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Abstract
The management of chronic hepatitis B currently rests with long-term therapy using oral
nucleoside analogues. The major limitation of long-term therapy is antiviral resistance. Antiviral
resistance is due to the high rate of mutations that can occur during hepatitis B virus (HBV)
replication and the selection of these mutants due to a replication advantage in the presence of the
antiviral agent. Indeed, high rates of antiviral resistance have been found with long-term use of
lamivudine, in up to 76% of patients treated for 5 years or more. Rates of antiviral resistance are
lower with adefovir therapy, ∼30% at 5 years. Newer more potent nucleoside analogues (tenofovir
and entecavir) have proven to have much lower rates of antiviral resistance (<1% after 2 years in
treatment-naïve subjects), but the long-term rates of resistance have yet to be fully defined. The
appearance of these viral mutations (genotypic resistance) is usually followed by rises in HBV
DNA levels (virological breakthrough) and then by rises in serum aminotransferase levels
(biochemical breakthrough). The appearance of antiviral resistance can be accompanied by a
transient but occasionally severe exacerbation of the underlying liver disease which in some
instances have led to acute liver failure. Combinations of nucleoside analogues may offer an
approach to preventing antiviral resistance, but the efficacy and safety of this approach has yet to
be shown. A future research priority is to identify new agents active again HBV that target
different steps in the viral life cycle and might provide effective means to circumvent the antiviral
resistance of nucleoside analogues.
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Introduction
The management of chronic hepatitis B has improved in the last decade primarily because of
the availability of oral nucleoside analogue therapy. These agents are well tolerated, very
effective at suppressing viral replication and appear to be safe over our current five to ten
year knowledge of experience. A major shortcoming of nucleoside analogue therapy is the
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high rate of virological relapse when treatment is discontinued. Therefore, treatment must be
often administered long-term, if not indefinitely. Unfortunately, long-term therapy is
associated with the development of antiviral drug resistance which frequently negates the
benefits of therapy and sometimes may be associated with hepatitis flares and even death.
Therefore, a major challenge in the management of hepatitis B is how to best use these
agents, whether singly, sequentially or in combination, in order to minimize the risk of
developing viral resistance. This review will focus on why antiviral resistance occurs, the
nomenclature used to classify viral resistance, rates of viral resistance development to
approved agents, management of established antiviral resistance and strategies to prevent
antiviral resistance in chronic hepatitis B.

Why does Antiviral Resistance Occur?
Although the hepatitis B virus (HBV) has a DNA genome, it replicates via an RNA
intermediate step.1 The lack of proof reading capacity of the viral encoded RNA dependent
RNA polymerase coupled with the extremely high rate of HBV replication yields the
potential for mutations to be generated at each nucleotide position within the entire genome
on a daily basis.2 Under selection pressure created by the presence of an antiviral agent,
viruses with mutations that confer a replication advantage are selected and ultimately
become the predominant viral species.

Several factors are associated with the development of antiviral resistance, but the key ones
based upon our current understanding, are viral fitness and the potency and genetic barrier to
resistance of the antiviral agent.3 Viral fitness generally refers to the ability of a virus to
replicate in a defined environment and is dependent on two primary components, the
replication capacity which refers to the ability of mutant virus to replicate in the absence of a
drug compared to a wild-type, drug-sensitive virus, and replication space, which refers to the
ability of the environment to support replication-the hepatocyte in the case of HBV.4, 5
Usually, mutant viruses are “less fit” meaning they do not replicate as well as wild-type
virus, but may have a survival advantage in the presence of an antiviral agent. Over time,
compensatory or secondary mutations develop after the initial mutation, which restores
functional defects in the viral polymerase caused by the primary mutations. These
compensatory mutations enable the mutant virus to replicate at near wild-type levels leading
to the development of antiviral resistance.

The potency of a nucleoside analogue acting as an antiviral agent is determined by its ability
to serve as a competitive inhibitor of the HBV polymerase relative to that of the natural
substrate.6 Clinically, potency of a drug is reflected by how rapidly it can suppress viral
replication; the more rapid, the lower the risk of developing antiviral resistance.7 A drug
with low antiviral potency exerts minimal pressure upon the viral population leading to a
low probability of developing drug resistance. A highly potent drug will achieve rapid and
complete suppression of viral replication, thus providing little opportunity for the emergence
of resistant virus since mutagenesis is replication-dependent. An agent exerting modest
antiviral activity that incompletely suppresses viral replication provides the greatest
opportunity for selecting drug-resistant virus.

The genetic barrier to resistance refers to the number of mutations that the virus must
accumulate in order to replicate efficiently in the presence of the antiviral agent. The genetic
barrier to resistance is partly dependent upon the structure of the antiviral compound and the
constraints imposed by the ability of the viral polymerase to tolerate compensatory
mutations without significantly impairing its enzymatic activity. Thus, an agent with a high
genetic barrier to accumulation of mutations will naturally have a lower likelihood of
developing resistance.
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A number of other host factors indirectly contribute to the development of antiviral
resistance. Immune suppression, whether innate or acquired, can affect the rate of viral
replication and, therefore, the rate of development of mutations. Achieving effective drug
concentrations may be affected by obesity by altering the volume of distribution, by patient
non-adherence and by the activity of host cellular enzymes necessary for phosphorylation of
prodrugs.6 Finally, existing mutations due to prior use of antiviral agents can lower the
genetic barrier to resistance and lead to a faster development of resistance, as is the case of
the presence of the rtM204V/I mutation (conferring resistance to lamivudine) and the
subsequent development of entecavir resistance.8

Nomenclature of Antiviral Resistance
Standardizing the nomenclature of antiviral resistance is important for several reasons
relevant not only to clinical research but also to clinical practice. Defining which nucleotide
changes constitute drug resistance and how new mutations are characterized will allow for
the true incidence of antiviral resistance to be determined as well as permit direct
comparison of the available antiviral agents. Furthermore, standardizing nomenclature
allows for better characterization of the clinical effects of antiviral resistance and will
improve strategies to manage resistance.

Primary Non-response
Primary non-response is defined as the inability of the antiviral agent to reduce serum HBV
DNA by ≥1 log10 IU/mL within the first 6 months of treatment9 (Figure 1). Definitions vary
among experts but this definition was chosen because it exceeds the variability within HBV
DNA assays and reflects a true virological but not a clinical response. Primary non-response
is related to the potency of the antiviral agent and perhaps to polymorphisms of host
enzymes that are involved in converting prodrugs to their active moiety.6 There is no
evidence that pre-existing antiviral mutations are associated with primary non-response.10
The observation of primary non-response is an indication to change therapy because a high
residual viral level after 6 to 12 months of therapy has been associated with an increased risk
for the development of resistance.11–14

Virological Breakthrough
Virological breakthrough is the first clinical indication of the development of antiviral drug
resistance. It is defined as an increase in serum HBV DNA by ≥1 log10 IU/mL above a nadir
on two or more consecutive occasions at least one month apart while on treatment after
achieving an initial response in a compliant patient9 (Figure 1 and Figure 2). Serum HBV
DNA levels initially tend to be low because, as previously discussed, most antiviral-resistant
mutants have lower replication fitness compared to wild-type virus.15, 16 However, with
time compensatory mutations develop which restore replication fitness and the viral level
returns to and sometimes exceeds pre-treatment levels.7, 17, 18 This phenomenon is termed
viral rebound (Figure 2).

Biochemical Breakthrough
Biochemical breakthrough is defined as an elevation in serum alanine aminotransferase
(ALT) level while on treatment after achieving normalization in a compliant patient9
(Figure 2). Biochemical breakthrough usually lags behind virological breakthrough, and
serum ALT levels may remain normal for weeks to years after the development of antiviral
resistance. Thus, serum ALT is not a sensitive indicator of antiviral resistance. On occasion,
the serum ALT levels may increase markedly indicating a significant flare of disease
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(defined as a serum ALT level >5 times the upper limit of the normal range) and even place
the patient at risk for hepatic decompensation.19, 20

Genotypic Resistance
Genotypic resistance refers to the detection of viral populations bearing amino acid
substitutions in the reverse transcriptase region of the HBV genome that have been shown to
confer resistance to antiviral drugs in a phenotypic assay during antiviral therapy (Figure 2).
9 These mutations are usually detected in patients with virological breakthrough but they
can also be present in low levels in patients whose virus levels plateau. Rarely these
mutations can be detected before therapy.21

Rates of Resistance
Defining the rates of viral resistance in therapeutic clinical trials is problematic because of
varying definitions used in the published literature (whether defined as genotypic or
virological or biochemical breakthrough); different sensitivities of the assays used to assess
genotypic resistance; and different patient populations tested across trials. Therefore, there is
a need to standardize reporting regarding when to test and with which assays. For clinical
trials, at a minimum, direct sequencing should be performed at baseline, annually on all
HBV DNA positive patients and on all patients with primary treatment failure. Additionally,
cumulative rates of virological and biochemical breakthrough should be reported.22
Standardized reporting in this fashion will allow for a better understanding not only of the
true rates of resistance with antiviral agents but also their clinical significance, cross-
resistance profiles, and ultimately improve patient management.

In clinical practice, it is unnecessary to perform resistance testing at baseline unless the
patient is treatment-experienced. Resistance testing based on a commercially available assay
(see below) should be performed in patients with a suboptimal antiviral response before
changing therapy and in patients with virological and biochemical breakthrough.

The published average rates of resistance to approved agents in treatment-naïve subjects
with chronic hepatitis B are shown in Figure 3. Rates of resistance are highest for the L-
nucleoside class of antiviral agents (lamivudine, telbivudine) and lower for the acyclic
phosphonates (adefovir and tenofovir) and the cyclopentane class (entecavir).

L-nucleosides
Lamivudine and telbivudine are the only L-nucleosides approved for use in the United
States. Clevudine is approved for use in Korea and emtricitabine is used off label in
combination with tenofovir disoproxil fumarate. All L-nucleosides have a similar molecular
structure and target site of action, and therefore similar patterns of antiviral resistance
mutations.7, 23 Consequently, intra-class cross-resistance exists. L-nucleosides act as chain
terminators inhibiting negative and positive HBV DNA strand synthesis.17 The target for
these agents is the reverse transcriptase domain of the HBV polymerase. The specific
primary mutations conferring resistance to lamivudine are the rtM204V/I substitutions17
and for telbivudine, only the rtM204I substitution.24 Case reports have also documented
primary resistance to lamivudine occurring with rtA181T/S.25–27 From a structural
perspective, primary lamivudine resistance mutations induce steric hindrance with decreased
binding of lamivudine to the viral polymerase.17 As a consequence of the primary resistance
mutation, catalytic activity of the polymerase is reduced due to altered alignment of the
incoming nucleotide with respect to the template and primer in the active site.17, 28, 29 In
vitro studies have shown that these mutations result in a >1000 fold decreased susceptibility
of the viral polymerase for lamivudine and reduced functional capacity of the viral
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polymerase.16, 17 Compensatory mutations including rtV173L, rtL180M and rtL80I restore
the viral polymerase function to near wild-type levels and are almost always associated with
the primary resistance mutations.16, 18, 30 In isolation, compensatory mutations are
associated with very low level resistance in vitro.

In clinical trials the rate of resistance to lamivudine is relatively high, with 14% to 24% of
HBeAg positive and 6–18% of HBeAg negative patients developing genotypic resistance at
one year and >70% after 8 years of continuous therapy.31–35 The somewhat different
reported rates reflect differences in the studies: whether all subjects were tested or only
those with virological breakthrough and whether testing was performed by direct sequencing
or restriction fragment length polymorphism (RFLP) analysis.

Telbivudine is associated with a lower rate of resistance compared to lamivudine in HBeAg
positive subjects at one year, 5%, but the rate jumps to 22% at two years, suggesting that the
development of resistance may become a significant problem with longer duration of
therapy.12 Rates of resistance are lower in HBeAg negative subjects are lower at one year
2% but increase to 11% at 2 years.12, 13

Patients with high baseline HBV DNA, slower rates of clearance of HBV DNA (defined as
detectable virus after 6 months of continuous therapy) and extended duration of therapy are
more prone to develop lamivudine and telbivudine resistance.11, 13, 36 In one study 60% of
patients receiving lamivudine with an HBV DNA level >200 copies/mL at week 24
developed resistance compared to only 8% in those whom the HBV DNA level was <200
copies/mL as measured by Cobas Amplicor HBV Monitor assay.11 Similarly, with
telbivudine, approximately 80% of patients with an HBV DNA level >3 log10 copies/mL at
week 24 developed resistance by week 104 compared to only 4% of patients with
undetectable HBV DNA measured by Cobas Amplicor HBV Monitor assay.13 However, it
is possible that these differences may disappear with long-term therapy.

Acyclic Phosphonates
Adefovir and tenofovir are acylic phosphonates approved for therapy of chronic hepatitis B.
Structurally, instead of a phosphate group, these agents possess a phosphonate group that
cannot be cleaved by host esterases and act as chain terminators.37 The structural similarity
of these compounds to the natural substrate dATP and the small, flexible phosphonate linker
allow these compounds greater access to the HBV polymerase active site. Mutations that
confer resistance to adefovir reside outside of the YMDD motif, in the B and D domains of
the HBV polymerase. There are two primary adefovir resistant mutations, the rtA181T and
rtN236T substitutions in the viral polymerase.38 These mutations result in only a modest (2
to 9-fold) increase in the EC50.38–40 Nevertheless, virological breakthrough occurs with
this subtle change in the binding of adefovir to the mutant HBV polymerase. A report of a
mutation associated with primary non-response in three patients treated with adefovir has
not been substantiated in a subsequent study.41, 42

Long-term follow-up studies in hepatitis B e antigen (HBeAg)-negative subjects treated with
adefovir reported a rate of genotypic resistance of 3% at 2 years and a cumulative rate of
29% at 5 years.43 Interestingly, the rate of virological breakthrough was only 20% and
biochemical breakthrough, 11% at year 5, probably because of the small change in EC50
with the resistance mutations. The long-term rate of resistance in HBeAg-positive subjects is
unclear. A 20% rate of resistance was reported after a median of 235 weeks,44 however, this
result should be interpreted with caution and may be higher because the duration of adefovir
therapy varied greatly among subjects due to multiple dose interruptions. As with
lamivudine, residual virus during the first year of therapy was predictive of future resistance.
Development of resistance to adefovir can be predicted by the viral level at week 48. Forty-
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nine percent of patients with a serum HBV DNA level greater than 1000 copies/ml at week
48 subsequently developed resistance by week 192, compared to 6% of patients with serum
HBV DNA levels <1000 copies/ml at week 48.43 This longer duration of 48 instead of 24
weeks used with other antiviral agents is likely due to the lower antiviral potency associated
with the suboptimal dose of adefovir.

In vitro studies indicated that tenofovir is of equal potency to adefovir but is more effective
clinically due to the fact that the administered dose is 30 times higher than that of adefovir.
Virological breakthrough has been observed during therapy with tenofovir in both HBeAg-
positive and -negative subjects but no genotypic resistance mutations were detected in the
HBV reverse transcriptase after 2 years of continuous tenofovir use.45, 46 Virological
breakthrough was attributed mostly to non-compliance.

Cyclopentane Group
Entecavir is a carbocyclic analogue of 2’deoxyguanosine with potent activity against HBV.
Entecavir acts at three stages in the viral replication cycle by inhibiting priming as well as
inhibiting synthesis of both negative and positive strand HBV DNA.47 Entecavir has a high
genetic barrier to resistance, which means that the virus must accumulate several mutations
before virological breakthrough occurs.8 The rtM204V/I mutations classically associated
with lamivudine resistance are necessary for the development of virological breakthrough to
entecavir.8 In the absence of the primary lamivudine-resistant mutation, the entecavir
associated resistant mutations results in only a modest change in EC50 (<10 fold); however,
with the presence of the lamivudine-resistant mutation, there is an over 1000-fold change in
susceptibility for the viral polymerase.8, 48 Two patterns of mutations have been reported.
One pattern includes rtI169T + rtL180M + rtM204V + rtM250V and the other rtL180M +
rtT184G + rtS202I and rtM204V.8, 48 Mutations at rt169 and rt250 impact on the primer
binding region of the reverse transcriptase whereas, the rt184 and rt202 mutations alter the
geometry of the polymerase nucleotide binding pocket of the catalytic site.49–51

A very low rate of antiviral resistance in nucleoside-naïve patients has been reported with
entecavir, 0% at one year and 1.2% at 5 years.52, 53 As predicted by the in-vitro data,
entecavir resistance develops at a significantly higher rate in patients with pre-existing
lamivudine-resistance mutations rtM204V/I ± rtL180M. The cumulative incidence of
genotypic resistance to entecavir in lamivudine-resistant patients increases from 1% at one
year to 51% at 5 years.53, 54

Clinical Consequences of Antiviral Resistance
The development of antiviral resistance is generally associated with worse clinical
outcomes. In a landmark trial that randomized patients with bridging fibrosis or cirrhosis to
either lamivudine or placebo to prevent liver disease progression, lamivudine was shown to
delay the development of liver disease progression by 50 percent during a median period of
32 months of treatment.55 Patients who developed lamivudine resistance had less benefit
compared to those without resistance, but they still experienced fewer adverse outcomes
compared to placebo-treated patients.55 Whether patients with resistance would have
developed worse outcomes with longer duration of follow-up remains to be determined. In
another study evaluating the long-term histological benefits of lamivudine, the effectiveness
of therapy was negated by the development of lamivudine resistance.56 Patients who
received lamivudine continuously for 3 years and who had no evidence of drug resistance
were more likely to demonstrate histological improvement (77% versus 44%) and less likely
to show deterioration (5% versus 15%) compared to those who developed resistance.56
Patients with lamivudine resistance for more than 2 years were least likely to demonstrate
histological improvement (36%). Lower rates of HBeAg loss and seroconversion were
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reported in patients receiving lamivudine treatment following the development of resistance.
57

Of particular concern have been reports of hepatitis flares, hepatic decompensation and
death following the development of antiviral resistance. In a retrospective analysis of 998
HBeAg-positive patients with compensated liver disease who received lamivudine for a
median of 4 years, both the risk and severity of hepatitis flares increased with the duration of
lamivudine resistance, such that 80% patients who had lamivudine resistance for more than
4 years experienced at least one flare of hepatitis.19 The risk of hepatic decompensation was
extremely low in this cohort, <1%, but was increased for those with lamivudine resistance
for more than 4 years.19 The generally favorable short-term clinical outcome of this cohort
may be related to their young age (mean 32 years) and the fact that only 10% had cirrhosis
at the onset of treatment.

Particularly problematic with the development of antiviral resistance is the limitation it may
place on future treatment options. For instance, entecavir has a very low rate of resistance in
treatment-naïve patients, ∼1% at 5 years, but is associated with high failure rates in
lamivudine-resistant patients, 51% at 5 years, due to the cross-resistance between entecavir
and lamivudine.8, 53 This problem becomes a clinically relevant issue given the numbers of
patients who are lamivudine-experienced. Finally, the transmission of antiviral resistant
mutants to treatment naïve persons poses a potential public health problem. Fortunately, this
clinical scenario has yet to be found to be a significant problem.

Monitoring for Antiviral Resistance
Detection of antiviral resistance requires the implementation of an adequate monitoring
schedule during therapy as recommended by professional society guidelines and expert
opinion. Recommendations on what constitutes an appropriate monitoring schedule or what
is the most appropriate viral assay to monitor for resistance differ among the various
guidelines.22, 58–61 Guidelines and expert opinion recommend monitoring for antiviral
resistance by periodic assessment of serum HBV DNA using a sensitive assay. 22, 58–61
Surveillance for resistance using genotypic testing is not practical due to the high costs, the
lack of standardized assays and the fact that the genotypic resistance profile of the antiviral
agent must first be known. Similarly, monitoring serum ALT alone is neither sensitive nor
specific for the detection of antiviral resistance. Therefore, HBV DNA levels should be
monitored in all patients receiving nucleoside analogues to document an initial virological
response and to monitor for treatment failure during therapy in those who achieved an initial
virological response. A reasonable monitoring schedule would be at baseline and every 3
months until HBV DNA becomes undetectable and then every 3 to 6 months while on
treatment. Despite the low specificity for detection of resistance, serum ALT should also be
monitored for biochemical breakthrough.

A rise in serum HBV DNA level from a nadir is suggestive of treatment failure or
medication non-compliance. Thus it is advisable to repeat the HBV DNA test in one month
to confirm the result, unless the initial rise in HBV DNA level occurred simultaneously with
a rise in serum ALT in a compliant patient. If available, testing for genotypic resistance
should be ordered at the time of virological breakthrough to allow the clinician to more
precisely select alternative therapeutic options and to prevent an inappropriate change in
therapy.

No specific assay for monitoring HBV DNA levels is recommended. Rather, the following
characteristics are desired: a test with excellent sensitivity, such as a lower limit of detection
of 10 IU/mL, so as to be able to detect virological breakthrough early; a broad dynamic
range to cover both off and on-treatment viral levels and one that is accurate across all
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genotypes. Thus a real time PCR assay is recommended because of its sensitivity and a
dynamic range of 7–8 logs10. It is important to use the same assay during treatment
monitoring so results can be accurately compared.

The role of genotypic testing in clinical practice is still being defined. Currently, resistance
testing prior to initiating therapy in treatment-naïve patients is not recommended because of
the low rate of resistance mutations in untreated patients and the unknown clinical
significance of minor mutant populations (<5%) detected with ultra-sensitive assays. If
available, testing should be performed in treatment-experienced patients to guide rescue
therapy because of cross-resistance among different agents. Two types of commercial tests
are available for genotypic assessment: direct sequencing (TRUGENE HBV -Siemens
Health Care Diagnostic Solutions, Tarrytown, NY and Affigene HBV DE/3TC Assay -
Sangtec Molecular Diagnostics AB) and reverse hybridization (INNO-LiPA DR Version 2.0
[Inogenetics]). Advantages and limitations exist with both techniques. Direct sequencing can
identify all existing and emerging mutations but cannot detect mutations that are present at
low proportions (<20%) of the viral population. Furthermore, interpretation of sequencing
data can be problematic and confirmation of genotypic resistance requires either in vitro
phenotypic analysis confirming that the mutation within HBV polymerase decreases
susceptibility to treatment or extensive correlation with clinical data. Hybridization-based
methods are more sensitive and can detect mutant populations that represent 5% of the
overall population. However, a limitation of this approach is that only previously identified
mutations can be detected and individual probes have to be incorporated into the assay in
order to identify new mutations. More sensitive technologies are being developed such as
mass spectrometry and ultradeep pyrosequencing but currently these are research tools.62,
63

Management of Antiviral Resistance
Management of antiviral resistance has been shaped by several important concepts which
have emerged in recent years. Earlier alteration of therapy after the emergence of virological
breakthrough has been associated with better long-term virological outcome. In a study to
assess whether the timing of administration of rescue therapy influenced virological
outcome, adefovir rescue therapy was initiated either at the time of detection of just
genotypic resistance or at the time of genotypic and biochemical breakthrough in patients
treated with lamivudine.64 At 2 years after instituting adefovir rescue therapy, the
virological response was 100% in patients who were treated at the time of detection of
genotypic resistance but only 78% in those who presented with both genotypic and
biochemical breakthrough suggesting a more favorable clinical outcome with early
implementation of rescue therapy.64

The next emerging concept is that add-on therapy rather than switching therapy appears to
be a superior approach with regard to preventing subsequent multi-drug resistance. In a
retrospective analysis of 588 patients with lamivudine resistance, 303 were switched to
adefovir and 285 had adefovir added in combination with lamivudine.65 The rates of
virological response were similar in both the switched and combination groups after three
years of therapy, (71% versus 78%, respectively). However, the rate of virological
breakthrough (30% versus 6%), and genotypic resistance to adefovir (16% versus 0%) were
significantly higher in the switched group as opposed to the add-on group, respectively,
underscoring the benefit of combination therapy in preventing the development of multi-
drug resistance.65 Further support for the add-on approach is evident from a small
randomized trial in HBeAg-negative patients with confirmed genotypic resistance to
lamivudine and biochemical breakthrough, who were managed by being switched to
adefovir monotherapy or addition of adefovir to ongoing lamivudine therapy.66 The

Ghany and Doo Page 8

Hepatology. Author manuscript; available in PMC 2010 May 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



virological and biochemical response rates were similar with both strategies but adefovir
resistance occurred in 21% of patients who were switched to adefovir monotherapy within
15 to 18 months from the start of treatment compared to 0% in patients receiving add-on
combination therapy.66

Therapy should be altered immediately in patients with cirrhosis if they develop drug
resistance because of a higher risk for hepatic decompensation should a hepatitis flare occur.
Finally, the choice of rescue therapy for a patient with drug-resistant HBV should be based
on the cross-resistant profile of the mutations present, the potency of available agents
against these mutations and the presence of other co-morbid conditions such as renal
insufficiency.

Options for Management of Antiviral Resistance
The management options for patients with lamivudine resistance are evolving and based
upon available data from clinical trials and in vitro testing. Therapeutic options include
adding adefovir, switching to drugs with higher potency and higher genetic barriers to
resistance such as entecavir or tenofovir or the combination of tenofovir plus emtricitabine
(off label use) (Table 1).7 54, 65–70 However, emerging data suggests that entecavir is
associated with an unacceptably high rate of resistance in patients with lamivudine
resistance, 51% with extended duration therapy, and therefore may not be a viable option for
management of lamivudine resistance.71 For HBeAg-positive patients, rates of undetectable
HBV DNA (using a sensitive polymerase chain reaction [PCR]-based assay) at week 48 in
those treated with adefovir 10 mg daily as add on therapy, or who were switched to
entecavir 1.0 mg daily or tenofovir 300 mg daily were 35%, 21% and 91%, respectively.69,
72, 73 Although these results were not directly comparable because of different baseline
patient characteristics, the one-year rate of resistance to adefovir add-on, or switching to
entecavir or tenofovir were 0%, 1% and 0% respectively.69, 72, 73 These data would
support any of these strategies at least in the short-term, but longer-term data is necessary
before one strategy can be recommended over the other.

For HBeAg-negative patients with lamivudine resistance the virological response to salvage
therapy is better compared to HBeAg-positive patients with resistance as is the case in
treatment-naïve patients.65, 66 In one study, 66% and 64% of patients treated by switching
or adding on adefovir therapy, respectively achieved a virological response. However, add-
on therapy was associated with a lower rate of subsequent adefovir resistance compared to
switching therapy, 0% versus 16%, respectively. 65 Currently, only case reports are
available on the use of entecavir or tenofovir as salvage therapy in HBeAg-negative chronic
hepatitis B with lamivudine resistance and therefore no evidenced-based recommendations
can be made about these agents.

For the management of adefovir resistance, evidence is based upon small case reports and in
vitro testing.68, 74, 75 These reports suggested that management should be based upon the
pattern of adefovir resistant mutations present.38, 40 For patients with the rtN236T
mutation, options include switching to or adding entecavir; adding lamivudine; switching to
tenofovir; or switching to the combination of tenofovir plus emtricitabine (off label use). For
the scenario where the rtA181T mutation has developed, options are fewer and include
switching to or adding entecavir; or switching to tenofovir; or switching to the combination
of tenofovir plus emtricitabine (off label use). Lamivudine should not be used in this setting
due to cross-resistance with the rtA181T mutation.25

Management of entecavir resistance is based on data derived largely from case reports and
in vitro phenotypic testing. On the basis of this limited evidence, three approaches are
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available: to switch or add adefovir; or to switch or add tenofovir; or switch to tenofovir plus
emtricitabine (off label).76, 77

There is limited information on management of resistance to telbivudine, however, the
recommendations would be similar to those for lamivudine resistance based upon the
similarities of these two compounds. Scant data is available on the management of multi-
drug resistant HBV.78 Every precaution should be taken to prevent this clinical scenario
from occurring because of limited management options left when it occurs. Peginterferon
may have a role in carefully selected cases and expert advice should be sought in managing
these patients.

Prevention of Antiviral Resistance
The prevention of antiviral resistance is a major goal of future management strategies. This
should begin with proper patient selection and judicious use of antiviral agents in patients
with chronic hepatitis B. One should avoid inappropriate antiviral therapy, such as HBeAg-
positive patients in the immunotolerant phase of the disease (those with extremely high
HBV DNA levels in conjunction with normal serum ALT levels) where the benefit has not
been demonstrated. If therapy is indicated, then an antiviral agent with the highest potency
and a high genetic barrier to resistance should be selected. This is especially the case in
HBeAg-positive patients with high viral levels in order to prevent the emergence of drug-
resistant mutants. Whether initiating treatment with combination therapy will achieve the
goal of minimizing the development of antiviral resistance is currently being investigated.
Since all available antiviral agents have the same target of action, the utility of this approach
would have to be proven in clinical trials as resistance has been reported in a study of de
novo combination therapy.79 Certainly, the low rate of resistance, 1.2% at 5 years in
treatment naïve patients receiving entecavir would suggest that monotherapy remains a
viable option.53 Other unanswered questions related to combination therapy include which
agents to combine and whether an agent could be withdrawn after HBV DNA is fully
suppressed.

It is important to minimize sequential monotherapy which can lead to multi-dug resistance
and to avoid use of agents with similar cross-resistance profiles. Monitoring the antiviral
response is crucial for the early detection of virological breakthrough thus permitting early
intervention with the prospect of better outcomes. Monitoring viral kinetics is emerging as a
useful adjunct to preventing the development of antiviral resistance. Studies indicate that
early, profound viral suppression is associated with lower rates of development of
resistance.13, 43, 80 A retrospective analysis of the telbivudine registration trial served to
highlight this point. Serum HBV DNA level following 24 weeks of telbivudine treatment
was a predictive marker for the development of telbivudine resistance mutations after 2
years of therapy.13 In HBeAg-positive patients, only 6% of patients who were HBV DNA
negative developed resistance at the end of 2 years. On the other hand, approximately 50%
of all patients with HBV DNA levels above 10,000 copies/mL (> 2000 IU/mL) at the end of
6 months of telbivudine therapy developed resistance by 2 years of treatment.13 In HBeAg-
negative chronic hepatitis B, the rate of resistance was only 5% of patients after 2 years in
those who were HBV DNA negative (by PCR) after 6 months of telbivudine treatment. In
contrast, more than two thirds of patients with HBV DNA levels above 10,000 copies/mL
after 6 months developed resistance to telbivudine by 2 years of treatment.13 Based on these
results, consideration should be given to changing therapy early for patients who do not
achieve rapid viral clearance with the one exception if agents with a high genetic barrier to
resistance are being used. Finally, reinforcement of compliance with a prescribed regimen is
of paramount importance to preventing resistance.
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Conclusions and Needs for Future Research
Preventing and managing antiviral resistance during nucleoside therapy is an important goal.
The most effective way to achieve this is not clear. Well-designed studies of long-term
safety and efficacy of combination versus monotherapy need to be conducted. A critical
assessment of the role of genotypic resistance testing in clinical practice needs to be
performed to determine if inclusion of this test in clinical practice would improve outcomes.
Management algorithms based on resistance testing need to be developed and validated.
What are most needed are other antiviral agents with different sites of action, a paradigm
that has worked well for HIV management. A relatively untouched area is experimental
immunological approaches to therapy of hepatitis B. Understanding and effectively
harnessing the immune system to control or eradicate HBV infection remains a formidable,
though important challenge for the clinical management of chronic hepatitis B.
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Figure 1.
Definitions and timing of occurrence of virological forms of antiviral treatment failure
during therapy of chronic hepatitis B, including primary non-response, genotypic resistance,
and virological breakthrough. Abbreviations: HBV, hepatitis B virus. * Defined as < 1 log
reduction in serum HBV DNA after 6 months of therapy. Adapted with permission from
reference 9.
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Figure 2.
Course of a patient with chronic hepatitis B treated with an antiviral agent who develops
genotypic resistance, followed by virological and biochemical breakthrough and viral
rebound with a flare of hepatitis. Abbreviations: HBV, hepatitis B virus; ALT, alanine
aminotransferase.
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Figure 3.
Cumulative rates of antiviral resistance to the major nucleoside analogues in current use as
therapy of chronic hepatitis B in treatment naïve HBeAg-positive subjects (with the
exception of adefovir data which was derived from HBeAg negative subjects).
Abbreviations: Lam, lamivudine; ADV, adefovir dipivoxil; ETV, entecavir; LdT,
telbivudine; HBeAg, hepatitis B e antigen. Data from references 12, 13, 31–33, 38, 43, 45,
46, 52 and 53.
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Table 1

Primary resistance mutations, frequency of resistance at one year and preferred management strategies to
resistance with the approved nucleoside analogues.

Antiviral
Agent

Primary antiviral
resistant mutation

Frequency of resistance
at 1 year

Preferred
Management

HBeAg (+) HBeAg(−)

Lamivudine rtM204V/I
rtA181V/T

15–30%31, 32 11–27%81, 82 Add adefovir
Add or switch to

tenefovir

Telbivudine rtM204I 5%12 2%12 Add adefovir
Add or switch to

tenefovir

Adefovir rtA181V/T
rtN236T

0%83 0%84 Add lamivudine or
telbivudine

Switch to tenofovir
Switch to entecavir

Tenofovir None 0%45 0%45

Entecavir rtL180M & rtM204V
plus

rtI169T & rtM250V or
rtT184G & rtS202I

0%52 0%34 ?
Add adefovir

Add or switch to
tenofovir
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