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ABSTRACT

Emerging new medications in the treatment of HBV produces hope and promises for curing of HBV. Over
the past decade, the development of oral nucleoside/nucleotide analogs (NAs) with favorable potencies and
tolerabilities has led to substantial advances in chronic hepatitis B (CHB) therapy. The oral anti-HBV agents
currently approved are lamivudine, adefovir dipivoxil , entecavir , telbivudine, clevudine, and tenofovir.
Treatment algorithms have been developed to assist in identification of suitable candidates for treatment and
to determine and initiate appropriate treatment. In this review the problem of drug resistance in the course of
chronic hepatitis B treatment are discussed in detail from both aspects of clinical and genetics.
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INTRODUCTION

Since discovery of HBsAg (Australia Antigen)
in 1963 By Dr. B. S. Blumberg much progress
has been achieved so far, beside of virology
standpoints such as HBVDNA viral load,
genotyping and mutations, each of them has
definite role as risk factors in pathogenesis for
developing chronic hepatitis, liver cirrhosis and
hepatocellular carcinoma (HCC). Emerging new
medications in the treatment of HBV, many hope
and promises for curing of HBV and related liver
disease attract attention. Two billion people
worldwide have evidence of hepatitis B virus
exposure, and an estimated 400 million are
actively infected (1). Worldwide, the prevalence
of hepatitis B virus varies greatly. In
hyperendemic areas, such as China, Southeast
Asia, Western Pacific, and sub-Saharan Africa, the
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carrier rate exceeds 8% and transmission occurs
mainly from mother to infant during parturition, as
well as by horizontal transmission among children
less than 5 years of age, and to a lesser extent
between sexually active adults. In North America
and Europe less than 1% are chronically infected,
the result of injection drug wuse, sexual
transmission, nosocomial infection, or emigration
from endemic areas. In 30%, no clear mode of
transmission is found (1).

At the beginning Interferon (INF) was used as
a first line therapy for many years, but later on
standard interferon alfa-2a has largely been
replaced by peginterferon alfa-2a in routine
practice. Over the past decade, the development of
oral nucleoside/nucleotide analogs (NAs) with
favorable potencies and tolerabilities has led to
substantial advances in chronic hepatitis B (CHB)
therapy. The oral anti-HBV agents currently
approved are lamivudine (LAM), adefovir
dipivoxil (ADV), entecavir (ETV), telbivudine,
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clevudine, and tenofovir (2). These NAs
necessitate long, and in many cases, indefinite
treatment to achieve sustained viral suppression.
Unfortunately, because the duration of NA
treatment is prolonged, the risk of development of
drug resistance increases.

The goal of therapy for hepatitis B is to
eliminate or significantly inhibit the replication of
HBYV and prevent the progression of liver disease
toward cirrhosis, liver failure, HCC, eventually
leading to transplant or death. Therefore, primary
aim of treatment is to reduce HBVDNA by
suppression of viral replication, which results in
histological improvement and alanine
aminotransferase (ALT) normalization and finally
seroconversion of HBeAg and HBsAg, the highly
desirable goal of antiviral therapy. Beside that,
host factors has also definite role in developing
liver disease and its complications. Although the
national strategy with massive vaccination to
prevent and eliminate transmission in the
community has great impact on community
acquired HBV. Due to high prevalence of HBV in
many developing countries, including Iran,
chronic HBV infection is considered a health
problem influencing health economy in these
countries. Even following Hepatitis B mass
vaccination in the HBsAg positivity rate was 1.7%
in first survey (95% CI: 1.6%-1.8%), and 17%
(95% CI: 1.6%-1.9%) in the second (3).

Definition of HBV resistance to
antiviral drugs

The selection of antiviral-resistant mutations is
a major concern with long-term NA treatment.
The rate of resistance depends on a number of
factors, including pretreatment HBV DNA levels,
potency and rapidity of HBV DNA suppression,
prior exposure to oral antiviral nucleosides or
nucleotide therapy, duration of treatment, and the
degree of genetic barriers to resistance to the
individual drug. The development of antiviral

resistance is associated with loss of initial
response and rebound of HBV DNA, which is
followed by biochemical breakthrough and
reversion of histological improvement, in some
patients, resistance leads to sever exacerbation and
progression of liver disease. There are several
major risk factors for the development of
resistance to NA, especially to LMV. These
include a high level of HBV DNA, high serum
levels of ALT, and high body mass index (4, 5).
Prior therapy with NA, as well as inadequate viral
suppression during therapy, has also been shown
to induce drug resistance (4, 6). Transmission of
drug-resistant mutants in newly infected patients is
also likely to predispose to more rapid resistance
once treatment is initiated, as it was shown for
HIV infection. The long-term rates of resistance
are highest for lamivudine (65-70% at 4-5 years)
(7), intermediate for telbivudine (25% in HBeAg-
positive patients and 11% in HBeAg-negative
patients at 2 years) (7), lower for adefovir (29% at
5 years) (8), and lowest for entecavir in the
absence of prior lamivudine resistance (1.2% at 5
years), and for tenofovir in treatment-naive
patients (0% at 1 year) (9). Patients with
lamivudine resistance have a 51% rate of novel
mutations after 5 years of entecavir therapy. Thus,
when possible, it is beneficial to use the most
potent NAs that possess the lowest risk of
genotypic resistance as initial therapy for patients
with nucleoside-naive (7).

Mechanisms of selection and
emergence of HBV drug-resistant

The main factors involved in the selection of
escape mutants are: (i) the long half-life of
hepatocytes and viral cccDNA; (ii)) the HBV
genome variability leading to a complex viral
quasispecies and mutant archiving in cccDNA.
The composition of the viral quasispecies evolves
over time depending on the selective pressure
including antiviral therapy and the host immune
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response. Escape mutants may then spread in the
liver and become the dominant species depending
on their fitness (ie, their capacity to replicate and
dominate wild-type strain in the presence of
antiviral pressure) and the replication space
available for their dissemination in the liver (10-
13).

Relationship exists between the level of viral
suppression with a drug and the probability of
resistance development. If viral load suppression
is low, the chance of resistance development is
also low; with complete viral load suppression, the
chance of resistance is low; but if we have
moderate viral suppression, the chance of
resistance is high. (14). And also the inverse
correlation between serum levels of HBV DNA
and CTL escape mutations of the core protein in
HBeAg seroconverted patients, supports the
notion that selection of CTL escape mutations
consolidates the persistence of HBV infection
despite reducing viral fitness (15).

However, compensatory mutations that can
restore replication fitness frequently emerge during
continued treatment leading to a progressive increase
in serum HBV DNA which may exceed pretreatment
levels. Thus, early detection and intervention can
prevent hepatitis flares and hepatic decompensation,
and this is particularly important in patients who are
immunosuppressed and those with underlying
cirrhosis. Another potential consequence of antiviral-
resistant mutations is cross-resistance with other
nucleotides. Serial changes in serum HBV DNA and
ALT levels are in association with emergence of
antiviral-resistant HBV mutants (16).

Detection and monitoring of
resistance

Two types of mutations have been associated
with treatment failure to NA: primary resistance
mutations which are directly responsible for drug
resistance, and secondary (compensatory)

mutations, which promote or enhance replication

competence. Compensatory mutations emerge the
reason is that the selection of resistance-associated
changes in the viral polymerase is usually
associated with some cost in replication fitness for
the virus (17).

Genotypic resistance

The first manifestation of antiviral resistance is
the detection of resistant mutation in HBV
genome, known to confer resistance that develops
during antiviral therapy. Antiviral-resistant
mutations can be detected at the same time or
prior to virology breakthrough (increase in serum
HBV DNA by >1 log above nadir), months and
sometimes years before biochemical breakthrough

(16).

Virologic breakthrough

Following the development of genotypic
resistance, the viral rebound during continued
treatment occurs after achieving virologic
response, and there will be an increase in serum
HBV DNA by >1 log (10-fold) above
pretreatment level reaching up to 20,000 IU/mL.
Resistant mutations may be detected with time,
serum HBV DNA levels continue to increase
(viral rebound) and ALT becomes abnormal
(biochemical breakthrough). Measurement of viral
load is important for monitoring and confirming
the presence of drug-resistant virus because nearly
all instances of resistance to NA are initially
identified by a sustained rise in viral load that
occurs despite continuing antiviral therapy (10).

Biochemical breakthrough

Virologic breakthrough is usually followed by
biochemical breakthrough, which is defined as
elevation in ALT during treatment in a patient
who had achieved initial response. In some
patients, emergence of antiviral resistance leads to
a marked increase in ALT (hepatitis flare) after
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Figure 1. Antiviral resistance mutations

achieving  normalization, continued

treatment (12).

during

Phenotypic resistance

It can be defined as decreased susceptibility (in
vitro testing) to inhibition by antiviral drugs
associated with genotypic resistance (13).

Cross-resistance

It means the presence of mutants selected by
one agent that also confer resistance to other
antiviral agents (10).

Clinical outcome of resistance

Resistant mutants have great impact on clinical

outcome of patients on antiviral therapy.

Consequence of drug-resistance is loss of clinical
benefits including reversion of virologic and
histologic improvement, increased rate of disease
progression, severe exacerbation in patients with
of HBeAg
seroconversion, and risk of graft loss and death in

liver cirrhosis, decreased rate
liver transplant patients, It also has potential
impacts on public health through transmission of
drug-resistance strains and vaccine failure due to

HBsAg mutations (18).

Location and terminology of

antiviral resistant mutation

The pattern of development of HBV resistant
mutants varies by chemical class of nucleoside
analogues which can be categorized as:
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1. L-nucleosides, such as lamivudine,
emtricitabine, telbuvidine and clevudine (19-21).

2. Acyclic phosphonates such as adefovir and
tenofovir.

3. Cyclopente(a)nes such as entecavir.

Nomenclature in discussing HBV resistance
uses an abbreviation for the gene region in lower
case (rt for reverse transcriptase, ¢ for HBcAg, s
for HBsAg) followed by the wild-type amino acid
symbol, its position in the gene region, and finally
the mutant or variant amino acid symbol (22).The
typical lamivudine resistant mutations involve the
conserved “YMDD” motif of the polymerase
gene, changing it to YVDD or YIDD, the
standardized nomenclature being rtM204V and
rtM2041. The rtM204V/l mutation is usually
accompanied by a compensatory mutation
upstream of the YMDD motif at rtL.180M and/or
rtV173L. The rtM204V/I mutations are considered
primary resistant mutations that lower the
susceptibility of HBV to lamivudine, while the
rtL180M and rtV173L mutations are considered
secondary or compensatory, allowing for the
resistant mutant to replicate at a higher rate.
Generally, development of the lamivudine
resistant HBV
L-nucleosides ineffective. However, rates of

effectively makes  other

development and proportions of various mutants
may vary with different L-nucleosides. Typical
antiviral resistance mutations are shown in figure
1 (21). These mutations that have been associated
with a decrease in activity of the antiviral agent
are found in domains A, B, C and D of the
polymerase (rt) gene at the amino acid positions
listed. A more thorough discussion of antiviral
resistance has been provided in recent reviews (21,
22). Adefovir and tenofovir have potent activity
against lamivudine-resistant strains in vitro and in
vivo (23, 24) whereas entecavir has reduced
efficacy against rtM204V/I mutants (25).The most
common resistant mutations associated with
adefovir therapy have been rtA181V/T and
rtN236T, but several other single or multiple

mutations have been described (26-28). Resistance
to entecavir has been encountered mainly in
patients with pre-existing lamivudine- resistance
and include multiple changes, typically rtI169T,
rtT184S/A/I/LG/C/M, 1tS202G/C/1, or rtM2501/V
and one or more lamivudine-resistant mutation
sites, typically rtL180M and rtM204V (25, 29).
Detection of resistant mutations usually requires
sequencing of the polymerase gene, but various
assays including reverse hybridization and
restriction fragment length polymorphism have
been developed that detect the more common
mutations (30).

In our study in Iran, 54 from 249 patients
(21.6%) had received lamivudine (100 mg/ day)
for more than 1 year. Thirty-one treated patients
(57%) had HBYV isolates with drug resistance
mutations in the HBV pol region. Twenty-eight of
31 isolates (90.32%) had lamivudine resistance
mutations, and three patients had isolates with
both lamivudine resistance and adefovir dipivoxile
resistance mutations (9.67%). Analysis of the RT
region of the pol gene revealed M2041 in 19
patients (61.29%), L180M + M2041 in six patients
(19.35%), L180OM + M204V in two patients
(6.45%) and V173L + L180M + M204V in one
patient (3.22%). The L180M + M204V + A181V
mutations and V173L + LI8OM + M2041 +
A181T mutations (lamivudine and adefovir
resistance) were observed in one and 2 patients,
respectively (31).

Polymerase  gene  mutations  conferring
resistance to nucleos(t)ide analogs are depicted.
Resistance to lamivudine (LMV) and telbivudine
(LdT) is conferred by mutations in the YMDD
motif within the C domain of the polymerase, ie,
rtM204V or rtM2041, often associated with
compensatory mutations in the B domain restoring
a higher replication capacity, ie, rtL180M and/or
rtV173L. Resistance to adefovir (ADV) is
conferred by a rtA181V or rtA181T substitution or
a rtN236T substitution. The rtA181V/T

substitution can also confer decreased
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susceptibility to LMV and LdT. Resistance to
entecavir (ETV) is conferred by a combination of
mutations in the B, C, or D domain of the viral
polymerase, in addition to a background of
substitutions at position rt204. Resistance to
tenofovir (TDF) may be conferred by amino acid
substitution at position rt194, which needs to be
confirmed.

Strategy and management of
drug-resistant HBV infection

At present time, seven therapeutic agents have
been approved for the treatment of adults with
chronic hepatitis B in the United States. Treatment
of chronic HBV can be initiated with any of these
7 approved antiviral medications, but in view of
the high rate of drug resistance during long-term
treatment, lamivudine and telbivudine are not
preferred except where only a short course of
treatment is planned. Since adefovir is less potent
than other NAs and is associated with increasing
rate of antiviral resistance after the first year of
therapy, it is best utilized as a second line drug in
the treatment-naive patients after peglFN,
tenofovir or entecavir. The first-line drugs
recommended for treatment of hepatitis B are
peglFN, entecavir or tenofovir. De novo
combination therapy seems to be a logical
approach but none of the combination regimens
tested to date is clearly superior and it remains to
be shown if a clinically significant decrease in the
rate of antiviral-resistance results from
combination therapy as compared to entecavir or
tenofovir monotherapy. Key issues in antiviral
therapy choice are efficacy, durability of response
and drug resistance.

One of the most important points is the
prevention of resistance following long-term
antiviral therapy. We need to avoid unnecessary
treatment and starting with a potent antiviral drug
that has low rate of resistance or with combination
therapy and in patients with primary non-response,

switching to alternative therapy. Patients who
develop breakthrough infection while receiving
NA therapy compliance should be ascertained, and
treatment resumed in patients who have had long
lapses in Medications. A confirmatory test for
antiviral-resistant mutation should be performed if
possible to differentiate primary non-response
from breakthrough infection and to determine if
there is evidence of multi-drug resistance (in
patients who have been exposed to more than one
NA treatment). Monitoring is very important and
all patients with virologic breakthrough should be
tested for serum HBVDNA viral load every 3-6
months during treatment and confirm antiviral
resistance with genotyping testing be considered
for rescue therapy. For patients in whom there is
no clear indication for hepatitis B treatment and
who has compensated liver disease, withdrawal of
therapy may be considered but these patients need
to be closely monitored and treatment reinitiated if
they experience severe hepatitis flares. Assays for
serum levels of HBV DNA and ALT should be
performed 3—6 months after beginning of therapy,
to check for efficacy and compliance; lack of
compliance is the most common cause of primary
treatment failure. Additional assays, performed at
6-month intervals during the first 2 years of
treatment, are recommended for patients with mild
liver disease. Patients should then be assessed for
viral load and ALT level every 3 months after 2
years of therapy: this is the time during which the
probability of developing resistance increases. The
consequences of resistance appear more rapidly
and can become life-threatening in patients with
advanced disease; these patients should be tested
for viral load and ALT level every 3 months. Once
the viral load increases to 1.0-log10 IU/ mL, HBV
Pol should be sequenced to identify resistance
mutations and determine the next therapeutic
approach, based on cross-resistance information.
There are 2 strategies for treating patients who
have a partial virologic response to LMV, ADV,
or LdT at week 24: change to a more potent drug
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(ETV or TDF) or add a more potent drug that does
not share cross-resistance. Tenofovir should not be
added to ADV therapy if the patient is infected
with an HBV mutant that is resistant to ADV (ie,
rtA181T/V, rtN236T) because these drugs belong
to the same chemical group of NA, the alkyl
phosphonates. In cases of resistance, an
appropriate rescue therapy should be initiated that
has the most effective antiviral effect and minimal
risk for selection of MDR strains. Therefore,
adding a second drug that is not in the same cross-
resistance group as the first is the recommended
strategy. Treatment adaptation should be
performed accordingly and is summarized as
follows:

e L MV resistance: add TDF (add ADV if TDF
not available);

e ADV resistance: it is recommended to switch
to TDF if available AND add a second drug
without  cross-resistance. If an  rtN236T
substitution is present, add LMV, ETV, or LdT or
switch to TDF plus emtricitabine. If an rtA181V/T
substitution is present, it is recommended to add
on ETV or to switch to TDF plus ETV or TDF
plus emtricitabine (as a single tablet: Truvada);

e LdT resistance: it is recommended to add
TDF (or ADV if TDF is not available);

e ETV resistance: it is recommended to add
TDF;

e TDF resistance: primary resistance to TDF
has not been confirmed so far.

It is recommended that genotyping and
phenotyping be done by a reference-type
laboratory to determine the cross-resistance
profile. Entecavir, LdT, LMV or emtricitabine
could be added but would depend on the profile
Note that the safety of some combinations in the
longer term is presently unknown and that add-on
therapy is not always successful in achieving
adequate viral inhibition (PCR undetectability)
(32, 33, 34).

Peginterferon

There are two forms of peginterferon alpha,
alpha-2a and alpha-2b by adding a polyethylene
glycol molecule to IFN alpha-2a and alpha-2b.
Peginterferon is different in pharmacologic actions
comparing to standard interferon and has longer
half life for once a week dosing, better
maintenance and effectiveness. Soon after several
randomized studies in CHB with peginterferon,
was found to have limitation in efficacy. Data
from long-term follow-up studies revealed that the
virology response to peginterferon was sustained
after therapy in patients with HBeAg-positive and
HBeAg-negative chronic hepatitis. Multiple
studies showed that peginterferon are superior to
lamivudine in efficacy with respect to HBeAg
seroconversion in HBeAg-positive patients, HBV
DNA suppression, and HBsAg seroconversion in
patients with HBeAg-positive and HBeAg-
negative patients especially in patients with low
HBV DNA viral load and high ALT level. The
durability of response to peginterferon alfa-2a
depends on duration of therapy. In Lau et al.
study, 44 of the 58 (83%) patients with
seroconvertion at 6 months 36 maintained
seroconversion at 12 months after treatment. In
this analysis sustained HBeAg seroconversion was
associated with higher baseline ALT and lower
baseline HBV DNA level. Overall finding from
these studies demonstrate that peginterferon offers
superior efficacy to lamivudin, resulting in a great
incidence of HBeAg seroconversion, HBV DNA
suppression, and HBsAg seroconversion in
patients with HBeAg positive and HBeAg
negative chronic hepatitis B. The addition of
Lamivudin to peginterferon alfa-2a did not
improve post-therapy response rate. The most
important point with peginterferon therapy was the
lack of resistance in many clinical trials
comparing with other modalities of therapy such
as NAs (35-38).
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Lamivudine (Epivir-HBV, 3TC)

Lamivudine is the negative enantiomer of 2-3
dideoxy- 3-thiacytidine. Incorporation of the active
triphosphate (3TC-TP) into growing DNA chains
results in premature chain termination thereby
inhibiting HBV DNA synthesis. Lamivudine
monotherapy is effective in suppressing HBV
replication and in ameliorating liver disease. HBeAg
seroconversion after a 1-year course of lamivudine
treatment is similar to that of a 16-week course of
standard IFN-a, but lower than that of a 1-year
course of peglFN- a (39). In one study in Iran over
half (53.5%) of chronic hepatitis B patients with
HBeAg negative have normal liver enzyme level at
12-mo lamivudine therapy (40).

Factors associated with an increase rate of
lamivudine resistance include long duration of
treatment, high pretreatment serum HBV DNA level,
and a high level of residual virus after the first course
of treatment. One study reported that the rate of
lamivudine resistance was significantly higher in
patients whose serum HBV DNA level exceeded
200 IU/mL (1000 copies/mL) after 6 months of
treatment compared to those with lower HBV DNA
levels (63% vs. 13%) (41) The emergence of
lamivudine resistance had also been reported to be
after initial response and even associated with
HBeAg seroconversion, possibly via immune
mediated mechanism and in some patients may be
associated with acute exacerbations of liver disease
and rarely hepatic decompensation and death (42-
43). Exacerbations and flares of hepatitis may also
occur after withdrawal of treatment due to rapid
outgrowth of wild-type virus, but two studies in Asia
found that the occurrence of hepatitis flares and
hepatic decompensation were similar among patients
with lamivudine breakthrough who stopped or
continued lamivudine treatment (44,45). Due to
selection of drug-resistant mutants with time,
patients who receive and continue lamivudine
therapy will be presenting the increasing rates of
virologic and biochemical flare during maintenance

treatment. The durability of response after cessation
of treatment is expected to be 70% to 90%. Viral
relapse and exacerbations of hepatitis may occur
after discontinuation of lamivudine therapy (46)
even in patients who developed HBeAg
seroconversion, and with a delay up to 1 year after
cessation of treatment. Thus, all patients should be
closely monitored after treatment is discontinued
(every 1-3 months for the first 6 months, and every
3-6 months thereafter). Reinstitution of lamivudine
treatment is usually effective in patients who have
not developed resistance. In patients who have
breakthrough infection, testing for lamivudine-
resistant mutants should be performed when
possible. The vast majority of patients with
confirmed lamivudine-resistance should receive
rescue therapy with antiviral agents that are effective
against lamivudine-resistant HBV mutants. In terms
of salvage therapy for LAM-resistant or ADV
resistant CHB, the American Association for the
Study of Liver Diseases practice guideline has
recommended switching to ETV as an optimal
strategy and this protocol has been widely applied in
clinical practice. Recent reports have shown that
switching to ETV therapy in LAM-refractory
patients with CHB has resulted in superior viral
suppression compared with continued LAM therapy,
with a comparable safety profile. However, the
cumulative probability of genotypic ETV resistance
development over 4 years was 43% in LAM-
refractory patients, which is considerably greater
than the 1.2% probability seen in NA-naive patients.
In fact, a new treatment algorithm does not
recommend ETV monotherapy as a rescue therapy
for patients with LAM resistance CHB (39).

Adefovir resistance

Adefovir dipivoxil is an orally bioavailable
pro-drug of adefovir, a nucleotide analog of
adenosine monophosphate. It can inhibit both the
reverse transcriptase and DNA polymerase activity
and is incorporated into HBV DNA causing chain
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termination. In vitro and clinical studies showed
that adefovir is effective in suppressing wild-type
as well as lamivudine-resistant HBV.

Adefovir Resistance occurs at a slower rate
during adefovir treatment compared to lamivudine
and no adefovir-resistant mutations were found
after 1 year of treatment in the patients who
participated in the Phase III trials (47). Aggregate
data from 5 studies including 3 studies using the
combination of lamivudine and adefovir in
patients with lamivudine resistant HBV estimated
the cumulative rate of adefovir resistance to be
15% by 192 weeks (48). The phase III trial in
HBeAg-negative  patients found that the
cumulative probabilities of genotypic resistance to
adefovir at 1, 2, 3, 4, and 5 years were 0, 3%,
11%, 18%, and 29%, respectively. Cumulative
rate of genotypic resistance to adefovir in the
phase III trial in HBeAg-positive patients was
estimated to be 20% after 5 years of treatment
(50). Recent studies using more sensitive methods
have reported detection of adefovir-resistant
mutations after 1 year of treatment and rates of
genotypic resistance exceeding 20% after 2 years
of treatment (50, 51). In these studies, adefovir
resistance was predominantly found in patients
with prior lamivudine resistance switched to
adefovir monotherapy. In vitro studies showed
that  adefovir-resistant — mutations  decrease
susceptibility by 3-15- fold (47, 52). Nevertheless,
clinical studies found that viral rebound, hepatitis
flares and even hepatic decompensation can occur
(53). Risk factors for adefovir resistance that have
been identified include suboptimal viral
suppression and sequential monotherapy (50, 51).
Sequential treatment with lamivudine followed by
adefovir had also been reported to select for dual-
resistant HBV mutants (53). In vitro and clinical
studies showed that adefovir-resistant HBV
mutants are susceptible to lamivudine and
entecavir (52). However, in patients with prior
lamivudine resistance, who developed adefovir
resistance after being switched to adefovir

monotherapy, re-emergence of lamivudine-
resistant mutations has been reported soon after
reintroduction of lamivudine. With adefovir
monotherapy cumulative probability of virologic
outcome after 5 year genotypic resistance was
29%, virologic reboud 16% and clinical
breakthrough 11%. Higher levels of HBV DNA at
one year predict adevofir resistance in long-term
therapy (53). There are anecdotal cases where
switching from adefovir to tenofovir resulted in a
decrease in serum HBV DNA levels. This may be
related to a higher dose of tenofovir being used
300 mg versus adefovir 10 mg. However, serum
HBV DNA remained detectable and adefovir-
resistant mutations persist after switching to
tenofovir monotherapy indicating that these two
drugs are cross-resistant (54). By contrast, rescue
therapy with combination of lamivudine or
emtricitabine and tenofovir resulted in suppression
of serum HBV DNA to undetectable levels (54).
One case series reported that two patients with
adefovir-resistant HBV responded to entecavir
with a decrease in serum HBV DNA to
undetectable levels (50). There have been few
reports on the effect of ETV switching in patients
with multidrug resistance that developed after
switching to ADV monotherapy for LAM resistant
HBV. The virological, serological, and
biochemical outcomes of ETV monotherapy were
evaluated over 48 weeks in patients with
compensated CHB who developed resistance to
both LAM and ADV after sequential therapy,
compared with patients showing resistance to
LAM. The 48-week ETV treatment was less
effective in LAM/ADV-resistant than in LAM-
resistant patients. Continuing ETV monotherapy
could be determined based on the virological
response at 12 weeks in LAM/ADV-resistant
patients (55).

In patients with adefovir resistance with no
prior exposure to other NAs, lamivudine,
telbivudine or entecavir may be added.
Alternatively, adefovir may be stopped and
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tenofovir plus lamivudine or emtricitabine may be
used. In patients with prior lamivudine resistance
in whom lamivudine had been stopped when
treatment was switched to adefovir, adefovir may
be stopped and tenofovir plus lamivudine,
emtricitabine or entecavir may be used but the
durability of response to this combination is
unknown (56).

Telbivudine resistance

Telbivudine (deoxythymidine) is an L-
nucleoside analogue with potent antiviral activity
against HBV. Clinical trials showed that
telbivudine is more potent than lamivudine in
Although
telbivudine is associated with lower rate of drug

suppressing ~ HBV  replication.
resistance than lamivudine, the resistance rate is
substantial and increases exponentially after the
first year of treatment. In the phase III clinical
trial, genotypic resistance after 1 and 2 years of
treatment was observed in 5.0% and 25.1% of
HBeAg positive and in 2.3% and 10.8% of
HBeAg-negative patients who received
telbivudine compared to 11.0% and 39.5% of
HBeAg-positive and 10.7% and 25.9% of HBeAg-
negative patients who received lamivudine. Thus
telbivudine is associated with a high rate of
resistance and telbivudine resistant mutations are
cross-resistant  with  lamivudine. Therefore,
telbivudine monotherapy has a limited role in the
treatment of hepatitis B (57).

Tenofovir (Viread) resistance

Tenofovir disoproxil fumarate is a nucleotide
analogue that was first approved for the treatment
of HIV infection as Viread (tenofovir only) or
Truvada (tenofovir plus emtricitabine as a single
pill) and was approved for the treatment of chronic
hepatitis B (39).Tenofovir is structurally similar to
adefovir. In vitro studies showed that tenofovir
and adefovir are equipotent. Because tenofovir
appears to be less nephrotoxic, the approved dose

is much higher than that of adefovir, 300 mg
versus 10 mg daily. This may explain why
tenofovir has more potent antiviral activity in
clinical studies. During 96 weeks of treatment In
the two phase III clinical trials, 7 patients were
observed to have virologic breakthrough. It should
be emphasized that 17 patients who had persistent
detection of serum HBV DNA at week 72 and
were at the greatest risk of tenofovir resistance
received additional treatment with emtricitabine
but tenofovir- resistant HBV mutations were not
detected in any of these patients (58). Therefore,
data on resistance to tenofovir monotherapy
beyond 72 weeks cannot be determined from the
two pivotal trials.

Entecavir (Baraclude) resistance

Entecavir, a carbocyclic analogue of 2-
deoxyguanosine, inhibitsHBVreplication at three
different steps: the priming of HBV DNA
polymerase, the reverse transcription of the
negative strand HBVDNAfrom the pregenomic
RNA, and the synthesis of the positive
strandHBVDNA. In vitro studies showed that
entecavir is more potent than lamivudine and
adefovir and is effective against lamivudine-
resistant HBV mutants although the activity is
lower compared to wild-type HBV (54). Virologic
breakthrough was rare in nucleoside-nai“ve
patients, and was observed in only 3.6% of
patients by week 96 of entecavir treatment in the
phase III clinical trial of HBeAg-positive patients
(59). Resistant mutations to lamivudine and
entecavir were detected in only two (1%) patients
while resistant mutations to lamivudine only were
found in three patients (60). Preliminary data
suggest that the rate of entecavir resistance
remained at 1.2% in nucleoside-nai"ve patients,
after up to 5 years of treatment (6). However,
virologic breakthrough was detected in 7% of
patients after 48 weeks and in 16% after 96 weeks
of treatment in the phase III trial of lamivudine
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refractory patients (63,64). Preliminary data
indicate that entecavir resistance increased to 51%
of patients after 5 years of entecavir treatment in
lamivudine-refractory patients (62). Lamivudine
should be discontinued when patients are switched
to entecavir to decrease the risk of entecavir
resistance. In vitro studies have shown that
entecavir-resistant mutations are susceptible to
adefovir and tenofovir, but there are very little
clinical data on the efficacy of adefovir or
tenofovir in patients with entecavir-resistant HBV.

Emtricitabine (Emtriva, FTC)

resistance

Emtricitabine is a potent inhibitor of HIV and
HBYV replication. FTC has been approved for HIV
treatment as Emtriva (FTC only) and as Truvada
(in combination with tenofovir as a single pill).
Because of its structural similarity with
lamivudine (3TC), treatment with FTC selects for
the same resistant mutants. FTC-resistant
mutations in the YMDD motif were detected in
13% of patients. In one study of 248 patients (63%
were HBeAg positive) FTC 200 mg daily resulted
in a significantly higher rate of histologic (62%
vs.. 25%), virologic [undetectable HBV DNA by
PCR assay] (54% vs.. 2%) and biochemical (65%
vs. 25%) responses at week 48 compared to
placebo but HBeAg seroconversion rates were
identical (12% in the two groups) (63).

Clevudine resistance

Clevudine is a pyrimidine nucleoside analogue
that is effective in inhibiting HBV replication in
vitro and in animal models. Clinical trials showed
that clevudine in doses of 30 mg daily for up to 24
weeks was well tolerated. Serum HBV DNA
levels were undetectable by PCR assay at the end
of treatment in 59% of HBeAg-positive and in
92% of HBeAg-negative patients (64, 65). A
unique feature of clevudine is the durability of

viral suppression, persisting for up to 24 weeks
after withdrawal of treatment in some patients.
Nonetheless, clevudine has not been shown to
increase the rate of HBeAg seroconversion
compared to placebo controls and in vitro studies
suggest that it can select for mutations in the
YMDD motif. Clinical trials found that rtA181T
mutation which is associated with resistance to
lamivudine and adefovir can be selected after only
24 weeks of clevudine treatment (64). Clevudine
has been reported to be associated with myopathy
in patients who have been treated for longer than
24 weeks, the onset of symptoms typically
occurred after 8 months and mitochondrial toxicity
has been documented in some patients (66, 67).
These reports have led to discontinuation of the
global phase III clinical trial on clevudine.

Conclusion

Prolonged antiviral therapy with the oral NAs
is associated with the development of resistance,
and as long as treatment continues resistance will
be part of therapy.

Because of the unusual replication strategy
used by HBV, viral populations are genetically
heterogeneous, so even treatment-naive patients
have drug-resistant mutants that constitute only a
minor component of the population in the absence
of selection pressure from antiviral drugs. The
spread of drug-resistant HBV mutants can be
reduced by avoiding unnecessary drug use,
choosing drugs and combinations more carefully,
and continually monitoring or carrying out
targeted surveillance for drug resistance (68). A
majority of patients may not require antiviral
therapy. Several professional bodies publish
regularly updated guidelines to assist clinicians
with recognition, diagnosis, prevention, and
management of CHB.

Treatment algorithms have been developed to
assist in identification of suitable candidates for
treatment and to determine when to initiate
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treatment. Because drug-resistant mutant HBV
populations are established and expand through
replication, antiviral therapy, once initiated,
should aim to suppress viral replication as
completely and rapidly as possible. The lower risk
of resistance to TDF and ETV (compared with
LMV, LdT, and ADV) supports their use as first-
line therapy, especially in patients who have
received liver transplants and those with cirrhosis
or decompensated liver disease because
development of drug resistance is more likely to
precipitate clinical deterioration in these groups.
Combination chemotherapy is being used more
frequently to treat CHB. It is effective when the
appropriate combinations are employed and can
reduce the risk of drug resistance. Although HBV
mutants that are resistant to single drugs exist
before therapy starts and can evolve rapidly in
patients, HBV mutants with MDR are much less
likely to exist before treatment. Ideally, drugs used
in combination should have different mechanisms
so that they have additive synergistic effects.
Combination therapy using NA with a
complementary cross-resistance profile prevents
the development of resistance but does not have
increased antiviral effects, compared with single-
drug therapy (69). Use of interferon in
combination with NA is probably the next logical
step. Although initial clinical trials of such
combinations were disappointing, results from
later trials are more encouraging. However, the
added benefit of the combination tends to be lost
after treatment cessation (70, 71).

Combinations of L-nucleosides are unlikely to
be more effective than therapy with single
L-nucleosides and can have antagonistic effects
(because they compete for cellular activation
mechanisms and viral targets). The lack of cross-
resistance of HBV mutants to LMV and ADV
observed in vitro (except for rtA181T/V) and in
some clinical studies indicates that these drugs
could be effective in combination. Preliminary
data also support the use of ETV in combination

with  ADV or TDF, but
recommendations will require further -clinical

definitive

trials and cost-benefit studies. Each patient’s
response to treatment should be monitored
carefully so that drug resistance can be detected
early, before viral breakthrough and disease
progression. Ideally, treatment for CHB should
begin at diagnosis; this is not feasible because of
limitations of drugs. Clinical trials and concurrent
improvements in diagnostic technology ensure the
fact that treatment options and expert opinion on
patient management will continue to evolve.
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