictors of response to conventional IFN and Peg
IFN-a therapy include a high baseline ALT, low baseline
HBV DNA, and a high grade of necroinflammatory activity
[7, 34, 48, 57, 58]. HBV genotypes A and B have been

reported as showing a better response than genotypes D
and C, respectively [59-62]. However, a study involving a
48-week course of Peg IFN-o-2a treatment in Asians
showed a similar response rate between genotypes B and C
[43]. ALT flare followed by a decrease in HBV DNA, HBV
DNA viral decline, and HBeAg levels during Peg IFN-o
therapy were the predictors of response at the end of fol-
low-up [63, 64]. Baseline ALT, baseline HBV DNA, and
HBV genotype influenced the combined response at
24 weeks post-treatment in patients with HBeAg-negative
chronic hepatitis B treatment with a 48-week course of Peg
IFN-a-2a with or without lamivudine [58]. However, pre-
dictors of sustained response in HBeAg-negative patients
are not consistent.

Side effects of IFN and Peg IFN-a

Standard IFN-o and Peg IFN-o have similar side effects.
The most frequently reported side effects are flu-like
symptoms, headache, fatigue, myalgia, alopecia, and local
reaction at the injection site [43, 45, 48]. IFN-« and Peg
IFN-a have myelosuppressive effects but neutropenia
<1,OOO/mm3 and thrombocytopenia <50,0000/mm3 are
uncommon unless patients have cirrhosis or low cell counts
prior to treatment. Neutropenia and thrombocytopenia
induced by IFN or Peg IFN do not significantly increase the
risk of infection and bleeding except in patients with cir-
rhosis or immunosuppression. Although IFN and Peg IFN
have many side effects, they are well tolerated. Premature
discontinuation due to patient’s intolerability has been
reported in 2-8% of patients treated with Peg IFN-a [43,
45, 48, 65].

Thymosin a; in chronic hepatitis B

A few studies have evaluated the efficacy of thymosin o,
treatment in patients with chronic hepatitis B. Treatment
with thymosin o; 1.6 mg twice weekly for 6 and 12 months
showed a complete response, defined as ALT normaliza-
tion, undetectable HBV DNA by solution hybridization
assay and HBeAg loss at 12 months after the end of ther-
apy in 40-45% and 32% of treated HBeAg-positive
patients [66, 67]. HBV genotype B responded to therapy
better than genotype C (52% vs. 24%, P = 0.036) [67]. A
study of 316 Japanese patients with HBeAg-positive
chronic hepatitis B treated with either 0.8 or 1.6 mg of
thymosin o six times a week for the first 2 weeks and then
twice a week for a further 22 weeks showed HBeAg
seroconversion in 18.8% and 21.5% at 48 weeks after the
end of treatment for the 0.8 and 1.6 mg doses, respectively
[68]. In this study, 95% of the patients were genotype C
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and an HBeAg seroconversion rate of 21.5% was similar to
24% in a study of Taiwanese patients infected with geno-
type C [67, 68]. 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 months 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 [69]. A randomized controlled trial of
lymphoblastoid IFN 5 MU in combination with thymosin
o; 1.6 mg three times weekly compared with lympho-
blastoid IFN 5 MU three times weekly was conducted in 96
patients with HBeAg-positive chronic hepatitis B [70]. The
treatment duration was 24 weeks. The study found HBeAg
loss in 45.8 and 28% of patients with combination therapy
and with monotherapy, respectively, at 1 year after the end
of treatment (P = 0.067) [70]. There was no difference in
HBeAg seroconversion (43.8% vs. 28%, respectively, P
=0.104) and ALT normalization (56.3 vs. 56%, respec-
tively, P =0.982) at 1 year after the end of treatment
between the combination and monotherapy groups [70]. A
study of treatment with thymosin o; 1.6 mg twice weekly
for 6 months in Chinese patients with HBeAg-negative
chronic hepatitis B showed a complete response, defined as
ALT normalization and undetectable HBV DNA by PCR
assay, in 11 of 26 patients (42.3%) at 6 months after the
end of treatment [71]. The main advantages of thymosin o,
are the fixed duration of treatment and minimal side
effects.

Conclusions

A finite duration of conventional IFN-o treatment among
patients with chronic hepatitis B results in increased sus-
tained virological and biochemical response, improvement
of liver histology, and prevention or reduction of disease
progression. A long-term follow-up after IFN therapy
shows a higher survival rate in treated patients. Peginter-
feron-o has a better pharmacokinetic profile requiring only
a weekly dosing and slightly superior efficacy over con-
ventional IFN. IFN or Peg IFN-o treatment in patients with
well-compensated cirrhosis is as good as or slightly better
than in those without cirrhosis with comparable side
effects. Because of intolerability and fatal serious side
effects, IFN is contraindicated in patients with decom-
pensated cirrhosis. Peg IFN-o treatment in lamivudine non-
responders has a sustained response as good as in naive
patients. Thymosin o, is effective in treatment of HBeAg-
positive and HBeAg-negative chronic hepatitis B with a
significantly increasing virological response over time after
therapy. Because of a lack of studies on the benefits of
individualized therapy according to HBV genotype, HBV
genotyping before therapy is currently not recommended.
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Recommendations for immunomodulator therapy
in chronic hepatitis B

1. HBeAg-positive chronic hepatitis B:

Finite duration treatment with conventional IFN-o,
peginterferon-o« or Thymosin «; is recommended in
patients with serum HBV DNA >20,000 IU/ml and
serum ALT >2-10 x ULN

Dose and treatment duration:

IFN-o0 5 MU daily or 10 MU three times a week for 4—
6 months. The lower dose of IFN-« 5 MU three times a
week can be used in Asians.

Peg IFN-a-2a 180 pg weekly or Peg IFN-o-2b 1.5 ng/kg
of body weight weekly for 6-12 months.

Thymosin o; 1.6 mg twice a week for 6 months.

2. HBeAg-negative chronic hepatitis B:

Finite duration treatment with conventional IFN-o,
peginterferon-o, or Thymosin o; is recommended in
patients with serum HBV DNA >20,000 IU/ml and
serum ALT >2-10 x ULN or HBV DNA>2,000 IU/ml
with a significant liver histology.

Dose and treatment duration:

IFN-o 5 MU daily or 10 MU three times a week for
12 months. The lower dose of IFN-o 5 MU three times a
week can be used in Asians/Asian patients.

Peg IFN-a-2a 180 pg weekly or Peg IFN-o-2b 1.5 ng/kg
of body weight weekly for 12 months.

Thymosin o; 1.6 mg twice a week for 6-12 months.

3. Chronic hepatitis B with well-compensated cirrhosis
can be treated with IFN-« or Peg IFN-o at the same
dose used in those without cirrhosis.

4. Peg IFN-a can be considered for treating chronic
hepatitis B non-responders to nucleos(t)ide analogues.

5. Although HBV genotype is a predictor of response,
HBV genotyping before IFN-« or Peg IFN-o therapy is
currently not recommended.

6. Future studies to identify the optimal combination
therapy and to confirm its benefits are essential.
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