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B REVIEW R

Current Antiviral Therapy for Chronic Hepatitis B

During the past decade, major breakthroughs have been achieved in treatment of
chronic hepatitis B. Currently, three therapeutic agents are approved for chronic hep-
atitis B: interferon-alpha, lamivudine and adefovir dipivoxil. In patients with HBeAg-
positive chronic hepatitis B, all of these drugs achieve HBeAg loss (24-33%) and
anti-HBe seroconversion (12-30%) rates that are superior to those observed in un-
treated controls. Interferon-alpha has several drawbacks, such as the parenteral
administration and the development of frequent and potentially serious side effects.
Lamivudine is a safe drug with rare and generally mild side effects. Lamivudine
induces an initial virological remission in 70-90% of patients, but only 30-40% of
patients remain in remission after the third year due to progressively increasing
viral resistance. The main advantage of adefovir dipivoxil is the rare emergence of
resistance, which has been identified in less than 2% of patients at 2 yr of treat-
ment. Adefovir is also effective against lamivudine-resistant strains. This review
will focus on the natural history and recently gained knowledge on the treatment of
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INTRODUCTION

Chronic hepatitis B virus (HBV) infection is a major pub-
lic health problem and leading cause of chronic liver disease
and hepatocellular carcinoma (HCC) in Korea. In the past 10
yt, remarkable strides have been made in the antiviral thera-
py of HBV infection. However, due to many limitations in
the current treatments, careful considerations of the patient’s
age, severity of liver disease, likelihood of response, and poten-
tial side effects are needed before treatment is initiated. The
choice of therapy is dependent on a balance between long-
term benefit versus risk, as well as cost and patient prefer-
ence. The decision to treat or not to treat and with what kind
of treatment should be made jointly by the physician and
patient after careful consideration of all the factors listed above.
This review will focus on the current antiviral treatment of
patients with HBV related compensated chronic liver diseases.

Currently, consensus guidelines regarding the antiviral
therapy for hepatitis B is not available in Korea. Therefore,
the Practice Guidelines of the American Association for the
Study of the Liver Diseases (AASLD), International Consen-
sus Conference of European Association for the Study of the
Liver (EASL), and Asia-Pacific Association for the Study of
Liver (APASL) guidelines on hepatitis B are referred for the
recommendations in this review (1-5).
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NATURAL COURSE OF CHRONIC HEPATITIS B
VIRUS INFECTION

Despite significant progresses in the prevention of HBV
transmission, there are more than 300 million chronic HBV
carriers worldwide, and three fourths of such carriers are liv-
ing in Asia, including Korea. The prevalence of chronic HBV
carriers are still about 4.4% in Korea (6-9). Although the
natural history of chronic HBV infection is variable, 15% to
40% of such carriers will develop serious sequelae such as
cirrhosis, hepatic decompensation, and HCC during their
lifetime (1, 4).

The natural history of chronic hepatitis B is largely deter-
mined by the persistence of viral replication and the vigor
of the host immune response to infected hepatocytes. In gen-
eral, progression to chronic hepatitis B after acute infection is
influenced by the age of acquisition of infection and the degree
of immunologic competence. In endemic areas of HBV infec-
tion, the most common mode of HBV infection is perinatal
transmission, which result in high rate of chronicity over
90%. The natural course of perinatally acquired HBV infec-
tion may be divided into several phases (10, 11). The first
phase is characterized by the presence of hepatitis B e anti-
gen (HBeAg) and high levels of serum HBV DNA but nor-
mal aminotransferases (ALT). This immune-tolerant phase is
most commonly seen in children and adolescents, and typi-
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cally lasts 10-30 yr, during which time there is a very low
rate of spontaneous HBeAg clearance. The second phase is
immune-clearance phase which is characterized by the ele-
vation of serum ALT as well as the presence of HBeAg and
high levels of serum HBV DNA (HBeAg positive chronic
hepatitis). During this phase, which typically occurs during
second to fourth decade of chronic infection, spontaneous
HBeAg clearance occurs at an annual rate of about 10%. The
third phase is characterized by the clearance of HBeAg, devel-
opment of antibody to HBeAg (anti-HBe), low or sometimes
undetectable serum HBV DNA and normal ALT levels. This
inactive carrier state may persist indefinitely or be interrupted
by reactivation of HBV replication. HBeAg-negative carri-
ers are a heterogeneous group. Most of them have low levels
of viral DNA, relatively normal levels of ALT, and a good
prognosis. However, at least 15 to 20% of such carriers have
elevated levels of ALT and viral DNA in the blood (HBeAg
negative chronic hepatitis). Patients in this phase are older,
have been infected for longer duration of time, and have more
advanced liver disease. The virus in many such HBeAg-nega-
tive chronic hepatitis B patients harbors mutations in the
preC or core promoter region that prevent the production of
HBeAg (12).

TREATMENT OF CHRONIC HEPATITIS B

The aims of treatment of chronic hepatitis B are to achieve
sustained suppression of HBV replication and to stop the
progression of hepatic inflammation. The usual marker of
successful therapy in HBeAg-positive chronic hepatitis B is
the “HBeAg Seroconversion”, which includes all of follow-
ings: normalization of serum ALT level, undetectable serum
HBYV DNA by an unamplified assay (<10’ copies/mL), the
loss of HBeAg, and seroconversion to anti-HBe. True cure
of infection (loss of HBsAg and complete disappearance of
viremia, as measured by stringent PCR assays) is achieved
only infrequently (in 1 to 5% of patients) with current regi-
mens although the increasing numbers of active antiviral
drugs might lead to an upward revision of this figure in the
future. In the case of patients with HBeAg-negative chronic
hepatitis, sustained normalization of ALT and undetectable
HBV DNA by PCR assay were suggested as end point of
treatment (2, 13, 14).

Currently, three therapeutic agents, interferon (IFN) and
two orally administered antiviral agents lamivudine and ade-
fovir dipivoxil, have been approved by the FDA for the treat-
ment of chronic hepatitis B (Table 1). These antiviral treat-
ments are recommended only for the patients with positive
HBV-DNA by non-amplified assay and elevated ALT levels
of at least more than twice the upper normal limit, as patients
with normal ALT levels respond poorly to these agents. For
patients with higher ALT levels of more than five times the
upper normal limits, close monitoring is recommended as
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Table 1. Comparison of three approved treatment of chronic
hepatitis B

IFN Lamivudine  Adefovir

Indications
HBeAg+normal ALT - - -
HBeAg+chronic hepatitis + + +
HBeAg-chronic hepatitis + + +
Decompensated cirrhosis - + +
Duration of treatment
HBeAg+chronic hepatitis  4-6 months >1yr >1yr
HBeAg-chronic hepatitis 1yr >1yr >1yr
Decompensated cirrhosis NA Indefinite  Indefinite
Durability of response
HBeAg+chronic hepatitis ~ 80-90% 50-80% Unknown
HBeAg-chronic hepatitis®  20-25% ~10% Unknown
Route Subcutaneous Oral Oral
Side effects Many Negligible  Potential
nephrotoxicity
Contraindications ++ - -
Drug resistance ~20%/1yr  2%[2yr
~70%/5 yr
Cost (Korean Won) 3,000,000 1,400,000 5,400,000

(6 mo) (1yn) (1yn

*After 12 months of treatment. NA, Not analysed.

these patients may be in a disease exacerbation stage leading
to severe hepatitis or hepatic decompensation.

INTERFERON

For many years, administration of IFN-alfa (5 million units
everyday or 10 million units three times per week subcuta-
neously, for at least four months) was the mainstay of thera-
py- About 30% of patients who tolerated this regimen had
a successful response, defined as a loss of HBeAg, the devel-
opment of anti-HBe, and a decline in serum alanine amino-
transferase levels, compared with 12% of controls (15).

However, the side effects of IFN-alfa (fever, myalgias, throm-
bocytopenia, and depression) are troublesome for many patients.
Moreover, a flare of liver injury occurs in many patients dut-
ing administration of IFN-alfa, often just before or during
clearance of HBeAg. This phenomenon may reflect the immu-
no-modulatory activity of IFN-alfa, which, in addition to
impairing HBV replication, can also cause up-regulation of
MHC class I antigens on hepatocytes and thereby augment
the recognition of infected cells by cytotoxic T lymphocytes.
These flares are intrinsic to the therapy and, as markers of
enhanced antiviral immune responsiveness, often presage a
successful outcome. Treatment with IFN-alfa is generally
contraindicated in very advanced liver disease, since in such
cases the flares may precipitate overt liver failure despite dose
reduction (16). Moreover, patients with advanced cirrhosis
and splenomegaly usually have base-line leukopenia and
thrombocytopenia, which can get worse by IFN treatment.
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Controversy still exists over Asian patients who usually acquire
HBYV infection at birth. These patients are presumably immu-
nologically tolerant of hepatitis B infection and have mini-
mal elevation of ALT values. However, even in Asian patients,
when their ALT is elevated, the response rate to IFN is com-
parable to that of Western patients (17). Sustained loss of
HBV replication markers is unlikely in patients with chronic
hepatitis B infected with precore mutants when treated with
IFN for 6 months. However, longer courses of IFN-alpha
were reported to improve the sustained response rates, reach-
ing 20-25% (18, 19).

IFN-alfa-induced HBeAg clearance has been reported to
be durable in 80% to 90% of patients during a follow-up
petiod of 4 to 8 yr after discontinuation of therapy. However,
particularly in Asian patients, complete eradication of HBV
is rare as most responders continued to have detectable HBV-
DNA in serum using sensitive PCR assays unless they became
HBsAg-negative.

The therapeutic effect of new pegylated IFN for chronic
hepatitis B remains to be studied.

LAMIVUDINE

Lamivudine, the (-) enantiomer of 2 -deoxy-3 -thiacyti-
dine, is a cytosine analog with potent inhibitory effect on
the RNA-dependent DNA polymerase of HBV and HIV.
Lamivudine is rapidly absorbed orally with a bioavailability
of more than 80%, and it is excreted in urine. It is a safe drug
with rare and generally mild side effects (20, 21). In gener-
al, treatment with lamivudine results in a reduction of 3 to
4 log in circulating levels of HBV DNA in the first three
months of therapy; this decline is associated with more rapid
loss of HBeAg, seroconversion to anti-HBe-positive status,
and improvement in serum aminotransferase levels. The drug
is usually well tolerated, a factor that has led to the rapid
displacement of IFN alfa from the list of first-line therapies
for HBV. Lamivudine is not immunomodulatory and can be
used in patients with decompensated cirrhosis (22).

Although lamivudine is not an immunomodulator, there
is strong evidence that successful treatment with lamivudine
relies to some extent on an adequate host immune response.
This evidence emerged from a retrospective examination of
subgroups of patients with optimal responses to therapy,
which revealed a strong correlation between HBeAg clear-
ance and elevated pretreatment values for alanine aminotrans-
ferase. HBeAg seroconversion occurred in 2%, 7%, 20%,
and 42% of patients with pretreatment ALT levels within
normal, 1-2 times , 2-5 times, and more than 5 times of the
upper limit of normal range, respectively (23). This finding
suggests that by reducing the viral load, lamivudine allows
the immune and inflammatory responses to deal more effec-
tively with the remaining infected hepatocytes in the host.
Among Asian patients with elevated ALT levels, HBeAg
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seroconversion rates are similar to those in Western patients
with comparable ALT levels (23). Histological improvement
defined as a reduction in necroinflammatory score greater
than or equal to 2 points was observed in 49% to 56% of
treated patients and in 23% to 25% of controls.

Reductions of HBV-DNA serum levels were noted after
2 weeks of lamivudine therapy in 97% of treated patients
and eventually became undetectable in almost all patients.
However, after premature cessation of the therapy, serum
HBV-DNA in these patients almost always reappeared (24).
This phenomenon has been attributed to the persistence of
covalently closed circular DNA (cccDNA) of HBV in the
nuclei of hepatocytes, which results in rapid return of HBV
replication after lamivudine withdrawal. Follow-up reports
of the multicenter Asian study showed that HBeAg serocon-
version rates increased with the duration of treatment from
17% at 1 yr to 27%, 33%, 47%, and 50% at 2, 3, 4, and 5
yr, respectively (24, 25).

The principal limitation of lamivudine therapy is the devel-
opment of drug resistance, which is mediated largely by point
mutations at the YMDD motif at the catalytic center of the
viral reverse transcriptase (26). The resulting mutants are
slightly less fit than wild-type HBV in the absence of the
drug, but they are strongly selected in its presence. By the
end of one year of therapy, 15 to 20% of patients have resis-
tant variants in the circulation; the figure rises to 40% by
two years, and to 67% by the fourth year (24, 25).

The clinical significance of the development of resistance
is still being debated. Clearly, in many patients, resistance
presages a return of higher-level viremia, and in some of these
patients further liver injury develops (27, 28). However, al-
though the level of viremia rises, in many patients it may
still remain below pretreatment levels, perhaps as a result of
the reduced fitness of the variants (29). In addition, some
patients continue to undergo conversion from HBeAg-posi-
tive status to HBeAg-negative status, even after the appear-
ance of lamivudine-resistant mutants (24, 28). Therefore,
some experts favor the continuation of lamivudine therapy
in compensated patients with resistant variants, especially
since transient exacerbations of liver injury may develop in
some patients when antiviral therapy is withdrawn. However,
fatal severe flare may also develop during the continuation of
lamivudine therapy. Recently, it was reported that there is
no benefit in continued lamivudine therapy and it is gener-
ally safe to stop lamivudine in patients harboring YMDD
mutants (30, 31). Now that newer anti-HBV drugs are avail-
able, additional options exist for the patients with resistant
strains of HBV. In patients with lamivudine resistant decom-
pensated liver cirrhosis, adefovir can be used as a rescue therapy.

Another drawback of lamivudine therapy is the low dura-
bility of long-term response in patients who achieve HBeAg
seroconversion. Although HBeAg seroconversion after stop-
ping lamivudine therapy has been reported to be maintained
in 77% of patients from Western countries, such long-term
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responses appear to be less durable in Korean patients (32-34).
In one of our studies, the cumulative post-treatment relapse
rates at 1 and 2 yr were as high as 38% and 49% (33). The
percentage of responders who maintain HBeAg seroconver-
sion after cessation of lamivudine appears to be associated
with the duration of additional lamivudine therapy after the
seroconversion, serum HBV levels at the time of cessation
of therapy and perhaps with the duration of HBV infection
(33-36). Although the duration of extension of lamivudine
therapy after HBeAg seroconversion is not determined yet,
international guidelines recommend to continue therapy for
3-6 months after seroconversion to maintain durability (1-4).

ADEFOVIR DIPIVOXIL

Adefovir dipivoxil is the second nucleoside analogue, which
has been recently approved for use in chronic hepatitis B.
Adefovir dipivoxil is the oral prodrug of an acyclic monophos-
phate adenine analog, which is a selective inhibitor of DNA
polymerase and reverse transcriptase activity of HBV. Large,
placebo-controlled clinical trials have shown potent activity
of adefovir against HBV with significant biochemical, viro-
logic, and histologic improvement in chronic hepatitis B
patients (37, 38). In HBeAg-positive chronic hepatitis B, a
12-month course of adefovir dipivoxil, at a daily dose of 10
myg, was found to achieve a loss of HBeAg in 24% of patients,
compared with 11% of controls, and the rate of HBeAg sero-
conversion (12%) was significantly greater than that observed
in the placebo group (6%) (37). In patients receiving adefovir,
HBV DNA was reduced by 3 to 4 log from baseline, and
there was histologic improvement in the liver. Although
clinical trials which directly compare the antiviral effect of
adefovir with lamivudine have not been performed, the rate
of HBeAg seroconversion among patients who received 10
mg dose of adefovir (12%) in phase III trial was similar to
that reported in randomized trials using lamivudine 100 mg
(16%) (20, 21). Similar to previous observations in patients
treated with IFN-alfa or lamivudine, higher baseline alanine
aminotransferase levels were associated with an improved
efficacy of adefovir dipivoxil therapy. Similar efficacy was
documented in HBeAg-negative patients with abnormal liver
function and elevated levels of viral DNA (38). Moreover, the
drug effectively inhibits the replication of lamivudine-resis-
tant HBV mutants. In patients with compensated or decom-
pensated chronic hepatitis B who have lamivudine resistance,
HBV DNA suppression and ALT normalization were achieved
in similar proportions of patients who received adefovir alone
or combination of adefovir and lamivudine (39-41).

The main advantage of adefovir dipivoxil is the rare emer-
gence of resistance, which makes the drug a favorable candi-
date for long-term maintenance therapy for patients with
advanced HBV liver disease. A new adefovir-resistant mutant,
rtN236T, has been identified in only 1.6% of patients at 96
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weeks’ follow-up (42).

On the other hand, its main disadvantages are its high cost
and the absence of very long-term data on its efficacy and
safety. Long-term effect of adefovir dipivoxil in patients with
HBeAg-negative chronic hepatitis B also remains to be elu-
cidated.

Adefovir is well tolerated and has similar side effect pro-
file as placebo in phase III clinical trials. However, adefovir,
when used in high doses, has been reported to be associated
with renal tubular dysfunction resembling Fanconi syndrome
as well as deterioration in renal function (43). Because of
these concerns, only the 10 mg daily dose has been approved.
At this dose, none of the patients in the two Phase III trials
developed renal tubular dysfunction or nephrotoxicity after
48 week of treatment (37, 38). However, renal function must
be monitored closely in all patients. More frequent moni-
toring should be performed in patients on adefovir for more
than 1-yr and with pre-existing renal insufficiency. Dosing
interval adjustments are recommended for patients with a
creatinine clearance less than 50 mL/min and in those requir-
ing haemodialysis.

CONCLUSIONS AND RECOMMENDATIONS

Current therapy of chronic hepatitis B has limited long-
term efficacy. Thus, careful consideration of severity of liver
disease, likelihood of response, and potential adverse events
and complications as well as costs is needed before treatment
is initiated. The advantages of IFN include a finite duration
of treatment, a more durable response and the lack of resis-
tant mutants. The disadvantages of IFN are the costs and
side effects. Lamivudine is well tolerated but the durability
of response appears to be lower, and long-term therapy is asso-
ciated with increasing risk of drug-resistant mutants which
may negate the initial benefits and in some patients result
in worsening of liver disease. The main advantages of adefovir
include its activity against lamivudine-resistant mutants and
a very low rate of resistance during initial therapy. However,
adefovir is significantly more costly than lamivudine, and
the durability of response, long-term safety and risk of drug
resistance remain to be determined. In the future, as newer
drugs are coming, combination therapies with multiple antivi-
ral drugs which would provide better long-term suppressive
effect for HBV and less drug resistance are anticipated.
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