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Chronic hepatitis B virus (HBV) infection is a leading cause
of cirrhosis and hepatocellular carcinoma worldwide. Its
prevalence approaches 10% in hyperendemic areas, such
as southeast Asia, China, and Africa. Although chronic
HBV infection is seen less frequently in North America and
Europe, an estimated 1.25 million persons in the United
States are infected. In the past decade, revolutionary
strides have been made toward the treatment of chronic
HBV infection. Interferon-a was once the only available
therapy but has recently been joined by the nucleoside
analogues, the most extensively studied of which is lami-
vudine. Interferon therapy continues to have a role in the
treatment of a carefully selected group of patients. Lami-
vudine therapy, which has less stringent selection criteria,
suppresses HBV DNA in almost all treated patients: Seven-
teen percent to 33% experience loss of hepatitis B e anti-
gen, and 53% to 56% have a histologic response. Extended
lamivudine treatment leads to the development of a spe-
cific lamivudine-resistant virus with base-pair substitutions
at the YMDD locus of the DNA polymerase. Newer nucle-
oside analogues and other immunomodulator therapies
are being investigated. In the future, combination therapy
with different classes of agents may yield improved re-
sponse rates and delay the development of resistance.
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hronic hepatitis B virus (HBV) infection ac-

counts for 5% to 10% of chronic liver disease
and cirrhosis in the United States (1, 2). Worldwide,
the number of infected persons is predicted to reach
400 million during 2000 (3). Fulminant HBV infec-
tion is an important cause of acute liver failure and
is responsible for approximately 100 to 200 deaths
per year in the United States. The distribution of
HBYV varies throughout the world. Areas with high
prevalence include southeast Asia, China, and Af-
rica, where approximately 10% of the population
are chronic carriers. North America, western Eu-
rope, and Australia have low levels of endemicity
(4). In persons infected with HBV, major morbidity
and mortality result when inflammatory liver disease
progresses to cirrhosis and hepatocellular carci-
noma.

Effective vaccines for HBV have been available
since 1981. The initial strategy for vaccination,
which targeted such high-risk groups as intravenous
drug users, attendees of sexually transmitted disease

clinics, inmates of correctional institutions, homo-
sexual men, patients undergoing hemodialysis, and
health care workers, was ineffective. More recently,
a broader approach has begun to dramatically re-
duce the prevalence of infection, the development
of HBV carrier state, and the incidence of hepato-
cellular carcinoma (5). Universal infant immunization
was recommended in the United States in 1991 (6).

Insights into the molecular biology of HBV have
led to exciting advances in its treatment. This review
focuses on the specific treatments available (Table
1) and discusses the replication of HBV to facilitate
understanding of the mechanism of the nucleoside
analogues.

Virologic Characteristics

Hepatitis B virus belongs to a family of DNA
viruses called hepadnaviruses. It is a partially double-
stranded circular DNA that is approximately 3200
base pairs in length and has four overlapping read-
ing frames. These encode several viral products: S
for surface gene, C for core, X for the x gene, and
P for DNA polymerase. The DNA polymerase is a
large reading frame of approximately 2500 base
pairs that acts as a conventional DNA polymerase
but also serves a reverse transcription function for
RNA intermediates (Figure 1).

When HBYV enters the hepatocytes, the genome
moves to the nucleus and is converted to covalently
closed circular DNA. This is transcribed to form an
RNA intermediate that can move to the cytoplasm,
where the virus polymerase uses reverse transcrip-
tion to convert it to a new circular DNA. The virus
polymerase is the site of action of the new reverse
transcriptase inhibitors that are wused to treat
chronic HBV infection (Figure 2).

Goals of Treatment

The objective of treating chronic HBV infection
is to halt progression of liver injury by suppressing
viral replication or eliminating infection. Sustained
loss of the markers of active viral replication (hep-
atitis B e antigen [HBeAg] and HBV DNA) results
in biochemical, clinical, and histologic remission. In
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Table 1. Treatment of Chronic Hepatitis B Virus

Infection*

Interferon-a
Antiviral agents or nucleoside analogues
Immunomodulator therapy
Non-HBV-specific
Thymosin
Interleukin-2
Interleukin-12
Levamisole
HBV-specific
PreS or S peptide vaccination
Cytotoxic lymphocyte epitope vaccination
DNA vaccination

* HBV = hepatitis B virus; S = surface.

general, seroconversion from HBeAg to hepatitis B
e antibody (anti-HBe) is associated with disappear-
ance of HBV DNA in serum and remission of liver
disease (7). However, because of mutation in the
precore region of the HBV genome, which prevents
production of HBeAg, some patients with anti-HBe
still have active liver disease and persistent viral
replication with serum levels of HBV DNA that are
detectable by non—polymerase chain reaction—based
assays (8).

Liver injury leading to cirrhosis occurs in patients
with active replication but is minimal in those whose
HBV DNA levels are negative despite persistence
of HBsAg. Therefore, patients with active replica-
tion are most in need of treatment. Although many
of these patients will have minimal evidence of liver
inflammation, the presence of persistent viremia
portends liver disease—if not now, then at a later
date. Therapy is aimed at eradicating viral replication.

Indications for therapy include evidence of ongo-
ing viral replication: presence of HBeAg and HBV
DNA for at least 6 months, persistent elevation of
aminotransferase levels, and evidence of chronic
HBV infection on liver biopsy (9). Although not
absolutely necessary, it is useful to perform a liver
biopsy before treatment to assess the extent of dis-
ease and to rule out other causes. Monitoring
should include monthly evaluations of serum levels
of HBV DNA, HBeAg, anti-HBe, and alanine ami-
notransferase (ALT).

Interferon-a

In 1992, interferon-a2b was approved by the U.S.
Food and Drug Administration (FDA) for use in
persons with chronic HBV infection. Until recently,
it was the only approved treatment. The current
recommended dose of interferon is 5 million U
injected subcutaneously each day or 10 million U
injected subcutaneously three times per week, for a
period of 16 weeks. Possible patterns of response
include a sustained response, in which DNA levels,
as measured by conventional hybridization assays,

724 2 May 2000 + Annals of Internal Medicine -

decrease and become negative. In two thirds of
persons who develop a sustained response, amino-
transferase levels increase transiently; in addition,
HBeAg is lost and anti-HBe develops (Figure 3)
(10). This aminotransferase flare is believed to be
a result of immune-mediated clearance of HBV-
infected hepatocytes. Although flares usually occur
during treatment, they may be seen after treatment
has been discontinued. Alternately, a partial response
may occur in which a transient decrease in levels of
aminotransferases and serum HBV DNA is associ-
ated with persistence of HBeAg (Figure 3) (10).
Interferon’s principal mechanism of action is
thought to include both antiviral and immunomodu-
latory effects (11-15). Interferons are effective for
the treatment of chronic HBV infection, particularly
when patients are carefully selected (16-20). Six-
teen weeks of treatment with interferon resulted in
clearance of HBeAg in approximately one third of
patients in a small trial (17). In the largest U.S. trial
(20), the efficacy of a 16-week course of interferon
at a dosage of 5 million U/d was compared with
that of a 6-week course of prednisone as “priming”
before initiation of interferon treatment (21, 22).
Both HBeAg and HBV DNA disappeared from se-
rum in 37% of patients treated with interferon
alone and 36% of those who received both pred-
nisone and interferon. This represented a significant
improvement compared with controls, of whom only
7% achieved the same result (P <0.001). Loss of
hepatitis B surface antigen (HBsAg) was seen in
12% and 11% of patients, respectively, and in 0% in
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Figure 1. Genome of hepatitis B virus (HBV). The viral genome is
partially double stranded. Four overlapping reading frames (surface [S], core
[C], polymerase [P], and the x gene [X]) encode for the viral proteins. Three
upstream regions (preC, preS1, and preS2) are also shown. The size of each
segment is shown in parentheses. aa = amino acids. Adapted with permis-
sion from reference 3.

B

Volume 132 + Number 9



Infectious
HBYV virion

O

New@
DNA[-] *

Pregenomic

M mRNA[+]
mRNA

A\VAVAY
\"oco—

cccDNA
Figure 2.

Mechanism of hepatitis B virus (HBV) replication and the site of action of different treatment methods. After HBV endocytosis into

hepatocytes, the genome is translocated to the nucleus and converted to covalently closed circular DNA (cccDNA), which is transcribed and translated to form

an RNA intermediate. Translocation of pregenomic RNA can be inhibited by

interferon-a, and reverse transcription of the pregenomic RNA by polymerase to

HBV DNA can be inhibited by nucleoside analogues. Association of the partially double-stranded DNA with envelope proteins leads to the formation of mature
HBV particles that are then released from the hepatocyte. mMRNA = messenger RNA. Adapted with permission from Glaxo-Wellcome Pharmaceuticals.

controls (P = 0.024). Aminotransferase levels nor-
malized more frequently in the treated groups.
Overall, histologic improvement was seen more of-
ten in treated patients, in association with serologic
responses (loss of HBeAg and HBV DNA). A
meta-analysis of seven additional studies showed a
similar lack of efficacy of prednisone priming (23).

A meta-analysis of 16 randomized, controlled tri-
als (19) found that loss of HBeAg and HBV DNA
occurred in 33% and 37% of interferon-treated pa-
tients compared with only 12% and 17% of con-
trols, respectively (P < 0.001). The number needed
to treat (NNT) to observe loss of HBeAg and HBV
DNA was 5. When compared with the background
rate of seroconversion, loss of HBsAg in serum
occurred in an additional 6% of patients. The NNT
to observe loss of HBsAg was 18.

Long-term follow-up studies to demonstrate im-
provement in survival or prevention of cirrhosis
have been limited. In 103 patients treated with in-
terferon (24), the S-year survival rate without com-
plications was approximately 95% among those who
became seronegative for HBeAg and less than 50%
among those who did not.

Interferons have significant side effects, including
flulike symptoms; fever; myalgia; mild bone marrow
suppression; thyroid abnormalities in 2% to 5% of
patients; and psychiatric side effects, such as depres-
sion, in approximately 15% of patients (25). Throm-
bocytopenia or granulocytopenia, serious mood
changes, or debilitating fatigue may lead to dose
adjustment or discontinuation. Interferon therapy
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must be used with caution in patients with cirrhosis
because it may exacerbate hepatitis and lead to
decompensation. Very low doses of interferon have
been used with some success in this setting (26).

Interferon is not effective in all patients. Despite
patient selection, only 30% to 40% have achieved
sustained responses. Factors that predict a favorable
response include low pretreatment levels of HBV
DNA (<200 pg/mL), high levels of serum amino-
transferases (>100 U/L), and evidence of active
necroinflammation in the liver (17, 18, 27). Other
factors sometimes associated with an improved re-
sponse include absence of immunosuppression, fe-
male sex, history of acute icteric hepatitis, short
known duration of hepatitis, wild-type (HBeAg-
positive) virus, and horizontal rather than perinatal
acquisition of the virus. For patients who do not
meet these criteria, response rates are less than 5%
(28).

For patients who do not respond to interferon or
are not appropriate candidates for such treatment,
other methods are required. This group of patients
also includes those who are immunosuppressed,
those with normal aminotransferase levels (and viral
replication), those with decompensated cirrhosis
(29), and those infected with HBeAg-negative pre-
core mutations.

Nucleoside Analogues

Nucleoside analogues were first tested two de-
cades ago (Table 2). However, these first-generation
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Figure 3. Interferon for chronic hepatitis B virus (HBV) infection.
Top. Sustained response. A “flare” of alanine aminotransferase (ALT) activ-
ity is associated with the loss of hepatitis B e antigen (HBeAg). Bottom.
Transient response. Serum levels of ALT (solid lines) and HBV DNA (dashed
lines) return to pretreatment levels after interferon therapy is discontinued.
Hepatitis B e antigen remains positive (+). Anti-HBe = hepatitis B e anti-
body. Adapted with permission from reference 10.

agents did not effectively suppress viral replication
and had serious side effects. More recently, fialuri-
dine, a fluoro-iodo-arabinofuranosyl-uracil nucleo-
side, markedly suppressed HBV DNA (30, 31) but
caused severe multisystem toxicity due to mitochon-
drial dysfunction in patients treated for more than 2
months (32). Because of this tragic experience,
more intensive preclinical investigation was done on
the effect of the new nucleoside analogues on mi-
tochondrial function.

Lamivudine

Lamivudine (Epivir-HBV, Glaxo Wellcome, Re-
search Triangle Park, North Carolina) is the first
nucleoside analogue to be approved by the FDA
(December 1998) for use in chronic HBV infection
(33) and is the only nucleoside analogue that has
been studied in long-term clinical trials. Lamivudine
competitively inhibits viral reverse transcriptase and
terminates proviral DNA chain extension (34, 35).
Unlike interferon, lamivudine and the other newer
nucleoside analogues, such as famciclovir, lobucavir,
and adefovir, do not affect the host immune re-
sponse. Lamivudine decreases HBV replication by
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approximately 3 to 4 log copies in most patients
(36). It is rapidly absorbed after oral administration
(37) and is excreted largely unchanged by the kid-
neys. In persons with substantial renal impairment,
reduced doses should be administered.

In preliminary trials, few side effects were seen
during 12 or 24 weeks of treatment with an optimal
dosage of lamivudine (100 mg/d) (38, 39). Serum
levels of HBV DNA decreased to undetectable lev-
els in 93% to 100% of patients. After therapy was
stopped, HBV DNA reappeared in most patients.

Three large placebo-controlled phase III clinical
trials of lamivudine (100 mg/d for 1 year) have been
performed. These trials included approximately 700
patients, both those who were treatment-naive (40,
41) and those who had not responded to previous
interferon therapy (42). The primary efficacy end
point was histologic response; this was defined as a
greater than 2-point reduction in the Histologic Ac-
tivity Index, which assesses periportal and bridging
necrosis, intralobular degeneration and focal necro-
sis, portal inflammation, and fibrosis or cirrhosis
(43).

Histologic responses occurred in 52% to 56% of
lamivudine recipients and 23% to 25% of placebo
recipients (P < 0.001 for all studies; NNT, 3 for
treatment-naive patients and 4 for nonresponders).
The median reduction in Histologic Activity Index
score was 3 to 4 in the lamivudine group and 0 in
the placebo group. Progression of hepatic fibrosis
decreased in all lamivudine recipients regardless of
serologic response. Loss of HBeAg by week 52 oc-
curred in 17% to 33% of lamivudine-treated pa-
tients and 11% to 13% of controls (P < 0.05; NNT,
5 for treatment-naive patients and nonresponders).
Lamivudine recipients were more likely to serocon-
vert to anti-HBe by week 52 (16% to 18% com-
pared with 4% to 6% in controls [P < 0.05]; NNT,
8 to 9 for treatment-naive patients and 20 for non-
responders). Sustained normalization of ALT levels
occurred in 41% to 72% of patients in the lamivu-
dine group and in 7% to 24% of placebo recipients
(P <0.001 for all studies). Alanine aminotransfer-
ase responses occurred as early as 2 weeks after the
start of treatment but were maximal only at 6
months.

Lamivudine induces a more rapid pattern of re-

Table 2. Nucleoside Analogues

First-generation Second-generation

Vidarabine Fialuridine

Acyclovir Lamivudine

Ganciclovir Famciclovir

Zidovudine Lobucavir

Ribavirin Adefovir (nucleotide analogue)
Didanosine BMS 200475

Zalcitabine Emtricitabine
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sponse than interferon: Levels of HBV DNA
showed a median reduction of 97% after 2 weeks
and 98% by 1 year. Suppression of HBV DNA was
well maintained during treatment. In a U.S. multi-
center study (41), serum HBV DNA levels generally
returned toward pretreatment values when treat-
ment was stopped, although they continued to re-
main below baseline. Compared with patients
treated for 3 or 6 months, who experienced a rapid
relapse to baseline HBV DNA levels within 2
months after treatment, patients treated for 12
months had a slower return of detectable HBV
DNA. In addition, their median HBV DNA levels
remained approximately 55% below baseline levels
for 4 months after treatment. The favorable re-
sponses seen with lamivudine in the Asian multi-
center trial are particularly meaningful because they
were obtained in a population that is unlikely to
respond to interferon (44).

In the Asian multicenter study, therapy was con-
tinued after 1 year and resulted in continued im-
provement in liver necroinflammation (45). The sus-
tained seroconversion rate of HBeAg to anti-HBe
increased during the second year from 17% to 27%
(46). However, the presence of detectable HBV
DNA increased to 48% among lamivudine-treated
patients after 2 years of therapy, suggesting lamivu-
dine resistance. Histologic characteristics continued
to improve despite the development of resistance.

Regarding durability of response after treatment,
70% to 90% of lamivudine-treated patients who had
achieved HBeAg seroconversion or HBeAg loss by
week 52 maintained their HBeAg responses 16 to
24 weeks after discontinuation of treatment (41, 47).
Therefore, for immunocompetent patients with
chronic HBV infection, it seems reasonable to con-
tinue treatment with lamivudine until HBeAg sero-
conversion is documented; lifelong treatment may
not be needed.

Clinical trials of interferon have been unsuccess-
ful for patients infected with precore mutant strains
of HBV (48, 49), but lamivudine therapy suppresses
HBV replication in these patients (50). Responses
to lamivudine among these patients are similar to
those reported in HBeAg-positive patients. Unlike
interferon, lamivudine is equally effective in suppress-
ing HBV replication independent of pretreatment
variables. However, as with interferons, increased
pretreatment ALT values are strongly correlated with
HBeAg seroconversion (51).

In the doses used for chronic HBV infection,
lamivudine has an excellent safety profile (52). No
mitochondrial toxicity or other toxicity has been
noted during treatment. After lamivudine therapy is
withdrawn, a twofold to threefold elevation in ALT
level may occur (21% compared with 11% in con-
trols). Jaundice or other signs of hepatic decompen-
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sation have not been noted; however, patients
should be closely monitored for several months af-
ter stopping treatment. Resumption of lamivudine
therapy is usually effective in treating these “flares”
in ALT level, and lamivudine can be used safely in
patients with decompensated liver disease.

Lamivudine: YMDD Mutations

The YMDD motif is a highly conserved domain
of all reverse transcriptases and is required for poly-
merase activation. In patients receiving long-term
therapy with lamivudine, resistance has been noted
in the form of mutations at the YMDD locus (53—
57). The best described so far is the substitution of
valine or isoleucine for methionine at residue 552
(53). The substitution of methionine for leucine at
position 528 has been described (54), as have other,
rarer mutations, including phenylalanine-leucine at
position 501 and leucine-methionine at position 515.
However, the clinical significance of these rarer mu-
tations is less clear (55, 56).

In phase III clinical trials of lamivudine therapy
in Asia (40), mutations in the YMDD motif of the
polymerase gene were noted only after the first 6
months of treatment. The rate of detection in-
creased progressively with additional therapy. In
four international multicenter trials of lamivudine,
16% to 32% of patients developed the YMDD mu-
tation after 1 year of lamivudine treatment. Patients
with YMDD mutations of HBV continue to dem-
onstrate partial suppression of HBV DNA, and many
have improved ALT levels and histologic findings
that are similar to those seen in patients without
resistance. This suggests that continued therapy with
lamivudine is prudent despite viral breakthrough. Two
similar mutations have emerged (YVDD and YIDD),
and it has been estimated that 99% of patients who
are HBeAg-positive and have elevated ALT levels
(>1.3 times the upper limit of normal) and detect-
able HBV DNA (>20 pg/mL by hybridization as-
say) after 24 weeks of lamivudine therapy have one
of these two forms (56). Because lamivudine-resis-
tant mutants do not replicate as well as wild-type
virus (58), wild-type virus quickly replaces the mu-
tated virus if treatment is discontinued (59). Thus, it
is difficult to stop lamivudine treatment because of
the risk for disease exacerbation.

A possible model for lamivudine resistance is as
follows. The affinity of lamivudine for the reverse
transcriptase enzyme of HBV correlates with the
length of the amino acid side chain in position 552.
Lamivudine binds at a pocket in the surface of the
enzyme formed in part by residue 552. Substitution
of methionine by isoleucine and then valine short-
ens the side chain progressively. As the side chain
decreases, the binding pocket increases, making it
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less capable of binding lamivudine and thereby in-
ducing resistance (53).

Lobucavir

Lobucavir is a guanosine nucleoside analogue
with broad-spectrum activity against many viruses.
In 81 patients treated with lobucavir for 12 weeks at
doses of 200 to 800 mg (60), the median suppres-
sion of HBV DNA was 3.5 log copies compared
with 0.05 log copies in those who received placebo
(P < 0.001). Hepatitis B virus DNA became unde-
tectable in 68% of treated patients (compared with
9% of controls), and HBeAg loss occurred in 23%
of patients in the 200-mg group. An inverse dose—
response relation was observed: Loss of HBeAg was
seen in 9% of patients in the 400-mg group and 5%
of patients in the 800-mg group. Extended treat-
ment with lobucavir was described as safe and effi-
cacious (61). Side effects included mild anorexia,
dizziness, and abdominal pain. Although lobucavir
seemed promising, the manufacturer (Bristol-Myers
Squibb, Wallingford, Connecticut) recently halted
clinical testing because of concerns about a possible
association between long-term administration and
neoplasia in mice and rats. The future of lobucavir
remains uncertain.

Famciclovir

Famciclovir is a well-absorbed oral form of pen-
ciclovir, an acyclic guanine derivative, that also in-
hibits HBV DNA polymerase (62-64). In a prelim-
inary trial, famciclovir, 500 mg three times daily,
suppressed HBV DNA in all patients and resulted
in HBeAg seroconversion in a small minority of
patients (64). Famciclovir suppresses HBV replica-
tion less rapidly and by a lower order of magnitude
than lamivudine, resulting in less frequent HBeAg
seroconversion (65). Famciclovir resistance (62) is
associated with mutations at residue 528 (domain
B) of the HBV DNA polymerase. Because of this, it
fails to overcome resistance to lamivudine (66). For
these reasons, famciclovir is less attractive than
other nucleoside analogues.

Adefovir

Adefovir is an adenine nucleotide analogue with
broad-spectrum activity (67) that is administered as
the prodrug adefovir dipivoxil. Clinical trials (68—
71) have suggested that adefovir may be effective as
first-line monotherapy for the treatment of chronic
HBV infection. In two phase II studies (72), 12
weeks of adefovir treatment at daily doses of 30 mg
or greater resulted in a reduction of 4 log copies in
levels of HBV DNA (P < 0.001 compared with con-
trols). Loss or seroconversion of HBeAg occurred in
20% to 27% of patients and in 0% of controls.
Levels of HBV DNA returned to baseline after
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treatment in patients who did not seroconvert. Ad-
efovir is well tolerated, but the development of re-
nal injury in patients treated with doses of 30 mg
and higher suggests that lower doses and renewed
vigilance for adverse events are needed (73).

No resistant mutations have been reported to
date with adefovir. In vitro, lamivudine-resistant
strains are generally susceptible to adefovir (74, 75),
although a higher concentration of the drug is re-
quired to suppress the M552V mutation. Mutated
HBV strains that are resistant to famciclovir are
also reported to be susceptible to adefovir (76). A
recent clinical study supports the efficacy of adefovir
in vivo (77).

Immunomodulator Therapy

Liver injury in chronic HBV infection occurs be-
cause of the host’s immune response to HBV. The
immune attack is mediated by the cellular immune
response (78). Recognition of viral determinants on
the liver cell surface leads to hepatocyte killing
through this response, and viral replication is
aborted when it is carried to completion. Patients
who successfully clear the virus demonstrate effec-
tive viral antigen binding and recognition by cyto-
toxic lymphocytes, and those who lack this capability
have persistent infection.

Immunomodulators that may be used in the
treatment of chronic HBV infection are listed in
Table 1. In general, nonspecific immunomodulation
has been largely ineffective in clearing HBV infec-
tion. Although treatment with thymosin for 6 or 12
months has been associated with a greater HBV
DNA and HBeAg response in some trials (79-81),
these results have not been confirmed by other
studies (82-84). Mutations of HBV have also been
reported after thymosin treatment (85). In the past
few years, several HBV-specific immunomodulator
therapies have shown initial promise (86-92).
Large-scale randomized, controlled studies in hu-
mans are awaited.

Combination Therapy

All of the treatments available for HBV infection
are less than perfect. Interferon continues to have a
place in the treatment of a select group of patients
because it can bring about permanent seroconver-
sion, a desirable goal, in a limited treatment period.
Lamivudine yields a seroconversion response in
nearly one third of patients after 1 year, but its
efficacy is limited by the development of resistance.
Monotherapy with nucleoside analogues is insuffi-
cient for viral eradication in most patients. Experi-
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ence with HIV has taught us that combination ther-
apy yields better responses. A possible future
regimen for chronic HBV infection might involve
one or more antiviral agents to decrease viral load,
immunomodulator therapy to eliminate residual in-
tracellular virus, and therapeutic immunization to
induce loss of the carrier state.

To date, combination therapy has not been ef-
fective. A multicenter trial of lamivudine and inter-
feron (42) conducted in the United States, Canada,
and Europe did not show benefit of combination
therapy in patients who had previously not re-
sponded to interferon alone. A similar trial (93)
involving treatment-naive patients reported slightly
better HBeAg responses in the combination group.
The limited success of these two studies does not
necessarily preclude investigating other approaches
to combination treatment. Several other regimens
(94-97), including combination of two or more nu-
cleoside analogues or a nucleoside analogue plus
immunomodulator therapy, are being considered.

Cost-Effective Therapy

Antiviral therapy for chronic HBV infection is
fairly expensive. In 1999, average wholesale prices
were approximately $5600 for a 16-week course of
interferon and approximately $1600 for lamivudine
(100 mg/d for 1 year) (98, 99). However, it has been
shown that therapy is more cost-effective than treat-
ment of symptoms (100).

Conclusions

Treatment of chronic HBV infection is a rapidly
evolving field. Interferons have been somewhat dis-
placed by the more potent and easier-to-use nucle-
oside analogues. Interferons may be used in a se-
lected group of patients who have a reasonable
likelihood of responding (Figure 4), such as immu-
nocompetent, noncirrhotic patients with elevated
aminotransferase levels and HBeAg-positive wild-
type virus who acquired the infection by horizontal
rather than perinatal transmission. Interferon ther-
apy is short-term and does not rule out later use of
lamivudine if seroconversion does not occur. Fur-
thermore, patients who receive interferon do not
seem to develop YMDD mutations. A single daily
dose of lamivudine (100 mg) has been found to be
safe and efficacious in most patients with chronic
HBYV infection because it suppresses viral replica-
tion with limited associated seroconversion of
HBeAg to anti-HBe and improves histologic char-
acteristics in all patients. Unlike interferon, lamivu-
dine can be used for all patients with HBV infection
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HBV DNA® HBV DNA®
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Evaluate further
ALT level elevated > 200 U/L

No need for therapy

DNA level < 200 pg/mL
No Yes
Lamivudine Interferon-o

ly 16 wk
Assess for HBeAg seroconversion

AW

No Yes No
Continue Stop therapy Consider
therapy, and lamivudine
possibly observe
indefinitely

Figure 4. Proposed algorithm for treatment of chronic hepatitis B
virus (HBV) infection. ALT = alanine aminotransferase; HBeAg = hepatitis
B e antigen; HBsAg = hepatitis B surface antigen.

who have active viral replication, although those
with the highest ALT levels are most likely to se-
roconvert. Other nucleoside analogues are also be-
ing investigated for the treatment of chronic HBV
infection. The drawback to nucleoside analogue
monotherapy is the development of mutated HBV
strains that are resistant to these drugs. Combina-
tions of multiple nucleoside analogues or different
types of agents may lead to better responses and
delayed development of resistance.
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