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Introduction

Therapy of chronic hepatitis B remains a major clinical challenge. During many years interferon alpha was the
only medication available. Although it was shown to be effective in inhibiting viral replication and inducing
sustained HBe seroconversion in patients with favorable predictive factors (high ALT levels, low HBV DNA
levels, absence of immune deficiency), many patients infected with wild type strains are non responders and
those infected with pre-core mutants often relapsed after treatment withdrawal (1, 2). The development of
specific inhibitors belonging to the class of nucleoside analogs that inhibit the HBV polymerase has provided
new hope in the therapy of chronic hepatitis B (3, 4). Lamivudine, a L-dideoxycytidine analog, was developed
and registered worldwide because of its initial beneficial antiviral effect accompanied by improvement of liver
enzymes and liver histology (5, 6). However, due to the slow kinetics of viral clearance and the spontaneous
genome varibility, long-term treatment is associated with the selection of drug resistant mutants (7, 8).
Although, there are some controversies regarding the clinical severity associated with lamivudine resistance,
this has clearly slowed down the enthusiasm around lamivudine therapy. Fortunately, new inhibitors with
different mechanism of action and resistance profiles have been discovered and are being evaluated in
experimental systems and in clinical trials. Some of these compounds provide new treatment options as a
rescue of lamivudine resistance, or for de novo treatment. These different issues will be discussed in this
manuscript.

Diagnosis of Drug Resistance

As a practical guide for clinicians, viral resistance to antiviral therapy is defined by the rise in viral DNA levels
in serum during therapy, also defined as phenotypic resistance, and the selection of a mutation in the viral
polymerase gene, also defined as genotypic resistance (9, 10). This obviously implies that patient’'s
compliance to therapy is correct, which should be checked regularly with the patient. Usually, plasma
concentration of lamivudine in resistant patients is similar to that of patients without drug resistance (9). Up to
now, the rise in HBV DNA levels when a patient is taking his treatment is sufficient to diagnose viral
resistance. However, with the development of new drugs, it may be important in the future for clinicians to
obtain data on viral genome sequence to adapt treatment to the virological situation and avoid cross-
resistance.

As this is discussed in Dr Locarnini’s manuscript, viral genome sequence analysis will be important to
identify resistant strains to new drugs that will be defined by the selection of a given mutant that was not
detectable in the major viral species prior to therapy and not known in the consensus sequences derived
from data banks (Locarnini et al, J Hepatol, this issue). A more detailed definition of phenotypic resistance is
required in vitro in tissue culture, especially when a new mutation is identified. Up to now, the definition of
phenotypic resistance relied on the re-positivation of HBV DNA detected by hybridization assays, that have a

lower limit of detection of approximately 10°-10° copies/ml, after an initial drop at the beginning of therapy.
With the development of new quantitative assays for the detection of viral DNA that are more sensitive and

have a lower limit of detection equal to or below 102 copies/ml, it will be important to define the magnitude of
the rise in viral DNA that may have clinical consequences (9). The definition of genotypic resistance is
expected to change rapidly as new assays for viral genome sequence analysis will become available (line
probe assays, DNA chip, etc...) and will improve our knowledge of spontaneous viral genome variability and
selection of mutants by antiviral treatments (9, 11).



Interestingly, it was also observed in non responders a profile of primary resistance defined by the absence
of decline of HBV DNA down to the limit of detection of hybridization assays or by the lack of a significant
drop in viral DNA using the more sensitive PCR assays. This was first observed in patients receiving
famciclovir without the selection of viral mutants or genotype, suggesting that this phenomenon is due to a
defect of metabolism of the drug in its active metabolite in the infected liver (12). Rare observations have
also been made with lamivudine administration (9).

Prediction of viral resistance to lamivudine

Results of clinical trials of lamivudine for chronic hepatitis B have identified pretreatment factors predictive of
drug resistance : high body mass index, high liver inflammatory score index on liver biopsy examination, and
high serum ALT levels (5, 6).

Furthermore in our studies of patients presenting lamivudine resistance, we could show that pre-treatment
ALT levels higher than 3 times the upper limit of normal value, HBeAg positivity, HBV DNA levels higher than
1495 Meg/mL, and previous treatment with famciclovir, are predictive factors for a more rapid selection of
drug resistant mutants (9, 13). This was not surprising as HBeAg positivity and high HBV DNA levels are
markers of high viral replication which predisposes to the generation of viral genome mutations. The high
ALT levels reflects hepatocyte lysis and subsequent cell turn over which are thought to be critical factors
involved in the spread of the mutants in the infected liver (14). Furthermore, famciclovir administration may
pre-select for a B domain mutation that acts as a compensatory mutation for the C domain mutation
conferring resistance to lamivudine, explaining the rapid selection of the double mutation when the patient
received sequential treatment by famciclovir followed by lamivudine (13, 15). In another study, the incidence
of YMDD mutant was 76% at year 3 of treatment in HBeAg positive patients and only 10% at year 2.5 of
therapy in HBeAg negative patients (16). This was confirmed in an independent study that showed that the
rapidity of selection of YMDD mutant during therapy depends on pre-treatment ALT and HBV DNA levels as
well as on the pre-core sequence status (9).

On the other hand, several studies have identified the following factors that predict viral resistance after the

beginning of therapy. Despite the decrease in HBV DNA titer, when it remains higher than 103 copies/ml
(Cobas Amplicor HBV Monitor test, Roche diagnostics) after 6 months of lamivudine administration, 62.3%
of patients subsequently developed drug resistance while only 13% of those with HBV DNA levels lower than

102 had developed resistance (17). Moreover, several studies showed that using highly sensitive assays for
the detection of viral polymerase gene mutations it is possible to detect drug resistant mutants several
months prior to the rise in viral DNA titers (9) (and Lok et al, J Clin Microbiol in press, 2002).

Clinical severity of lamivudine resistance

As HBYV is not cytopathogenic by itself and liver damage results from the immune attack of the infected
hepatocytes, drug resistant virus - induced relapse of viral replication during therapy is not always associated
with arise in ALT levels. In the large phase lll trials of lamivudine therapy for 12 months, the incidence of drug
resistant mutants corresponding to the selection of mutations in the YMDD motif of the viral polymerase, was
14% in the Asian study, 31% and 32 % in the European and American studies (5, 6, 18). There was no
difference in ALT levels in patients with wild type polymerase sequence and those with the mutation in the
YMDD motif. After lamivudine cessation the incidence of polymerase mutants was analyzed in one study
which showed a decrease from 31% at the end of treatment to 21% 12 weeks later, suggesting the re-
emergence of wild type virus (18). In the Asian study there was no significant increase in ALT levels in these
patients, nor was there a deterioration in liver histology (6). In the US study, 43% patients with YMDD
mutation presented an histologic response compared to 63% patients with wild type sequence (5). As these
polymerase mutants are not cytopathogenic by themselves, as is wild type virus, the impact of these mutants
on immune mediated liver injury needs to be carefully assessed in longer clinical survey which may find a
slow and progressive deterioration of liver histology in these patients.

In one study of extended lamivudine therapy, the incidence of YMDD mutants was 14% at week 52 and 38%



at week 104. Median HBV DNA in these patients was lower than pre-treatment levels. The same was true for
ALT levels. Interestingly, 25% of these patients developed an ALT flare (> 2xULN), but ALT decreased in all
patients that were maintained on lamivudine therapy. HBeAg seroconversion was achieved in 23% of these
patients who continued lamivudine therapy, including HBV DNA loss and normalization of ALT levels by week
104 (19). However, the rate of HBeAg seroconversion in patients with lamivudine resistance was much lower
in other studies ranging from 0 to 1.25 % (9, 17). In rare cases, the selection of lamivudine resistant strains
was observed after anti-HBe seroconversion (17, 20).

In another study, 51 patients receiving an extended lamivudine monotherapy were followed for 3 years (21).
The incidence of YMDD mutants was 53% at week 156. 27% of these patients achieved HBeAg
seroconversion following the detection of the YMDD mutants. On the other hand 56% of the patients who
never presented a YMDD mutant achieved HBeAg seroconversion. Median HBV DNA and ALT levels
remained below the pre-treatment values over the 3 years of treatment. Nine patients with a polymerase
mutant had a liver biopsy sampling and examination at week 156; 5 showed an improvement compared to
baseline, 2 had no change and 2 had a deterioration.

Furthermore, some studies showed the possibility of clinical deterioration in these patients with ALT flares
(22), that were more frequent in patients with pre-core mutant infection (9, 23). In these studies, clinical
deterioration with ALT flares, or worsening of liver histology has been observed. The longitudinal study of 32
patients with YMDD mutants after at least 104 weeks of lamivudine therapy showed that 93.7% of them
showed elevation of ALT levels, 40.6% experienced acute exacerbation within 4 to 94 weeks after the
emergence of lamivudine resistant mutants. This incidence of acute exacerbation was much higher than in
patients without YMDD mutants (4.3%). Acute exacerbation was accompanied by hepatic decompensation
in 3 patients who subsequently recovered after HBe seroconversion. 75% of the patients with acute
exacerbation showed a subsequent HBe seroconversion (22).

In patients with pre-core mutant infection, lamivudine resistance may be associated in approximately 50% of
cases with acute exacerbation of the liver disease, that may lead in some cases to end-stage liver failure (9,
23).

In the setting of liver transplantation, a study showed that 6/14 patients with lamivudine resistance presented
a clinical deterioration of their liver functions (24), while other case reports described the occurrence of
rapidly evolving liver failure (25). In these patients with severe resistance, add-on therapy with adefovir, a
nucleotide analogue which is active on both wild type and lamivudine resistant strains, provides a new
treatment option to rescue these patients(26, 27).

From all these studies, it appears clear that lamivudine resistance may result in a significant number of cases
in the deterioration of liver disease. This should be weighed against the beneficial effect of lamivudine and
the risk of the natural history of the disease.

Treatment of lamivudine resistance Famciclovir was evaluated in lamivudine resistant patients. However, as
we learned thereafter from in vitro phenotypic studies that these viral strains are cross-resistant with both
famciclovir and lamivudine (28), this treatment strategy was not successful (9).

As treatment options for lamivudine resistance are available only since recently, lamivudine withdrawal has
been tried in patients with drug resistance. This led to the re-emergence of wild type sequence but
retreatment led to a more rapid reappearance of the drug resistant mutant, as this was previously shown with
famciclovir therapy (9, 13, 15, 16, 29). Therefore famciclovir resistant mutants clearly predispose to
lamivudine resistance either in add-on or switching strategies. In patients that are resistant to lamivudine,
although treatment withdrawal is followed by a take-over by wild type virus, re-introduction of lamivudine is
followed by a faster emergence of pre-selected lamivudine resistant viral strains.

Prior to the availability of adefovir dipivoxil, interferon alfa therapy has been tried to manage lamivudine
resistance in patients with progressing liver disease. Our group has observed that add-on interferon alpha
therapy with daily administration may control viral replication and liver disease activity (9). This may serve as
a basis to evaluate in further trials the efficacy of pegylated interferon alpha in this indication.



More importantly, results of in vitro evaluation showed that adefovir inhibits the viral reverse transcriptase
mutants that are resistant to lamivudine with IC50s comparable to that against the wild type polymerase viral
strains (28, 30, 31). Several studies have shown that, in patients presenting with lamivudine resistance,
administration of adefovir dipivoxil clearly induces a decrease in serum HBV DNA levels. The first
observations were made in the liver and kidney transplant settings, and in HIV-HBV coinfected patients (26,
27, 32). Then, clinical trials of adefovir dipivoxil administration either in addition to lamivudine or after a
switch from lamivudine to adefovir dipivoxil showed that adefovir dipivoxil exhibit a significant antiviral effect
with a 2 to 3 log drop in viremia levels together with an improvement in liver enzymes. After 24 weeks, there
was no difference in the evolution of viral load after treatment modification between the two treatment groups
(lamivudine plus adefovir dipivoxil versus adefovir dipivoxil alone) (Xiong et al, EASL 2002, Abstract, J
Hepatol). However, since these are preliminary data, the optimal treatment regimen of lamivudine resistance
Is not known currently. It remains to see whether one treatment arm may induce a more rapid normalization of
liver enzymes or liver functions, or whether the dynamic of replication of viral mutants may be different
depending on the treatment option. Moreover, it will be important to see whether the kinetics of viral
clearance are the same in patients with complex viral heterogeneity mixing pre-core mutants and lamivudine
resistant mutants. Furthermore, it was shown that administration of Adefovir dipivoxil for up to 3 years does
not select for viral polymerase resistant mutants (Delaney et al, EASL 2001, Abstract, J. Hepatol).

Other case reports have shown the limited efficacy of other antivirals such as ganciclovir, foscavir etc...
Emtricitabine and clevudine, both L-pyrimidine analogs, were shown in in vitro studies to be inactive against
lamivudine resistant strains which should limit their clinical utility in the rescue of lamivudine resistance(28,
33). It will be important to see the antiviral efficacy of entecavir, a purine analog, and of LdT in patients with
lamivudine resistance(34, 35).

Prevention of lamivudine resistance

The most important issue, when starting antiviral therapy, is to prevent drug resistance. As a rationale, the
use of inhibitors with different mechanism of action and different resistance profiles should be favoured in
clinical trials to obtain an additive or synergistic antiviral effect to limit the risk of emergence of drug resistant
strains (3). One study showed a potential beneficial effect of the association of famciclovir and lamivudine by
accelerating the kinetics of viral clearance compared to lamivudine monotherapy (36). However, the long-
term effect of the combination on the selection of drug resistant mutants was not studied. Trials combining
lamivudine with adefovir dipivoxil have started, but other combinations such as clevudine and emtricitabine
(37), or others with entecavir, etc... may follow the same rationale. This will be the next important step of the
management of chronic hepatitis B. Results of trials associating or combining sequentially lamivudine and
interferon alpha are discussed in another manuscript in this issue of J. Hepatol (Schalm et al). Some studies
but not all, suggest that the addition of interferon alpha to lamivudine either in association (38) or sequentially
(39) may decrease the rate of lamivudine resistance. This should be confirmed in further independent trials.

As lamivudine resistant strains are detected several weeks to several months prior to the rise in viral DNA or
ALT levels, another strategy that may be used while awaiting for the results of the above mentioned trials and
the general approval of adefovir dipivoxil, is to monitor closely viral resistance based on viral load and viral
genome analysis (9) (Lok et al, J Clin Microbiol, in press). This should allow clinicians to adapt antiviral
treatment by adding interferon alpha or adefovir dipivoxil in compassionate use programs, once viral
resistance is detected and before the exacerbation of the liver disease.

Conclusion and Perspectives

HBYV resistance to lamivudine is a frequent and significant therapeutical problem. With the results of clinical
trials and independent studies, clinicians have now a better knowledge of the incidence of drug resistance
and its clinical consequence. There are still many clinical questions to be answered regarding the predictive
factors of lamivudine resistance development and of the severity associated with viral resistance. New drugs
are being evaluated in experimental models and clinical trials. Among them, Adefovir dipivoxil is the more
advanced in clinical development and represents a very promising inhibitor that has been assessed in phase



1l trials and should be registered soon. It has an interesting antiviral profile with i) a potent activity against
lamivudine resistant strains which is useful as a rescue treatment of lamivudine resistance, ii) and the
absence of selection of drug resistant strains up to 3 years of therapy. As new progress has been made, we
have now not only the capacity to control lamivudine resistance but also many tools to detect and prevent
treatment failure. In this view, it will be important to determine the best strategy to prevent drug resistance
using combinations of nucleoside analogues such as lamivudine, adefovir, and others, with
immunostimulatory approaches based on pegylated interferon alfa, new therapeutic vaccines or others.
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Figure 1. Selection of cross resistant viral strains with famciclovir therapy followed by famciclovir and lamivudine
combination.

Panel A shows the evolution of viremia and ALT levels in a chronic hepatitis B patient who was nonresponder to interferon alphas
and received famciclovir. This was associated by an initial virological response followed by a viral breakthrough associated with
the selection of L528M mutation in the viral polymerase gene. Treatment was adapted with the addition of lamivudine which again
induced a virological response but was then associated with a rapid viral breakthrough. This was due to the rapid selection of a
double polymerase mutation L528M + M552V which was detected by clonal analysis prior to the rise in HBV DNA levels.

In panel B, cloning of viral polymerase sequences of pre-treatment strains and of strains resistant to the combination treatment in

pCMV-HBYV vectors showed that the pre-treatment strain was sensitive to lamivudine but that the double mutant was indeed
resistant to lamivudine.
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Figure 2. Selection of lamivudine resistance and rescue by adefovir dipivoxil administration.
The figure shows the evolution of ALT and virological markers in a patient who responded to lamivudine, seroconverted to anti-

HBeAb, but then presented a viral breakthrough associated with HBeAg reversion and an acute exacerbation of liver disease
which was rescued by the addition of adefovir dipivoxil.
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