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REVIEW

Mutations in the hepatitis B virus polymerase gene associated
with antiviral treatment for hepatitis B

M. Hussain and A. S. F. Lok bivision of Gastroenterology, University of Michigan and Veterans Administration Medical Centers, Ann

Arbor, Michigan, USA

SUMMARY. Significant advances have been made, during
the last 5 years, in the treatment of chronic hepatitis B.
Several new antiviral agents: lamivudine, famciclovir,
lobucavir and adefovir, have been shown to be safe and
effective in inhibiting hepatitis B virus (HBV) replica-
tion. These compounds can be administered orally
and are well tolerated. However, virus clearance is
uncommon after short courses (< 6 months) of ther-
apy. Lamivudine and famciclovir have been evaluated
in Phase III clinical trials in patients with chronic

hepatitis B as well as in liver transplant recipients.
Unfortunately, drug-resistant mutants involving the
HBV polymerase gene, leading to breakthrough infec-
tion, have been reported in some patients who have
received long courses (= 12 months) of treatment. The
incidence, clinical outcome and biological significance
of these mutants will be reviewed.

Keywords: adefovir, chronic hepatitis B, famciclovir,
hepatitis B virus DNA, lamivudine.

INTRODUCTION

The main aim of treatment for chronic hepatitis B is to
suppress hepatitis B virus (HBV) replication before
there is irreversible liver damage. Currently, interferon-
a (IFN-a) is the only approved treatment for chronic
hepatitis B. However, it has limited efficacy, is expensive
and is associated with many unpleasant side-effects. In
the last 5 years, several new antiviral agents have
shown promise in the treatment of chronic hepatitis B,
but long-term treatment is needed for sustained antivi-
ral effects. Unfortunately, drug-resistant mutants have
been found in some patients who have been on treat-
ment for long durations (> 6 months). The incidence,
clinical outcome and biological significance of these
mutants will be reviewed.

INTERFERON

A 3—-6 month course of IFN therapy induces a response:
clearance of hepatitis B e antigen (HBeAg) and serum

Abbreviations: ALT, alanine aminotransferase; HBeAg, hepatitis B e
antigen; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus;
PCV-TP, penciclovir triphosphate.
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HBV DNA, normalization of aminotransferase (ALT)
levels and reduction of necroinflammatory activity in
the liver in =30-40% of patients [1]. Long-term follow-
up of responders showed that the antiviral response was
sustained in most patients (> 80%), and clearance of
hepatitis B surface antigen (HBsAg) was observed in
7-65% of the responders [2,3]. Several factors have
been found to be associated with a favourable response
to IFN therapy, the two most important being high ALT
and low serum HBV DNA levels prior to treatment [3,4].
These two factors reflect endogenous immune clearance
of infected hepatocytes. This explains why patients with
perinatally acquired HBV infection, who are in the
immune tolerant phase, have a very poor response to
IFN therapy. A flare in ALT levels during IFN treatment
has been reported to be associated with a favourable
response to IFN therapy. These flares are thought to be
related to IFN-induced immune lysis of infected hepato-
cytes. The importance of immune clearance — endoge-
nous and IFN induced — in successful antiviral response
to IFN therapy may be related to its role in the elimina-
tion of covalently-closed-circular (ccc) DNA (vide infra).

ANTIVIRAL THERAPY AND THE ROLE OF CCC
DNA IN PERSISTENT HBV INFECTION

In the last 5 years, many new antiviral agents have
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become available. Some of these antiviral agents have
shown promise in clinical trials and may play a key role
in the treatment of chronic hepatitis B [5]. The antivi-
ral agents that have been extensively evaluated include:
lamivudine, famciclovir, lobucavir and adefovir. They
inhibit HBV replication by blocking reverse transcrip-
tion of the (-) strand HBV DNA or synthesis of the (+)
strand HBV DNA. Although these compounds induce a
more rapid and marked decrease of serum HBV DNA
levels than IFN, the rate of sustained antiviral response
and HBeAg clearance after short courses (3—6 months)
of therapy is very low. This may be related to the persis-
tence of ccc DNA in hepatocyte nuclei. The ccc DNA
serves as a template for transcription of pregenomic
RNA and viral mRNA (Fig. 1) [6]. There are two sources
of ccc DNA: entry of new virus particles into the hepa-
tocyte; and translocation of newly synthesized HBV
DNA from the hepatocyte cytoplasm via an intracellu-
lar conversion pathway [7]. Most antiviral agents that
have been examined thus far have little or no effect on
ccc DNA. This accounts for the rapid reappearance of
serum HBV DNA after cessation of antiviral therapy. In
theory, virus clearance can be achieved by long courses

of potent antiviral agents, which completely inhibit
synthesis of new HBV DNA and replenishment of ccc
DNA, as long as the duration of treatment outlasts the
existing pool of ccc DNA. However, the half-life of ccc
DNA is very long and loss of ccc DNA appears to be
dependent on loss of hepatocytes [8]. Based on viral
kinetic studies in patients receiving lamivudine treat-
ment, the half-life of infected hepatocytes has been esti-
mated to be 10-100 days in one study [9] and more
than 100 days in another study [10]. In patients with
an infected hepatocyte half-life of 100 days, 1 year of
treatment could reduce the number of infected cells to
= 8% of its initial value. Thus, virus clearance will
require continuous treatment with a potent antiviral
agent for longer than 1 year. The duration of treat-
ment that is needed to deplete the existing pool of ccc
DNA will be longer in patients with less active liver dis-
ease. Although prolonged or indefinite treatment may
eventually lead to virus clearance, long-term treat-
ment with antiviral agents has been shown to induce
drug-resistant viral mutants. Thus, virus clearance
will not be achievable in all patients, even with lifelong
treatment.
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Fig. 1 Replication cycle of hepatitis B virus (HBV).
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HBV POLYMERASE

The HBV polymerase is a multifunctional protein with
several distinct domains, including an N-terminal
primer (for priming of reverse transcription), a spacer
of indeterminate function, signals for viral pregenome
encapsidation, RNA-dependent DNA synthesis, DNA-
dependent DNA synthesis, and RNase H activity
(Fig. 2). Sequence alignment showed that the HBV
polymerase shares homology with viral reverse tran-
scriptases. The reverse transcriptase/DNA polymerase
region can be divided into five domains: A, B, C, D and
E (Fig. 2) [11]. Using sequence comparison and a
knowledge of the crystal structure of the human
immunodeficiency virus (HIV) reverse transcriptase, it
is assumed that domains A, C and D of HBV poly-
merase are involved in nucleoside triphosphate bind-
ing and catalysis, while domains B and E may
participate in the positioning of the RNA template and
the primer, relative to the catalytic site [12—14]. The
putative catalytic domain is believed to reside in the
YMDD locus in domain C. This locus is conserved in all
viral reverse transcriptases as well as in all isolates of
hepadnaviruses [11]. Mutations involving substitu-
tion of methionine for valine or isoleucine (M—V/I)
have been reported in patients receiving lamivudine
treatment for HIV or HBV infection. These mutations
have been shown to decrease the sensitivity of HIV and
HBV to lamivudine in in vitro studies and to result in
breakthrough infection in clinical studies. Drug-resis-
tant mutations have been found in association with
every drug that has been used in the treatment of HIV
infection. There are many similarities, as well as dif-
ferences, between drug-resistant HIV and HBV
mutants.
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Fig. 2 Functional domains of the hepatitis B virus (HBV)
polymerase. The reverse transcriptase/DNA polymerase
domain has five conserved regions: A, B, C, D and E. TP,
terminal protein; RT, reverse transcriptase.
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DRUG-RESISTANT HIV VARIANTS

Drug-resistant HIV mutants are a major impediment
to successful elimination of HIV [15]. Mutants tend
to emerge early, within 3 months of onset of treat-
ment, and are detected in the majority of treated
patients. The high incidence of drug-resistant HIV
mutants is related to the high rate of HIV replication
and the infidelity of the HIV reverse transcriptase. In
some instances, drug resistance is the result of a sin-
gle amino acid substitution, but many HIV drugs
induce a series of mutations with increasing resis-
tance. Resistance to lamivudine is secondary to a sin-
gle mutation involving the YMDD locus [16]. The
initial mutation is usually a methionine to isoleucine
substitution. The M184I mutation is subsequently
replaced by a methionine to valine (M184V) substi-
tution. Using a limiting dilution approach, it was
shown that the initial appearance of M184I is caused
by mutational bias of the HIV reverse transcriptase
[17]. In vitro studies, using an infected T-cell line,
demonstrated that both M1841 and M184V HIV vari-
ants have reduced replication fitness compared to the
wild-type virus owing to a processivity defect of the
reverse transcriptase enzyme, with the M1841I vari-
ant being least fit and thus accounting for the subse-
quent outgrowth of the M184V variant [18].
High-level zidovudine resistance, however, requires
multiple stepwise mutations, leading to a progressive
decrease in response [19]. Mutations that are resis-
tant to one drug may be cross-resistant to other
drugs. As an example, the M184V mutation confers
cross-resistance to lamivudine, (—)FTC, didanosine
and zalcitabine [20]. Resistant mutants are rapidly
selected when patients, who have prior exposure to
one of these drugs, are treated with other drugs that
are cross-resistant. However, resistance to one drug
may also restore sensitivity to another drug. Thus,
resistance to lamivudine caused by the M184V
mutation has been shown to restore susceptibility to
zidovudine in patients with pre-existing phenotypic
zidovudine resistance [21]. The current approach to
HIV treatment is combination therapy using drugs
with additive/synergistic antiviral effects and differ-
ent resistance profiles, in the hope of preventing or
delaying resistance, and to switch to a different com-
bination of drugs when resistance develops.

Another alternative is to search for new drugs that
have a low rate of resistance. One of these is adefovir
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dipivoxil. In vitro studies found that exposure of HIV-
infected cells to adefovir can select out two types of
mutants: K65R and K70E. However, the K65R muta-
tion has not been observed in vivo and the K70E muta-
tion was detected in only two (1.2%) of 171 patients
who had received adefovir for 6-12 months [22]. In
addition, preliminary data suggest that adefovir may be
used as a ‘rescue’ therapy in patients with lamivudine-
resistant HIV mutants (M1841 and M184V).

LAMIVUDINE
Mechanisms of action

Lamivudine (3TC) is the (—) enantiomer of 2'-deoxy-3'-
thiacytidine. It contains a sulphur atom in the 3' por-
tion of the sugar ring. It is phosphorylated to the
triphosphate (3TC-TP), which competes with dCTP for
incorporation into growing DNA chains, causing chain
termination [23]. This may occur during reverse tran-
scription of the first strand as well as during synthesis
of the second-strand HBV DNA, resulting in decreased
synthesis of HBV DNA, export of new virions and intra-
cellular replenishment of ccc DNA.

Clinical efficacy

Clinical trials have shown that short courses (4—24-
weeks) of orally administered lamivudine were well tol-
erated and produced a rapid and marked (>90%)
decrease in serum HBV DNA levels in patients with
chronic hepatitis B. However, serum HBV DNA levels
promptly reappeared after cessation of therapy, and
very few (0—12%) patients cleared HBeAg [24—-26].

Several long-term clinical trials have been con-
ducted. Preliminary results suggest that higher rates of
sustained response (15-20% HBeAg seroconversion)
can be achieved with longer duration (1 year) of treat-
ment. In one study, 358 Chinese patients with chronic
hepatitis B were randomized to receive lamivudine,
100 mg or 25 mg daily, or placebo. The respective
responses at the end of 1 year in the three groups were:
HBeAg seroconversion in 16%, 13% and 4%; and
improvement in histological necroinflammatory score
by =2 in 56%, 49% and 25% [27]. Genotypic muta-
tions in the YMDD locus were found in 4% and 14% (a
mixture of wild-type and mutant HBV in 9% and
mutant HBV alone in 5%) of the treated patients at
weeks 36 and 52, respectively.

The lack of myelotoxicity and the infrequent occur-
rence of serum ALT flares during lamivudine treat-
ment led to clinical trials in patients with
decompensated cirrhosis or recurrent hepatitis B after
liver transplantation, conditions in which IFN is inef-
fective and potentially hazardous. Preliminary results
suggest that lamivudine is safe and effective in inhibit-
ing HBV replication and in improving liver disease in
these patients. Two studies reported that lamivudine,
initiated prior to liver transplantation and continuing
post-transplant in the absence of hepatitis B immune
globulin (HBIg), was effective in preventing HBV rein-
fection post-transplant [28,29]. In one study, lamivu-
dine monotherapy prevented HBV reinfection in 80%
of patients transplanted for hepatitis B but five (three
pre- and two post-transplant) patients developed
breakthrough infection owing to lamivudine-resistant
mutants. Lamivudine is also used in the treatment of
recurrent hepatitis B post-transplant. In one North
American study, 63 patients received lamivudine for
recurrent hepatitis B postliver transplant [30]. Serum
HBV DNA was detectable by hybridization assay in
87% of patients prior to treatment but in only 4% and
25% of patients after 24 and 52 weeks of treatment,
respectively. Breakthrough infection, secondary to
development of lamivudine-resistant mutants, devel-
oped in 14 (27%) patients who received at least
6 months of treatment.

Lamivudine-resistant mutants

Lamivudine-resistant mutants leading to break-
through infection (persistent reappearance of HBV
DNA in serum that is preceded by at least two consecu-
tive negative serum HBV DNA test results using non-
polymerase chain reaction (PCR)-based assays) have
been detected in =15-25% of immunocompetent
patients with chronic hepatitis B and in =25% of
transplant recipients, after 1 year of lamivudine ther-
apy [27,30,31]. One study found that lamivudine-
resistant mutants could also be found in some patients
with incomplete response [32]. Lamivudine-resistant
mutants have not been detected in untreated patients
or in patients who have received short courses
(< 6 months) of therapy [27,32]. Most studies reported
that resistant mutants were first detected after
8—9 months of treatment and may precede phenotypic
resistance by 1-4 months [27,33]. The incidence of
resistant mutations increases with the duration of
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treatment. Preliminary data in an Asian study found
that the rate of genotypic resistance increased from
14% after 1 year to 38% after 2 years of lamivudine
(100 mg daily) while the rate of HBeAg seroconversion
increased from 16 to 27% only [34]. Thus, the benefit
vs risk of indefinite treatment must be carefully
weighed.

A variety of HBV P-gene mutations have been
described in patients on lamivudine therapy (Table 1)
(Fig. 3) [27,28,32,33,35-45]. So far, only three muta-
tions have been clearly shown to confer resistance to
lamivudine treatment [35,38,46]. These include
methionine to valine or isoleucine (M552V or M552I)
substitutions involving the YMDD locus in domain C
and leucine to methionine substitution at codon 528
(L528M) in domain B. The L528M mutation has not
been observed in lamivudine-resistant HIV mutants
because there is no equivalent site in the HIV reverse
transcriptase. The L528M mutation is almost always
found in association with the M552V mutation but
rare cases of association with M552I have been
reported [41, personal observations]. Isolated occur-
rence of L528M has not been observed. Both mutations
involving the YMDD locus result in amino acid substi-
tutions (codons 195 and 196) in the overlapping HBV
S-gene. Because these residues are located outside the
‘a’ determinant of the surface protein, it is unlikely that
these changes would affect the immune response to
HBsAg. The L528M mutation has no effect on the
amino acid sequence of the S-gene. Another mutation,
V521L, involving domain B, has been reported in a few
patients with lamivudine resistance [35,37,38].
Because V5211 was always present in association with
L528M and M552V, the effect of the isolated V521L
mutation on lamivudine sensitivity is not clear. The
V521L mutation results in an amino acid substitution
at codon 164 of the overlapping S-gene. It is possible
that the V521L mutation may have an impact on the
humoral response to HBsAg as it is located very close to
the ‘a’ determinant and the residues that define the w/r
subtype of HBSAg.

In vitro studies using a transient transfection cell cul-
ture assay demonstrated that each of the three com-
mon lamivudine-resistant mutations significantly
decreased the sensitivity of HBV to lamivudine treat-
ment. Mutants with M552I, L528M + M552V or
L528M + M552I increased the ICs5, by > 10 000-fold,
while mutants with M552V or L528M induced less
resistance, with an increase in ICs, of 153- and 18-
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fold, respectively [35]. Because M5521 and
L528M + M552V mutants are the most common
mutants found in patients with breakthrough infec-
tion, clinical response cannot be restored with dose
escalation. The mechanism by which these mutations
confer resistance to lamivudine is not clear. Allen et al.
constructed a three-dimensional homology model of
the HBV reverse transcriptase (RT) based on the HIV RT
crystal structure [14,35,47]. This model has thumb,
palm and finger domains. Lamivudine binds at a pocket
in the surface of the enzyme (palm region) formed, in
part, by residue 552. As the side-chain gets smaller
(M=V/1), the size of the binding pocket increases and
the affinity of lamivudine for the pocket decreases,
leading to loss of efficacy. 1.528 is spatially very close to
M552, thus mutation involving 1.528 may affect the
pocket that binds lamivudine.

Currently, it is not clear which of the two YMDD
mutations is more common and why some patients
develop M552V while others develop M552I. One
study reported that 18 (90%) of 20 patients with
breakthrough infection whilst on lamivudine had
L528M + M552V, suggesting that the M552V mutant
is predominant [35]. However, other studies reported
that M5521 was more common [32,33]. Further stud-
ies involving consecutive patients in clinical trials are
needed to resolve the issue of relative preponderance of
the two YMDD mutations. Unlike patients with HIV
infection, a switch from M5521 to M552V has not been
reported.

Emergence of lamivudine-resistant mutants is usu-
ally accompanied by the reappearance of serum HBV
DNA after its initial clearance. However, the clinical
manifestations are variable. In most patients, serum
HBV DNA and ALT levels remain lower than pretreat-
ment values, suggesting that the mutants may have lit-
tle clinical consequence [27]. However, flares in
hepatitis and hepatic decompensation have been
reported in a small percentage of patients who have
breakthrough infection [39,48]. The incidence of sig-
nificant flares, and risk factors for their occurrence in
patients with breakthrough infection, are unknown. It
is also not clear if patients who have asymptomatic,
mildly elevated ALT levels after breakthrough infection
will remain clinically stable during long-term follow-
up. Thus, the benefits of treatment must be weighed
against the risks of developing drug-resistant mutants
and the uncertain long-term outcome of patients with
breakthrough infection.
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Fig. 3 Frequency and location of hepatitis B virus (HBV) P-gene mutations in patients who received famciclovir or lamivudine

therapy.

The low serum HBV DNA levels in the majority of
patients with breakthrough infection is probably
related to the decreased replication capacity of the
mutants compared to wild-type virus. In vitro studies
using transiently transfected cell cultures demon-
strated that the mutants M552I, M552V, and the
combination of either of these mutants with L528M,
have significantly decreased replication capacity
whilst the L528 M mutation alone has no impact on
HBV replication [49]. Another mutation, F514L,
involving domain B, was found to have the greatest
impact on HBV replication but this mutation has only
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been reported in one patient so far [36], thus its clini-
cal significance is unknown. None of these muta-
tions, except for F514L, affect HBV RNA transcription
or HBsAg secretion. The diminished replication
capacity of the mutants accounts for the rapid out-
growth of the wild-type virus upon cessation of treat-
ment [33]. Flares in hepatitis owing to the
re-emergence of wild-type virus have been reported in
patients after withdrawal of lamivudine therapy.
Thus, current recommendations are to maintain
patients with breakthrough infection on lamivudine
treatment to suppress residual wild-type virus.
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FAMCICLOVIR
Mechanisms of action

Famciclovir is the oral prodrug of penciclovir, an
acyclic deoxyguanosine analogue. Penciclovir is phos-
phorylated to its triphosphate (PCV-TP), which com-
petes with dGTP for incorporation into the nascent
HBV DNA chains. Incorporation of PCV-TP into
nascent HBV DNA may lead to premature chain termi-
nation or destabilization of the HBV DNA chains [50].
In addition, PCV-TP may compete with dGTP for the
priming of reverse transcription (synthesis of the first
HBV DNA strand) [51].

Clinical efficacy

Pilot studies and preliminary reports of ongoing clini-
cal studies found that famciclovir is well tolerated and
can inhibit HBV replication [52,53]. Available data
suggest that famciclovir induces a slower and less
marked decrease in serum HBV DNA levels compared
with lamivudine, but data on the rate of HBeAg sero-
conversion and the effect on liver histology in patients
who have received 1 year of famciclovir treatment are
not yet available. Famciclovir has also been shown to be
effective in reducing HBV replication and in improving
liver disease in patients with decompensated cirrhosis
or recurrent hepatitis B after liver transplantation, but
data are limited and the rate of sustained response is
not known [54,55].

Famciclovir-resistant mutants

Drug-resistant mutants have also been reported in
patients who have been on long-term famciclovir treat-
ment (Table 2) (Fig. 3) [37,40,56,57]. Reports on fam-
ciclovir-resistant mutants have been scanty. It is not

clear if the scarcity of reports is related to a lower inci-
dence of famciclovir-resistant mutation, a smaller
number of patients who have received famciclovir for
long durations (> 12 months), or under-reporting.
Thus, the exact incidence, location and clinical signifi-
cance of famciclovir-resistant mutants have not been
defined. Preliminary data suggest that the YMDD locus
is not involved. Most famciclovir-associated mutations
are found in domain B of the HBV P-gene. The most
common mutation is L528M, which is also found in
patients with lamivudine resistance. In some patients,
the L528M mutation is present in association with
mutations in other regions of the HBV P-gene but no
consistent pattern can be discerned. Not all famci-
clovir-associated mutations have been clearly linked to
drug resistance because some of the mutations were
found in non-responders. The two most common fam-
ciclovir-associated mutations, L528M and V521L,
have been demonstrated to induce famciclovir resis-
tance. The L528M mutation, with or without the
V521L mutation, was found in patients with break-
through infection. In addition, serum samples with
both mutants were found to be resistant to PCV-TP in
an endogenous polymerase assay [56]. As in patients
with lamivudine resistance, the V521L mutation
always occurred in association with L528M. The effect
of the isolated V52 1L mutation on famciclovir sensitiv-
ity is therefore unclear. Another mutation, V555I,
involving domain C, has been detected in a patient who
had breakthrough infection whilst on famciclovir treat-
ment [57]. The V5511 mutation causes premature ter-
mination of the overlapping envelope protein. The
detrimental effect on the envelope protein may explain
why this mutant has only been reported in one patient.

The finding of L528M + V521L mutations in
patients with lamivudine, as well as famciclovir resis-
tance, suggests that patients who develop these

Table 2 Clinical data and frequency of HBV P gene mutations in patients undergoing famciclovir therapy

Number of Timing of
Number of Liver Duration of Rx patients with breakthrough
Reference patients disease (weeks) breakthrough (weeks) P gene mutations
56 1 OLT 52 1 NA V521L, P525L, L528M
57 15 CHB 16 4 V5551 (1)
60 5 NA 3 24-72 B domain
2 Non-responders Upstream of B domain
37 8 OLT 41-113 8 See Fig. 3
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mutations whilst receiving famciclovir will also be
resistant to lamivudine, and vice versa. Preliminary
data showed that patients who developed break-
through infection during famciclovir therapy
because of the L528M mutation initially responded
when switched to lamivudine treatment but break-
through infection occurred within 6 months of
lamivudine therapy owing to rapid selection of the
M552V mutation [37].

OTHER NEW ANTIVIRAL AGENTS

Several other new antiviral agents have been shown
to be effective in inhibiting HBV replication in in vitro
as well as in Phase I and II clinical studies. These
include lobucavir, BMS-200475, FTC, L-FMAU and
adefovir. Of these, lobucavir and adefovir have been
the most thoroughly studied. Lobucavir is a guanine
nucleoside analogue synthesized from 2'-deoxy-
guanosine, with replacement of the sugar by a
cyclobutyl ring. Lobucavir triphosphate is a potent
inhibitor of the HBV DNA polymerase. It acts mainly
as a chain terminator. Adefovir dipivoxil is an oral
prodrug of adefovir (PMEA), a phosphonate nucleo-
tide analogue of adenosine monophosphate. Adefovir
is phosphorylated to the diphosphate, which com-
petes with dATP for incorporation into growing DNA
chains, causing chain termination. Phase II clinical
trials involving a 3-month course of treatment
showed that both lobucavir and adefovir dipivoxil
were well tolerated. Serum HBV DNA levels decreased
by 3-4 logs, and a small (10-20%) percentage of
patients developed HBeAg seroconversion [58,59]. So
far, resistant HBV mutants have not been reported in
association with any of these new antiviral agents
because of the short duration of treatment. Whether
these new drugs can induce resistant mutants, the
frequency with which they will occur, and the clinical
significance of these mutants, will be determined in
Phase III clinical trials when treatment will be admin-
istered for a minimum of 1 year.

PREVENTION OR TREATMENT OF DRUG-
RESISTANT HBV P-GENE MUTANTS

Ideally, it is preferable to prevent drug-resistant mutants
because of the potential adverse clinical outcome in
patients who develop breakthrough infection and the
lack of ‘rescue’ therapy of proven efficacy. The approach
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in the treatment of HIV infection is to use a combination
of antiviral agents that have additive or synergistic
antiviral effects and different resistance profiles. This
approach has the potential advantage that early, aggres-
sive treatment may have a better chance of inducing
virus clearance and preventing resistant mutations and
the disadvantages of added costs and toxicity. Initiation
of treatment using a combination of antiviral agents has
not been explored in the treatment of chronic HBV infec-
tion because of the limited number of drugs available
and the lack of data on the long-term safety, efficacy and
resistance profile of each drug. Some investigators have
argued that this approach may not be necessary given
the slow and infrequent emergence of drug-resistant
mutants in patients with HBV infection (compared with
HIV infection) and the ‘benign’ outcome of patients with
breakthrough infection. A more logical approach in the
treatment of HBV infection may be monotherapy, ini-
tially, followed by a switch to alternative antiviral agents
or to add on other antiviral agents in patients with break-
through infection. However, sequential therapy is feasi-
ble only if alternative agents that are not cross-resistant
or are effective as ‘rescue’ therapy are available. Among
the new antiviral agents that have proven efficacy in
Phase IT or III clinical trials for chronic hepatitis B, fam-
ciclovir and lamivudine have been shown to have addi-
tive or synergistic antiviral effects in in vitro studies [60]
but both drugs share overlapping resistance profiles.
Pilot studies found that lamivudine cannot be used as
‘rescue’ therapy for patients with famciclovir resistance
and vice versa [37,61]. Whether combination of the
two drugs ab initio can have an additive or synergistic
antiviral effect or the ability to delay the emergence of
resistant mutants in vivo remains to be determined. In
vitro studies found that the inhibition constants of ade-
fovir for lamivudine-resistant HBV mutant vs wild-type
HBV DNA polymerases were increased by twofold only
while the inhibition constants of lamivudine were
increased by 2—25-fold [62]. Whether adefovir is effec-
tive as a ‘rescue’ therapy in patients with break-
through infection caused by lamivudine-resistant HBV
mutants remains to be proven.
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