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Abstract: Chronic hepatitis B continues to be a global problem, with an estimated 240 million
cases according to the World Health Organization. Chronic infection with the hepatitis B virus
(HBV) is associated with cirrhosis, hepatic decompensation, and hepatocellular carcinoma.
There are currently several US Food and Drug Administration-approved medications for treating
chronic hepatitis B, with Lamivudine (LAM) being the first oral agent made available. The major
problem with LAM is significantly decreased effectiveness over time due to the development of
anti-HBV resistance that can lead to virologic and biochemical breakthrough as well as hepatitis B
flare, progression of liver disease, and decompensation of pre-existing cirrhosis. Despite its
high anti-HBV resistant rate, LAM remains widely used in underdeveloped countries due to
its wide availability and low cost compared to other antiviral medications, including those that
are more effective. Therefore, it is still clinically important to learn how to prevent and treat
LAM resistant strains of HBV. Several regimens with the other available antiviral agents have
been studied, including switching to monotherapy with either Adefovir, Entecavir, or Tenofovir,
adding Adefovir to LAM, and switching to a combination of Adefovir and Entecavir. This review
article will examine molecular mechanisms and diagnosis of LAM anti-HBYV resistance, risks
for and approaches to reduce LAM anti-HBYV resistance, and currently available rescue therapy
regimens for LAM resistance.

Keywords: chronic hepatitis B, nucleot(s)ide analogs, anti-viral resistance, lamivudine, adefovir,
entecavir, tenofovir

Introduction
In the United States, the incidence of chronic Zepatitis B virus infection (CHB), defined
as a positive serum hepatitis B surface antigen (HBsAg) for more than 6 months, has
declined by over 80% since the 1990s, according to the US Centers for Disease Control
and Prevention. This is primarily due to widespread vaccination against hepatitis B
virus (HBV).! Since the advent of the HBV vaccine in 1981, 179 countries have
implemented routine HBV vaccination to all newborns, including the United States.
Despite the declining incidence, there were an estimated 240 million cases of chronic
hepatitis B globally in July 2012, according to the World Health Organization.? The
American Association for the Study of Liver Diseases (AASLD) estimated in 2009
that of the 350 million chronically infected individuals worldwide, 1.25 million are
located in the United States.® Therefore, there is still a significant global healthcare
burden from CHB.

Morbidity and mortality from CHB is due to the development of cirrhosis,
hepatic decompensation, and hepatocellular carcinoma (HCC). While the cause of
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HCC varies geographically, as many as 20% of cases in the
United States and up to 60% of cases in areas with high
HBYV prevalence (eg, Asia and Africa) are HBV-related.*
Approximately 600,000 deaths are attributed to hepatitis B
globally each year.

The first therapeutic agent for hepatitis B, conventional
interferon alfa, was administered subcutaneously.
Development of the pegylated form, which had significantly
better response rates, led to loss of hepatitis B e antigen
(HBeAg) in 33% of treated patients, compared to 12%
in untreated controls. Only 25% of those treated achieved an
undetectable HBV DNA level. There was particularly poor
response among immune tolerant individuals.*¢

Lamivudine (LAM) was the first approved oral nucleoside
analog (NA) agent for the treatment of CHB. The first double-
blinded, randomized controlled trial demonstrated that LAM
100 mg daily for one year led to HBeAg seroconversion to
hepatitis B e antibody (HBeAb), and an undetectable serum
HBV DNA in 16% of patients.” LAM was well tolerated,
with no serious adverse effects. This, and other positive
studies, led to widespread use of LAM to treat CHB from
1998 to 2004.67

The advantages of LAM include a lack of significant
adverse effects, proven efficacy in reducing viral load,
decreasing severity of hepatitis, and inducing HBeAg
seroconversion, and relatively low cost. LAM is also useful
in treating infection with human immunodeficiency virus
(HIV), and is included in some regimens for HBV and HIV
co-infection.

One disadvantage of LAM is less efficacy compared to
newer oral antiviral medications such as Entecavir (ETV) and
Tenofovir (TDF) in suppressing HBV DNA replication.® The
major disadvantages of LAM are the risk of resistance, and
a recurrence rate if treatment is discontinued. In a review
of 998 patients on long-term LAM monotherapy for CHB,
acute hepatitis flares and worsening liver disease with hepatic
decompensation and death were among the serious adverse
effects felt to be related to the development of resistance.’
The need for rescue therapy in the setting of resistance related
virological breakthrough or acute exacerbation of disease also
places patients at risk for developing multidrug resistance,
which will be discussed later.

In 2005 and beyond, Adefovir (ADV), ETV, Telbivudine
(LdT), and TDF have also been approved as more effective
alternative NA treatment agents for CHB. Currently, ETV
and TDF are the preferred medications for CHB in developed
countries and regions due to their improved efficacy and
superior resistance profile, with multiple studies showing

that long-term and effective HBV treatment leads to both
histological and biochemical improvement in patients with
CHB.IO,H

Since LAM remains widely used as primary therapy
for CHB in areas where access to more expensive, more
efficacious HBV medications is limited, it is important
to know the available rescue therapies in patients with
lamivudine-resistant CHB.

Diagnosis of LAM anti-HBV
resistance
Molecular mechanisms for LAM

anti-HBV resistance

The high replication rate of HBV, coupled with a lack of
effective proofreading in the HBV polymerase, is the basis
for development of mutations in the viral genome. Mutations
that alter the binding sites of antiviral medications to HBV are
the molecular mechanisms for developing drug resistance.

Table 1 summarizes DNA sequences in the HBV genome
that are known to cause resistance to specific antiviral
medications. Resistance to LAM during HBV treatment
develops from mutations within the tyrosine-methionine-
aspartate-aspartate (YMDD) motif of the C domain and B
domain of the HBV genome.”!? The development of LAM
resistant HBV strains leads to a decrease in response to
LAM treatment as high as 100-fold with subsequent loss of
virologic, biochemical, and histologic benefits. In these cases,
the incidence of acute exacerbation of hepatitis B, and the
rate of progression to cirrhosis and hepatocellular carcinoma
(HCC) are increased."

Certain genetic mutations confer cross-resistance to
multiple drugs, which is important in the choice of alterna-
tive therapies in the setting of LAM resistance. This will be
discussed further in the therapy section.

The genetic barrier to resistance is defined as the number
and type of mutations required to confer drug resistance.
Both transitions and transversions within the HBV genome

Table 1
medications

Mutations associated with resistance to antiviral

Drug name Known mutations

Lamivudine rtM204V/I/S, rtL80V, rtV174 L, rtL180M
Telbivudine rtM204l, rtL229W/V
Entecavir rtM204V/l + rtL180M £ rtL169T + rtS184G £

rtS202G/I £ rtM250V; rtT 184A/G/I/S
Lamivudine and entecavir VI173L, L180M, M204l, M204V
Adefovir rtAl18IT/V, rtN236T, rtl244V
Tenofovir None confirmed

Note: data acquired from references'2¢-¢,
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can occur, with different degrees of clinical consequence.'*
Therefore, anti-HBV medications with a low barrier to
resistance (eg, LAM, LdT) have a higher rate of resistance
over time compared to those with a high barrier to resistance
(eg, ETV, TDF). Given that higher rates of viral replication
also leads to increased probability of mutations leading to
drug resistance, medications with lower potency for viral
suppression (eg, ADV) will have a higher risk of resistance
compared to those with higher potency (eg, ETV, TDF).!

Laboratory testing for LAM

anti-HBV resistance

There are many types of diagnostic tests available for
identifying LAM resistant strains of HBV, with varying
sensitivities. Polymerase chain reaction (PCR)-based
sequencing of the viral genome, which is the most com-
mon method used in clinical trials, can detect mutants that
are present in at least 20% of the total viral population. For
known mutation sequences, restriction fragment length
polymorphisms (RFLP) and reverse hybridization line-probe
assays can detect polymorphisms that are only present in 5%
of the total viral population, and ultra-deep pyrosequencing
can be up to 50 times more sensitive than RFLP.!>16

Timing and pattern of LAM

anti-HBYV resistance
The initial clinical manifestation of LAM resistance is viro-
logical breakthrough (VBT), also known as secondary treat-
ment failure, defined as an increase in HBV DNA of more than
1 log,, IU/mL from the lowest detectable level achieved by a
patient, or redetection of HBV DNA at levels >10-fold of the
lower limit of detection of the HBV DNA assay after having an
undetectable result. The mutations in the virus genotype will
have already occurred at that point. In analysis of resistance
trials, the incidences of genotypic resistance patterns and
VBT were different. The reason for the difference was felt to
be from VBT related to medication non-compliance, with as
high as 30% of VBT attributed to non-compliance in clinical
trials. Other manifestations of resistance, which follow VBT,
include biochemical breakthrough with elevation of alanine
aminotransferase (ALT) levels above normal after previously
achieving normalization, acute hepatitis flare defined as eleva-
tion of ALT to levels greater than three times the upper limit of
normal, decompensation of existing cirrhosis, and fulminant
hepatic failure. The severity of symptoms is higher in those
with advanced baseline liver disease.*!”

In a study on long-term LAM treatment for HBeAg-
positive CHB (159 of whom completed the full 5 years

of therapy, and 592 completed 4 years), the proportion of
patients who developed hepatitis flares increased from year
1 of therapy to year 2, but remained stable from years 2
through 5 (10% versus 18%-21%). Among these patients,
the percentage with development of LAM resistance within
1-year of the hepatitis flare, and therefore felt to have a
resistance-associated flare, was 43% during the first year of
therapy, rose to 67% during year 2 of therapy, then rose further
to a mean of 87% during years 3 through 5. The proportion
of patients with biochemical changes, defined as increase in
serum bilirubin levels and/or increase in prothrombin time
from baseline or international normalized ratio greater than
1.5, did not increase with years of resistance. Unfortunately,
this study did not evaluate HBV DNA levels.’

Given these findings, monitoring the HBV DNA and
ALT at regular intervals, even as frequently as once every
3 months, may be necessary to diagnose LAM resistance.

Risk factors for LAM anti-HBV

resistance

There are many clinical and environmental factors that lead
to increased risk of LAM resistance. Understanding these
can help reduce LAM anti-HBV resistance in patients that
need antiviral treatment for CHB.

Treatment duration

In the trial study by Lai et al, 14% of patients exhibited
the YMDD mutation, which was not present in any of the
patients in the placebo group.” Another review of 998 patients
revealed 23% resistance at 1-year, and 65% resistance at
5 years.’ Resistance at 5-year follow up has been as high as
80%, and multiple studies have demonstrated this trend of
increasing incidence of resistance with longer duration of
treatment.

Suboptimal response to anti-viral therapy
One of the core concepts is that active virus replication is
required to develop resistant strains.!*!® Primary non-response
to treatment, defined as a <1 log,, drop in HBV DNA at
week 12, as well as partial response (still detectable HBV
DNA levels after 24 weeks of treatment) are both risk factors
in developing anti-HBYV resistance.'* In a study of 150 Asian
HBeAg-positive patients during a 30-month treatment period
with LAM, the incidence of resistance was directly related
to the week 24 HBV DNA levels (8%, 13%, 32%, and
63% resistance for HBV DNA < 40 IU/mL, <200 IU/mL,
<2000 IU/mL, and >2000 IU/mL, respectively)."> These
results were further reflected in trials comparing different

Drug Design, Development and Therapy 2013:7

submit your manuscript

779

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Chao and Hu

Dove

HBYV treatments, such as the LdT versus LAM comparison
study. One year LAM resistance rates were 3%, 10%,
15%, and 17% in HBeAg positive patients and 2%, 20%,
38%, and 50% in HBeAg negative patients with HBV
DNA levels =60, 60—199, 200-1999, and =2000 IU/mL
at week 24, respectively.’ In the GLOBE study comparing
LdT to LAM for treatment of CHB, HBV DNA levels after
24 weeks of treatment were found to be the greatest predictor
of long-term efficacy, confirmed by later studies comparing
other predictors such as ALT response, baseline ALT, and
baseline HBV DNA level

High baseline HBV DNA load

Although a literature review found no direct studies com-
paring response to treatment and development of resistance
based on HBV viral load, it seems intuitive that a higher viral
load leads to a higher rate of resistance, based on the higher
likelihood of suboptimal response to treatment.

Loss of access to medications

Given that CHB has a high prevalence in many parts of
the world with limited access to medical care, the fact that
antiviral therapy for CHB needs to be continued for years is
a considerable obstacle to treatment adherence. Inability to
afford long-term therapy, inability for pharmacies to maintain
a supply of medication, or lack of access to clinical follow up
can all contribute to development of resistance. In the former,
partial response and premature cessation of treatment was
previously discussed as a risk factor for resistance. For the
latter, those who had a lack of response or partial response to
treatment would not be detected and would actually develop
resistance through prolonged compliance with therapy.

Non-compliance with anti-viral therapy
Since failing to achieve an undetectable HBV DNA level
is a positive predictor for developing LAM resistance, non-
compliance with anti-viral therapy increases the rate of
resistance due to a behaviorally induced decrease in drug
efficacy and reduction of viral suppression.'?

High resistance HBV genotypes

There are eight known HBV genotypes (A through H),
with varying global distribution, and there is conflicting
data on whether a particular genotype leads to increased
risk of anti-HBV resistance. One study of 40 patients with
genotypes B and C receiving LAM monotherapy showed a
statistically significant difference in the rate of LAM resis-
tance within the first 12 months (odds ratio for genotype B

versus C 8.27, P=0.004).2' However, a larger study involving
129 patients of genotypes A, D, and F showed no association
between development of resistance and genotypes A and D
(27/50 and 16/50, respectively, P = 0.189), despite a higher
incidence of resistance mutations among genotype A (59.1%)
compared to D (30.3%).2? Therefore, additional studies may
need to be done to formulate definitive conclusions.

HIV co-infection

The prevalence of HIV and HBV co-infection is 5%—10% in
most regions of the world, including North America, Europe,
Australia, and Brazil. LAM, ADF, and TDF have all been
approved for the treatment of both HBV and HIV infection.
The recommended dose of Lamivudine is 150 mg twice
daily, as opposed to 100 mg daily for HBV infection alone.’
Long-term studies have shown significant rates of resistance,
up to 20% of patients per year. This was based on 2-year
follow-up of 66 patients treated with LAM monotherapy.?
A second study retrospectively evaluated 110 co-infected
patients, with 57% HBeAg positive. Among those treated
with LAM monotherapy (HBeAg positive N = 24; HBeAg
negative N = 18), 22% of those who were HBeAg positive
(N = 5) exhibited seroconversion to HBeAg negative over
a 5-year period, which compared to 1-year studies was no
different (21% HBeAg seroconversion). This was attributed
to the development of LAM resistance over time.?*

Preexisting anti-HBV resistance
The appearance of certain mutations in the HBV DNA
genome is indicative of LAM resistance for those taking the
medication. In the LAM trial by Lai et al, mutations to the
YMDD locus that convey drug resistance were only seen
in the treatment group.” There have been studies aiming to
assess pretreatment HBV genotype sequences for compari-
son between those that develop resistance during treatment,
and those that do not. One such study analyzed pretreatment
serum from 59 patients, all of which developed undetectable
HBYV DNA with LAM monotherapy. HBV DNA reappeared
in 28 cases (47%). Comparison of HBV genomes revealed
two statistically significant mutations within the DNA encod-
ing HBV polymerase.?® Other studies have shown mutations
in the HBV genome encoding components of HBsAg, most
commonly in the pre-S1 and pre-S2 regions, though the
clinical significance of this is still unclear, particularly as
there is overlap between the polymerase and surface antigen
genes.”

It has been discovered that YMDD mutations also occur
in patients who are HBV treatment naive, with prevalence
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as high as 15% in one Western Chinese population.”” A
multicenter review in the People’s Republic of China found
YMDD variants in 23% of a sample of 1,042 patients,?
and a literature review of Chinese and English publications
revealed a pooled incidence of “natural” YMDD mutation
of 12.21%, with the People’s Republic of China having the
greatest incidence at 13.38%, with the mean of the remaining
seven countries 9.9%.% Studies assessing whether this leads
to a decreased response to LAM are fewer in number, and the
detection rate can vary depending on the assay method used.
One study found that “natural”’ YMDD mutations disappeared
following 9 months of treatment with LAM monotherapy,
however the sample size was only four patients, and 9 months
of treatment is a relatively short duration.*

The presence of “natural” resistance is most likely the result
of spontaneous mutations that occur during virus replication.
It is unclear exactly how much pre-existing resistance affects
response rates to LAM.?! In practice, these patients would
likely be treated with presumed LAM resistance, so long-term
data on LAM monotherapy is not available.

More recent studies from Europe using deep sequencing
techniques on the HBV genome in treatment-naive patients
have also confirmed the presence of low genetic barrier,
primary drug-resistance mutations.> These techniques are
able to detect mutations that standard direct PCR sequencing
assays cannot pick up, due to their relative lack of frequency
(as low as 0.6% in one study).** Multiple studies have shown
the presence of low genetic barrier mutations that, if ampli-
fied, could convey primary drug resistance in viruses from
treatment-naive patients.*>3* Although it is still unclear what
the clinical significance of these findings is, the potential for
drug resistance in treatment naive patients, coupled with the
inability to detect these changes by PCR, may change the
standard diagnostic test used for virus genetic profiling prior
to beginning medications.

LAM monotherapy may not be preferred

in certain subpopulations
Treatment recommendations for special patient populations
including those with cirrhosis, liver transplantation, and
those undergoing chemotherapy or other immunosuppressive
treatments, are outlined in the European Association for the
Study of the Liver (EASL) practice guidelines.®

Given the risk of decompensation and hepatic failure
with virologic breakthrough, LAM is not recommended for
these populations, since LAM loses efficacy over time with
increasing rates of resistance. Long-term therapy is needed
to maintain viral suppression and prevent progression of liver

disease in these individuals, and the current first-line agents
are ETV and TDF. A key concept in treating cirrhotics with
CHB is that antiviral therapy may not prevent development
of HCC, so routine monitoring with serum alpha fetoprotein
(AFP) and ultrasound imaging of the liver is required. With
advanced disease, achieving an undetectable HBV DNA
level prior to liver transplantation will decrease the risk
of HBV recurrence.*® The immunosuppression required to
prevent graft rejection can also lead to reactivation and/or
acute exacerbation of disease, making effective long-term
chemoprophylaxis crucial in these patients.

Following liver transplantation, risk of HBV recurrence
is 80%—-100% with an associated 2-year mortality of 50%
without treatment. Hepatitis B immunoglobulin (HBIG) has
been used to prevent “reinfection” with HBV following liver
transplantation since the early 1990s. High doses (10,000 IU)
are used, with daily infusions during the first week post-
transplant. Studies have been unable to standardize dosing
beyond this period, but lifelong, regular infusions are currently
recommended. Oral antiviral therapy is used concurrently, and
the combination of LAM with HBIG reduces post-transplant
HBYV recurrence to as low as 0%—11%.%*" There is active
research addressing the question of whether a combination of
oral antiviral medications can replace the need for HBIG.

Immunosuppressive treatment can lead to reactivation of
CHB, even in patients with negative HBsAg, positive HBsAD,
and positive hepatitis B total core antibody (anti-HBc).
EASL guidelines recommend that these patients should be
treated with antiviral medication regardless of HBV DNA
levels during the entire course of immunosuppression, and
continued for at least 12 months after cessation of the immu-
nosuppressive agents.>> LAM is currently an accepted form
of treatment, as most studies were conducted using LAM,
but some reviews suggest using a higher potency agent such
as ETV or TDF for patients who will be immunosuppressed
for longer than 6 months due to the increasing risk of LAM
resistance over time.*®

Reducing risk of LAM anti-HBV
resistance

Taking a thorough history and knowing
the risk factors prior to prescribing
LAM treatment

The decision to start antiviral therapy in CHB is complex, and
influenced by many factors. Given that no antiviral treatment
fully eradicates HBV, knowing the resistance profile of each
medication is important when choosing a regimen. A thorough
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history should be obtained to quantify all risk factors. These
include the patient’s age (to determine potential duration of
treatment), access to health care including coverage for pre-
scriptions, laboratory testing, and clinic visits, and ability to
comply with medications. Baseline HBV DNA, HBV geno-
type, and HIV status should be checked. Treatment response
will need to be monitored with HBV DNA levels at regular
intervals, especially during the first 24 weeks.?

An accurate history of any prior treatment with LAM is
crucial in determining the likelihood of resistance and the
chance of response. Given that the rate of resistance increases
with treatment duration, the length of prior treatment courses
should be evaluated. As discussed before, 65%—80% of
patients who have taken LAM for 5 years develop resistance.
Any prior non-compliance with LAM should also be
documented, and the patient should be made aware of the
possibility of a poor response to treatment.

When to test for LAM resistance

at baseline

Testing for resistance at baseline can help predict response
to LAM, and therefore determine who is most appropriate
for treatment.'® This may be especially useful in those with a
prior treatment history, as their likelihood of LAM resistance
is significantly higher. However, some genetic studies sug-
gest that LAM resistance is not conveyed by specific point
mutations alone. It is possible that other regions of the HBV
genome are required to take advantage of mutations before
a virus can become a resistant strain. One study in particu-
lar recommended sequencing of the entire HBV genome
rather than looking for specific mutations, which may not
be cost effective or easily analyzed.?' Currently, none of the
guidelines recommend routine anti-HBV resistance testing
in the treatment naive population prior to starting HBV
treatment.

Appropriate use of LAM for HBV

treatment

The indications for treatment of HBV are discussed in the
AASLD practice guidelines, and apply regardless of the type
of medication chosen. LAM is no longer first-line therapy
in developed countries, including the United States. The
preferred agents are those with less risk of resistance, such
as ETV and TDF. While HIV co-infected patients were
once preferentially treated with LAM because of its dual
efficacy, LAM monotherapy is now avoided if there are other
resources available. This includes combination therapy with
LAM and ADV or Emtricitabine-TDF. LAM monotherapy

remains an option for patients with clinical indications for
treatment of HBV where LAM is the only agent available,
long-term access to medication is available and medical
compliance is assured.

Pre-treatment patient education

and close clinical follow-up

Studies assessing the benefit of patient education on compli-
ance have seen mixed results in the amount of improvement in
patient response. However, there is some evidence that patient
education helps, at least short-term,* and there is literature to
support the doctor-patient relationship and effective commu-
nication as useful tools in enhancing medication adherence.*’
Pre-treatment patient education can be conducted during a
clinic visit, is low cost, can present essential information to
patients in an easy to understand manner, and allows patients
to express their concerns. Patients should fully understand
the risks of the medication, the benefits to treatment, and the
risks of non-compliance before starting therapy.

During treatment with LAM monotherapy, the patient
should have HBV DNA levels and ALT checked at regular
intervals. HBV DNA should ideally become undetectable
by week 24. Failure to respond to treatment increases the
risk of resistance significantly. However, treatment should
not be terminated without an alternative regimen available,
as studies have shown that LAM still has efficacy, albeit
significantly reduced, in the setting resistance.?

Know the presentation

of LAM-resistance

This will be discussed in detail in the next section. The
initial presentation of LAM resistance is usually virological
breakthrough, with a rebound increase in HBV DNA levels.
This can be followed by biochemical breakthrough, with
elevation of ALT. More severe viral breakthrough can present
as acute flare, decompensation of preexisting cirrhosis, and
even fulminant hepatic failure.?

De novo LAM and ADV combination

treatment

Given the superior resistance profile, good safety profile
and once daily dosing regimen, ETV or TDF are now the
preferred first-line agents for treatment of CHB. In certain
clinical settings, including LAM failure and post-liver trans-
plant status, combination therapy has been found to improve
long-term efficacy of viral suppression.*' Although no large
trials have been completed yet, the combination of ADV
and LAM, given de novo, has compared favorably to LAM
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monotherapy and even been shown to be as good as ETV in
achieving virological and biochemical response.*** Given
that the largest study involved only 71 patients (31 LAM plus
ADV, 40 ETV) and treatment duration was only 48 weeks,
larger studies over longer periods of time are needed.

Available rescue therapies
for LAM anti-HBY resistance

A successful rescue therapy for LAM resistance relies on
knowledge of potential cross-resistance among HBV NAs.
As summarized in Table 1, resistance to LAM conveys
cross-resistance to LdT and ETV.!® LdT and LAM share
many of the same resistance mutations, so there is strong
cross-resistance between the two medications and LdT is not
recommended for rescue therapy by any of the guidelines.
LAM resistance also lowers the resistance barrier to ETV, to
the degree that even add-on ETV is not recommended, though
additional mutations are still needed after LAM resistance
develops. The lack of data showing cross resistance to TDF
is a significant reason why it is one of the first-line rescue
therapy regimens.!43

When LAM resistance develops, the treatment regimen
should be altered to try and prevent complications, such
as virological breakthrough, biochemical breakthrough,
acute hepatitis B flare, and progression of liver disease.
Multiple rescue therapies have been studied over the years, as

Table 2 Summary of rescue therapies in LAM resistant CHB

summarized in Table 2. The AASLD 2009 practice guidelines
update for management of CHB recommends either a combi-
nation of LAM and ADV, or a switch to TDF in the setting
of LAM resistant infection.> The EASL practice guidelines
stated that switching from LAM to TDF is the first-line rescue
therapy for LAM resistance, with the addition of ADV to
LAM as a second line option in case TDF is not available.*

Switch to adefovir

ADV was the first antiviral agent to be studied as rescue
therapy in the setting of LAM resistance, both in “add-on”
and “switch-to” strategies. Randomized controlled trials have
been conducted comparing add-on ADV with placebo (con-
tinuing LAM in both groups),”* with results consistently
showing improved virologic response in the ADV group
compared to the placebo group, decline in HBV DNA in a
significant number of patients, though HBeAg seroconver-
sion was similar in both groups.

ADV resistance can become a problem with long-term
monotherapy. One study separated 42 HBeAg negative
patients into treatment groups with add-on ADV therapy
(n = 28) and switch-to ADV therapy (n = 14). The rate of
virological and biochemical response, defined as undetectable
HBV DNA and ALT levels, respectively, was not statistically
significant between the two groups (90% of add-on and 71%
of switch-to patients). Response was maintained throughout

Rescue therapy Efficacy Concerns Clinical application
regimen

Switch to ADV Able to achieve virologic and biochemical ADV resistance with virologic Not recommended
monotherapy® response in a significant number of LAM breakthrough occurred in >20%

resistant patients®

Switch to ETV
monotherapy

Better than ADV monotherapy in reduction
of HBV DNA and normalization of ALT®4-

Add ADV to LAM
(ADV plus LAM)®

Similar to or greater efficacy compared to ETV
monotherapy; significantly less multidrug resistance

in multiple studies*

Virologic breakthrough due to Not recommended
development of ETV resistance

(8%—10%);°*%* not recommended

by treatment guidelines®*

Recommended, if

TDF not available

Requires access to and long-term
compliance with two medications

and virologic breakthrough compared to ADV and ETV
monotherapy; recommended by the AASLD and EASL
for LAM-resistant CHB (second line by the latter)®47-

Switch to ADV and
ETV (ADV plus ETV)
Switch to TDF
monotherapy

Highest rates of virologic and biochemical
response with almost no resistance®**
Switching to TDF from ADV in LAM resistant

CHB led to further improvement in HBY DNA
reduction;'****? recommended by the AASLD and

Fewest number of patients tested; High cost, may not

expensive be practical
Newest medication, may not be
as readily accessible globally; ADV

resistance reduces efficacy™”

Highly recommended

EASL for LAM-resistant CHB (first line by the latter);

similar price to ADV?%*

Notes: *‘Switch” implies stopping Lamivudine; *‘add on” implies continuing Lamivudine.

Abbreviations: AASLD, American Association for the Study of Liver Diseases; ADV, Adefovir; ALT, alanine aminotransferase; CHB, chronic hepatitis B; EASL, European
Association for the Study of the Liver; ETV, Entecavir; HBV, hepatitis B virus; LAM, Lamivudine; TDF, Tenofovir.
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the treatment duration (median 40 months) in the add-on
group, but 21% of the switch-to group developed virologic
and biochemical breakthrough with evidence of ADV resis-
tant mutations.*¢

The above results were corroborated in a retrospective
study, which collected data from 338 patients over a 5-year
period from a single center in the People’s Republic of China.
All had developed LAM resistance following monotherapy,
and were given any one of four rescue treatments: switch-to
ADV (n = 207), add-on ADV (n = 72), switch-to ETV
(n =50), and switch to combination ADV and ETV (n=9).
The incidence of drug resistance was highest in the switch-to
ADV group (24%) compared to switch-to ETV (18%),
add-on ADV (7%), and switch-to ADV plus ETV (0%). It
was difficult to compare between groups given the significant
differences in treatment groups, and the ADV plus ETV group
was likely underpowered. However, it supports a preference
towards add-on ADV therapy versus both switch-to ADV
and switch-to ETV therapy.”’” As ADV is not a preferred
monotherapy agent, switching to ADV is not recommended
by most guidelines.

Switch to entecavir

Switching LAM to ETV monotherapy carries a significant
risk of cross-resistance to ETV, similar to the risk of ADV
resistance with switch therapy. Although ETV has a superior
resistance and efficacy profile when used as monotherapy
in treating NA-naive patients with CHB,* and studies show
higher rates of undetectable HBV DNA and normalization
of ALT, even after 48 weeks, when compared to continuing
LAM monotherapy.®**3% In one study, nearly 8% of
patients with LAM anti-HBV resistant CHB developed
ETV resistance after switching to ETV monotherapy for
2 years.® A second study performed resistance monitoring
on patients taking ETV over 5 years for CHB. The study
population included 187 patients who had documented LAM
resistance. Cumulative probability of developing genotypic
ETV resistance was 6%, 15%, 36%, 47%, and 51% in years 1
through 5, respectively, with corresponding probabilities
of virologic breakthrough of 1%, 11%, 27%, 41%, and
43%.'° Therefore, ETV monotherapy is not a recommended
treatment option for LAM anti-HBV resistant CHB.

Addition of adefovir to LAM

There have been many randomized, controlled trials comparing
the addition of ADV to LAM with ADV monotherapy
and ETV monotherapy in anti-HBV resistant CHB.
As discussed above, comparisons of switch-to ADV

and add-on ADV showed higher rates of virological and
biochemical breakthrough among the latter group, as well
as lower rates of virological breakthrough and development
of ADV resistance. This is the reason why add-on ADV
is preferred over ADV monotherapy for LAM anti-HBV
resistant CHB.*¢47

Multiple studies have shown that add-on ADV therapy
has a higher rate of virological and biochemical response
compared to switch-to ETV therapy, including Zhao et al,
where the add-on ADV group showed a statistically
significant (P < 0.001) improvement in HBV DNA reduction
and normalization of ALT compared to the switch-to ADV
group after 12 months of treatment.*” Comparisons of results
in the add-on ADV group with those in the switch-to ETV
group showed similar degrees of reduction of HBV DNA at
6 months of rescue therapy, but add-on ADV became more
effective after 12 months compared to switch-to ETV.

Another retrospective study reviewed 104 patients
with genotypic LAM resistance and both virological
and biochemical breakthrough who underwent rescue
therapy with either switch to ETV (n = 24), switch to
ADV (n =44), or ADV add-on (n = 36). After 6 months of
rescue therapy, there was already a statistically significant
difference in achievement of undetectable HBV DNA in
the ADV add-on group (68.6%) compared to the switch-to
ETV group (33.3%, P=10.003). However, at 12 months, this
difference was no longer significant as both ADV add-on and
switch-to ETV groups began to show decreasing HBY DNA
levels. Switch-to ADV therapy was inferior to both. Rates
of normalization of ALT were similar, and not statistically
significant.”!

Although some randomized controlled trials directly
comparing ADV add-on to switch-to ETV showed no
statistically significant difference in rates of virological
and biochemical response,® the development of ETV
cross-resistance separated the two treatment regimens.
A meta-analysis of 3 randomized controlled trials and
3 cohort studies corroborated this data, with no statistical
differences in virological response, normalization of ALT
and HBeAg seroconversion at 48 weeks of treatment. The
rate of virological breakthrough was higher in the ETV group
(relative risk = 0.16, P < 0.0001).%?

Switch to adefovir and entecavir
combination therapy

Switching therapy to a combination of ADV and ETV showed
excellent virological and biochemical response rates with little
development of resistant virus strains. One study randomized
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91 patients with documented LAM resistant mutations
into treatment groups using ADV monotherapy (n = 29),
ADV add-on (n = 30), and ADV plus ETV combination
therapy (n = 32). Treatment duration was 24 months.
Mean reduction in HBV DNA in units of log,, TU/L was
—3.78, —4.92, and —5.58 for the switch-to ADV, ADV plus
LAM, and ADV plus ETV groups after 24 months of therapy,
respectively (P < 0.05). Achievement of undetectable HBV
DNA was only statistically significant at the 6 month point,
with ADV plus ETV having the highest rate at that point
(78% compared to 27.5% of ADV monotherapy and 57%
of ADV plus LAM patients). Normalization of ALT was not
statistically significant at either 6 or 12 month follow-up.
Virological breakthrough occurred in 8/29 (27.6%) patients
switched to ADV monotherapy, 4/30 (13.3%) patients who
had ADV added to LAM, and 0/32 patients in the ADV plus
ETV group (P < 0.05).%*

ADV plus ETV regimen has also been shown to be
superior to ADV plus LAM in direct comparison studies. For
example, in a single center randomized active-control trial
from Korea, 90 patients with lamivudine-resistant CHB with
HBV DNA > 2000 IU/mL after at least 24 weeks of ADV
plus LAM treatment were randomized into combination
therapy with ETV plus ADV (n=45) or continuation of ADV
plus LAM (n = 45) and treated for 52 weeks. Undetectable
HBV DNA levels were achieved in 13/45 (29%) of ETV
plus ADV patients compared to 2/45 (4%) of ADV plus
LAM patients (P = 0.004). Mean reduction of HBV DNA
inlog,, IU/mL from baseline was also significantly better in
the ETV plus ADV group (—2.2 versus —0.6 in the ADV plus
LAM group, P < 0.001). No genotypic mutations causing
resistance to ETV or ADV were detected in the ETV plus
ADV group.™

Switch to tenofovir monotherapy

TDF is a nucleoside analog structurally similar to ADV. It
was approved for treatment of CHB in 2008. Randomized,
controlled trials demonstrated superior efficacy of TDF
compared to ADV at reducing HBV DNA levels and
normalizing ALT, including the landmark phase 3 study
that included 286 HBeAg-positive patients and 375 HBeAg-
negative patients treated for 48 weeks. Successful viral
suppression, defined as HBV DNA < 400 copies/mL, was
more successful in the TDF treated groups compared to the
ADV treated groups of both patient populations (76% versus
13% with P < 0.01 among HBeAg-positive patients,
93% versus 63% with P < 0.01 among HBeAg-negative
patients).>® Based on these and other similar results, TDF

became the new first-line agent alongside ETV for nucleoside
naive patients with CHB.>*

Data for primary therapy was followed by smaller
studies evaluating TDF monotherapy as rescue therapy for
LAM resistance, particularly LAM resistance that did not
respond to ADV-based rescue regimens. Most of the earlier
research involved patients with HIV co-infection. A larger,
retrospective cohort study was conducted in 2010 with 131
HBYV infected patients who had poor response to either
LAM monotherapy, ADV monotherapy, or ADV plus LAM
combination therapy. Seventy of those patients (62%) had
LAM-resistant mutations and all were treated with TDF
monotherapy for 1-year. Mean baseline HBV DNA was 8.3
(range 4.1-9.7) log , copies/mL, and following treatment
mean HBV DNA was 3 (range 2.6—4.2). The probability of
achieving HBV DNA < 400 copies/mL was 100% with TDF
monotherapy, and 90% of patients without ADV resistance
achieved this after 1 year.”’

Another study, which was not randomized, treated
35 patients with LAM-resistant CHB with TDF and
18 patients with ADV. Among the TDF group included
21 patients with HIV co-infection, and five patients who were
status post-kidney transplant and on immunosuppression.
Mean reduction of HBV DNA in the TDF group after
48 weeks of treatment was —5.6 log,, copies/mL compared
to —2.5 log,, copies/mL in the ADV group (P < 0.001).
There was a statistically significant difference in the rate
of normalization of ALT after 48 weeks (85% TDF versus
57% ADV, P =0.008). LAM was continued for 1-year in the
HIV co-infected group; all other patients stopped LAM at
the beginning of treatment with TDF or ADV.*® A third study
retrospectively reviewed 106 patients with LAM-resistant
CHB on rescue therapy using either ADV monotherapy or
ADV plus LAM combination therapy. These patients had
been defined as suboptimal responders to ADV based on a
persistently detectable HBV DNA after 6 months of ADV
treatment. Eighteen were switched to TDF monotherapy, and
these patients demonstrated a statistically significant increase
in the rate of maintaining virological response (undetectable
HBV DNA) at 1-year follow-up (87.5% with TDF, 8.7% with
ADV, P < 0.001).”°

The only limiting factor to response to TDF was resistance
to ADV, which reduced probability of achieving HBV
DNA < 400 copies/mL from 100% to 52% (P < 0.001).%°
Patients with prior exposure to ADV and LAM-resistant CHB
requiring rescue therapy may need to be tested for resistance
to ADV prior to beginning TDFE. Cost may be an issue, though
the price of TDF is comparable to that of ADV.
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Summary

Although using LAM to treat CHB carries the risk of
resistance, the medication is still widely used throughout
the world due to its relatively low cost and high availability.
LAM resistance can lead to virological and biochemical
breakthrough in patients on this treatment, leading to
progression of liver disease. There are many factors that
can affect a patient’s risk for developing LAM resistance.
Understanding these is critically important, and all of the
precautions discussed above should be exercised to reduce
this risk, if LAM must be used as monotherapy for CHB.
Deciding on rescue therapy in the setting of LAM resistance
can be challenging, due to the risk of multidrug resistance.
At this time, adding ADV to LAM or switching to TDF
monotherapy are the first-line recommendations for rescue
therapy. Patients who have received ADV before may not
respond due to ADV resistance. Switching LAM to ADV and
ETV combination therapy also seems to be effective, but is
more costly and therefore not as strongly recommended.
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