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INTRODUCTION AND HISTORICAL VIEW

Hepatitis Be antigen-negative/hepatitis Be antigen, antibody-positive
(HBeAg-negative/anti-HBe-positive) chronic hepatitis B (CHB) was
first identified in the early 1980s [1-3]. At that time, interferon-alpha
was not yet available, while several other drugs were tried in CHB and
proved to have little if any therapeutic benefit. In the mid 1980s, when
conventional interferon-alpha became available for HBeAg-positive
CHB, its efficacy was also evaluated in HBeAg-negative liver disease
[4]. Four small randomized controlled trials (RCTs) of a short duration
were performed in Greece and Italy, where this form of CHB prevails
[3-7]. Although high end-of-treatment (EOT) response rates were
achieved in these early studies, most patients who responded during
therapy, relapsed soon after interferon was stopped. Thus the overall
sustained response (SR) rate was not promising [3, 4]. These early
“negative” treatment results in a disease that was generally viewed as
atypical and rare [5, 6], discouraged pharmaceutical companies and
most - but not all - clinical investigators from further studies on
interferon-based therapies in HBeAg-negative CHB [8]. At the same
time molecular biology made an impressive entry in the field of viral
hepatitis and in 1989 replication competent hepatitis B virus (HBV)
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mutants harboring a novel pre-core stop-codon which abolishes
HBeAg production were discovered in patients with HBeAg-negative
CHB [9-11] and explained, on a molecular basis, how HBeAg (a
marker of HBV replication) can be negative despite ongoing HBV
replication. These observations stimulated further research on several
aspects of HBeAg-negative CHB, including epidemiology and
treatment [12-15]. At present its frequency appears to be increasing
worldwide [12-14] and in the Mediterranean area of Europe as well as
in France and Germany HBeAg-negative type CHB represents 65-
95% of newly diagnosed cases of CHB [12, 14, Hadziyannis. (in
press), M. Manns and P. Marcellin, personal communication].

Treatment of HBeAg-negative CHB with conventional interferon
alpha has continued in the 1990s in certain centers in Greece and Italy
and longer treatment periods and higher interferon doses have resulted
in an increase in the SR rate, in HBsAg loss in a number of patients,
and improvement in the life threatening complications of the disease
over the years [16-18]. Thus interferon-alpha was recently
recommended as a first line therapy for HBeAg-negative CHB by the
European Association for the Study of the Liver (EASL) and Asian
Pacific Association for the study of the Liver (APASL). Pegasys, a
more potent pegylated compound of interferon-alpha-2a [19], is now
under evaluation for efficacy, safety and tolerability in HBeAg-
negative CHB in a large, multicenter, one year phase III trial (see
chapters in this volume by P. Marcellin and F. Bonino). However,
interferon-based therapies may be only applicable in clinical practice
in patients with compensated liver disease and, even with the best
results, a high SR is not expected [8]. On the other hand the practicing
physician now has access to oral nucleos(t)ide analogs, a new class of
potent antiviral agents, [6, 8]. These agents have already been given to
most subsets of patients with CHB, saving lives and revolutionizing
the treatment of many individuals particularly with severe and
advanced forms of viral B liver disease both in the pre- and post-
transplant setting.

The nucleoside analog era in HBeAg-negative CHB started with
lamivudine in 1999 [20], adefovir dipivoxil was introduced in 2003
[21], now includes entecavir [22], telbivudine [23-24] and other
compounds (see chapter by R. Esteban). The first two nucleos(t)ides
have already been approved for the treatment of CHB in the USA,
Europe and in most other parts of the world; entecavir has completed
Phase III registration trials and telbivudine is currently under
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evaluation in phase III pre-registration trials. The aim of all analogs is
the suppression of HBV replication by treatment courses of finite
duration (6 months to 2 years). However short-term treatment courses
with nucleoside analogs in HBeAg-negative CHB have been extended
to maintain effective HBV suppression by long-term and possibly
indefinite administration without the development of viral resistance
[26-27].

In this article the efficacy, safety, tolerance and other aspects of
short- and long-term anti-viral therapy with the two approved
(lamivudine and adefovir dipivoxil) and other non-yet approved
nucleos(t)ide analogs in the various subsets of patients with HBeAg-
negative chronic viral B liver disease will be critically reviewed. Some
evidence-based recommendations for therapeutic decision making in
clinical practice and of treatment strategies in the various settings of
HBeAg-negative chronic HBV infection and/or of liver disease are
also mentioned.

GENERAL REMARKS ON NUCLEOS(T)IDE ANALOGS IN
CHRONIC HEPATITIS B AND THEIR MODE OF ACTION

In the past few years several agents mimicking the structure of natural
nucleosides have been synthesized chemically. They are generally
referred to as nucleoside analogs but some are already phosphorylated
to their triphosphate counterparts and are therefore now specifically
defined as nucleotide analogs. Nucleoside analogs can be produced in
their natural D- but also in the unnatural L-configuration e.g. L-
deoxythymidine (LDT), and therefore they are also referred to as
enantiomers [6].

When nucleos(t)ides are incorporated into newly synthesized
DNA of HBV, they cause chain termination, thus inhibiting viral
replication. Some nucleoside analogs competitively inhibit the
polymerase of HBV either in its reverse transcriptase activity
(synthesis of HBV DNA from the pregenomic HBV RNA transcript)
or in its DNA-dependent DNA-directed activity (synthesis of the
positive DNA strand within core particles). Theoretically, nucleoside
analogs could also inhibit the amplification and replenishment of the
pool of covalently closed circular DNA (cccDNA) in the nuclei of
already infected hepatocytes as well as its formation in newly infected
cells. This activity has recently been well documented in congenitally
infected ducks treated by a combination of lamivudine and a
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deoxyguanosine pro-drug and has been found to be dependent on the
cell cycle phase [6, 25].

Despite the potency of several oral nucleotide analogs against
HBYV and the supposedly low rate of viral resistance even after long-
term administration, none has been found to posses the properties and
clinical characteristics of an ideal anti-HBV agent. In fact few, if any,
HBeAg-negative CHB patients treated with finite courses of
nucleoside achieve sustained virologic and biochemical remission [12,
27]. Thus, the present goal of treatment of HBeAg-negative chronic
viral B liver disease with already approved and newer nucleoside
analogs is effective and continuous suppression of HBV replication
without the development of viral resistance based on various long
lasting or even indefinite regimens [12, 26-28].

PREREQUISITES FOR INITIATING TREATMENT IN
HBEAG-NEGATIVE CHRONIC HEPATITIS B

A number of criteria must be met concerning the diagnosis,
differential diagnosis and severity of liver disease before initiating
treatment of HBeAg-negative chronic viral B liver disease.

Safe diagnosis

For a diagnosis of HBeAg-negative CHB to be made, patients must
have chronic HBV infection with documented HBsAg seropositivity
and HBeAg negativity (usually positivity of anti-HBe as well) for at
least 6 months, preferably one year; persistent or intermittent
elevations in alanine aminotransferase/aspartate aminotransferase
(ALT/AST) activity, detectable serum HBV DNA exceeding 105
copies/mL at least once in the last 3 month period and >grade 3
necroinflammation on liver biopsy [3, 4, 12, 13, 29]. Other
concomitant or superimposed causes of liver disease should also be
absent.

Differentiation from the inactive HBsAg carrier state

The serological profile of HBeAg-negative CHB i.e.
“HBsAg(+)/HBeAg(-)/anti-HBe(+)” is identical to that of the inactive
HBsAg carrier state. Moreover, several patients with HBeAg-negative
CHB exhibit an intermittent rather than a continuous pattern of
biochemical activity, sometimes with quite long-lasting intervening
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periods of biochemical and even virologic remission [30, 31]
mimicking the inactive HBsAg carrier state. Therefore, differentiation
between these two conditions may require follow—up [30-32]. In
studies with frequent assays of ALT/AST and of serum HBV DNA
levels, major fluctuations in viremia and serum aminotransferase
levels have been observed in more than 40% of untreated HBeAg-
negative CHB cases [10, 30-31]. In this context an arbitrary serum
HBV DNA level of 10° ¢cP/mL has been suggested as a cut-off point
for differentiation between patients with HBeAg-negative CHB and
inactive HBsAg carriers [7]. However, several patients with HBeAg-
negative CHB may have serum HBV DNA levels below 10° cP/mL at
certain moments [32, 33]. According to our data, 20-30% of patients
with histologically documented HBeAg-negative CHB, first present
with normal ALT levels and low HBV DNA values below the cut-off
level of 10° and even of 10* copies/mL, and may initially be
misclassified as inactive HBsAg carriers [29, 30]. Thus,
HBsAg(+)/HBeAg(-) individuals should be followed-up clinically,
have frequent ALT assays and in case of increasing ALT levels be
further tested for serum HBV DNA levels and considered as possible
candidates for anti-viral therapy [26].

Severity of liver disease

Untreated HBeAg-negative CHB often runs a progressive course
frequently terminating in cirrhosis and portal hypertension, liver
failure and/or hepatocellular carcinoma [3, 34, 35]. On the other hand,
patients with histologically minimal or mild HBeAg-negative liver
disease and usually minimal ALT elevations may run a non-
deteriorating or a very slowly progressive course, never reaching
cirrhosis. Thus, considering the cost of long-term nucleos(t)ide analog
therapy and the frequent development of viral resistance, at least with
lamivudine treatment [21, 29, 36-38], the decision to treat or not to
treat patients with HBeAg-negative CHB should be based on liver
histology [26, 27, 29, 39]. Thus, in patients with minimal or mild liver
disease, initiation of treatment is not usually recommended unless
serum chemistries and liver necroinflammation/fibrosis deteriorate.

Previous treatment with interferon

In the absence of overt cirrhosis, patients with HBeAg-negative CHB
may first be treated with an interferon course of a finite duration [7, 8,
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31], probably pegylated interferon-alpha-2a for one year [41], thus
providing a chance for sustained remission. If patients fail to respond
to a first or second course of interferon treatment, if they are reluctant
to be treated or retreated by interferon, if their liver disease has already
advanced to de-compensated or clinically overt cirrhosis or if
interferon is contraindicated for any reason, then long-term therapy
with nucleoside analogs unequivocally becomes the treatment of
choice.

GOALS AND END-POINTS OF THERAPY IN HBEAG-
NEGATIVE CHRONIC HEPATITIS B

In HBeAg-positive CHB, sustained seroconversion of HBeAg to anti-
HBe is considered to be a reliable end-point [7]. However, loss of
HBeAg and seroconversion to anti-HBe are not applicable to HBeAg-
negative/anti-HBe-positive CHB. Biochemical and virologic remission
during a course of therapy that is sustained after stopping treatment, is
considered to be a viable goal in approximately 25% of HBeAg-
negative patients treated by interferon [16-18]. In several such
responders, loss of HBsAg may also follow [16, 31]. Moreover, in
observational studies with long-term follow-up, a reduced risk of the
development of liver de-compensation and/or HCC, as well as
improved survival have been reported [17, 35]. However, the goal of a
sustained response is rarely if ever achieved with finite courses of
nucleoside analog therapy lasting for 1, 2 or even 3 years [13, 38].
Thus, very long-term or even indefinite nucleoside analog treatment to
maintain effective HBV suppression without viral resistance appears
to be the next therapeutic alternative in HBeAg-negative CHB [16, 26-
28]. It remains to be seen whether or not, at what frequency and with
which regimens and compounds, sustained virologic responses can be
achieved after stopping successful very long-term (for 5 and more
years) nucleoside analog therapy.

A NOTE ON THE DEFINITIONS AND VOCABULARY OF
RESPONSE TO TREATMENT

In both HBeAg-positive and HBeAg-negative CHB, virologic and
biochemical responses can be evaluated during therapy (on-therapy
responses) or after discontinuation of therapy (off-therapy or sustained
responses) [13, 42]. In particular, on-therapy responses may be

274



Nucleos(t)ide Analogs in HBeAg-Negative Chronic Hepatitis

subdivided into initial (achieved within the first months of therapy),
maintained (persisting throughout the course of therapy), and end-of-
therapy (evaluated at the end of a course of therapy with defined
duration) [42]. Biochemical responses are defined by decreases in
ALT/AST to the normal range, while virologic responses, preferably
evaluated by qualitative polymerase chain reaction (PCR) assays, are
arbitrarily considered to be achieved when serum HBV DNA levels
fall below 10° cP/mL [5, 7, 13]. In particular in HBeAg-positive CHB,
a virologic response also requires loss of HBeAg and seroconversion
to anti-HBe. Although serum HBV DNA levels of 10°cP/mL are
currently used in many definitions of a virologic response [7],
effective HBV suppression is probably achieved when serum HBV
DNA levels drop below 400cP/mL or even 200cP/mL which are the
cut-off levels of the Roche Monitor assay or of most in-house real
time PCR assays [43]. A response is defined as complete when a
biochemical and virologic response is accompanied by loss of HBsAg
[16, 42]. When virologic and biochemical responses are maintained
for several months, histologic improvement can also be demonstrated
and is usually being defined as a reduction of the necroinflammatory
Histology Activity Index (HAI/Knodell) score by >2 points without
worsening in fibrosis [7, 13].

TREATMENT OF HBEAG-NEGATIVE CHRONIC HEPATITIS
B WITH LAMIVUDINE (LAM)

Lamivudine (3TC or (-)-2°,3’-dideoxy-3’-thiacytidine), which was
begun for the treatment of CHB in the late nineties, is a safe drug with
rare and generally mild side-effects [44].

In patients with HBeAg-negative CHB, a 12-month course of
LAM at a daily dose of 100-150mg has been shown to provide initial
biochemical and virologic responses even by sensitive PCR assays in
more than two thirds of patients [20, 37]. Unfortunately, biochemical
and virologic relapses are observed in the vast majority of patients
after stopping a 12-24 month lamivudine course [45, 46]. Given its
excellent tolerability and safety profile, long-term treatment with
lamivudine could be an acceptable, beneficial maintenance therapy in
HBeAg-negative CHB. Unfortunately in clinical practice only 30-40%
of patients remain in remission after the third year of lamivudine
monotherapy without developing viral resistance [37, 38, 42].
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Virologic breakthroughs under LAM monotherapy in CHB
usually develop after the first 6 months of treatment [45, 47] and if
therapy is extended their rate increases progressively, reaching
approximately 60% at the end of the 3rd year in both HBeAg—positive
and HBeAg-negative CHB [38, 45, 47]. Although several questions
were initially raised about the clinical significance of LAM resistance,
it is now quite clear that in patients with HBeAg-negative CHB its
development is almost invariably followed by increasing viremia
levels ending in biochemical breakthroughs [37], which ultimately
have an adverse effect on liver histology [47]. Breakthroughs may be
quite severe and this becomes of particular concern in patients with
advanced liver disease and cirrhosis since it may lead to liver
decompensation and death regardless of HBeAg status [38]. Finally it
should be noted that the LAM resistant mutation M204I, which
develops quite frequently in HBeAg-negative CHB patients of
genotype D [37, 47], also appears to be resistant to treatment with
some newer nucleoside analogs that are active against other LAM
resistant HBV strains [6, 22-24]; but fortunately it remains sensitive to
ADV (Hadziyannis S., unpublished).

Another disadvantage of lamivudine therapy for HBeAg-negative
CHB is that, as previously mentioned, no course of finite duration has
been shown to achieve sustained off-therapy responses in a sizeable
proportion of patients and that the optimal duration of therapy remains
currently unknown [38]. For example, it is noteworthy that most
Greek patients with HBeAg-negative CHB, who have discontinued
effective LAM therapy after 3-5 years duration have virologic and
biochemical relapses [SJ Hadziyannis. unpublished].

TREATMENT OF HBEAG-NEGATIVE CHRONIC
HEPATITIS B WITH ADEFOVIR DIPIVOXIL

Adefovir is an acyclic nucleotide analog with strong inhibitory activity
for HBV replication and other viruses [6, 48]. It is administered orally
in the form of its prodrug adefovir dipivoxil (ADV) and is
commercially available under the trade name Hepsera. ADV is
adefovir esterified with two pivalic acid molecules and has good oral
availability [49]. It is rapidly converted to adefovir in plasma and
tissues, has a plasma half-life of 5-7 hours and 90% of the drug is
excreted in urine within 24 hours [6]. After being transported
intracellularly by a receptor-based mechanism, adefovir is
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phosphorylated to its diphosphate form, which is an analog of
deoxyadenosine-5’-triphosphate but without a 3’-hydroxylic root.
Therefore, it results in competitive inhibition of DNA synthesis by
DNA polymerases and reverse transcriptases [50-51]. ADV has been
shown to have no significant interaction with other drugs [6, 51] and
the 10mg/day dose is very well tolerated with a safety profile similar
to placebo [21, 52]. A higher daily dose of 30mg was found to be
associated with an increased risk of renal damage without a significant
increase in efficacy [52]. Thus, the approved ADV dose for CHB is
10mg/day, which can be safely administered even in patients with
hepatic or mild renal impairment. However, dosing interval
adjustments are recommended for patients with creatinine clearance of
<50mL/min and in patients requiring hemodialysis [53-54].

ADV therapy was approved in 2002 for the treatment of all
subgroups of chronically HBV infected patients with active viral
replication and evidence of liver damage, who require therapeutic
intervention: patients with CHB or decompensated HBV cirrhosis or
HBV transplant patients, irrespective of HBeAg status and of the
development of LAM resistance.

Efficacy, safety and tolerance

ADV monotherapy, at a dose of 10mg once a day, has been evaluated
in a multicenter, randomized, double-blind, placebo-controlled trial
including 185 patients with HBeAg-negative [21]. ADV was
significantly more effective than placebo for all end-points. At 48
weeks, histologic improvement occurred in 64% of patients treated
with ADV compared to 33% of those treated with placebo (P<0.001).
ADV was also found to effectively suppress virologic and biochemical
activity, reducing HBV DNA levels by approximately 4 logs and
normalizing ALT in 72% of patients during the first 48 weeks of
therapy [21].

Long-term extension of this trial has provided further information
on the safety and efficacy of ADV therapy in HBeAg-negative CHB
[28, 39]. During the second and third year on-therapy biochemical and
virologic responses were maintained without any significant toxicity
[28, 39] and with infrequent and late development of viral resistance.
At the end of the second and third years of therapy, serum HBV DNA
levels were undetectable by PCR in 71% and 79% of ADV treated
patients respectively and ALT remained normal in 73% and 69% [28,
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39]. Liver biopsies performed at week 96 in a subset of the overall
cohort of this study suggested that an additional histological benefit is
obtained if the duration of ADV treatment is extended [28].

This ongoing trial on the course of HBeAg-negative CHB also
provided important information concerning results after stopping
ADV treatment. Approximately one fourth of the total patient
population in the trial (one third of the patients initially treated with
ADV) switched to placebo after the first year of therapy. Most of them
experienced biochemical and virologic relapses as well as reversal of
the histologic improvement obtained during the first year of active
treatment. Moreover, post-treatment flares in serum ALT levels were
seen in some patients after stopping ADV [28]. Although these events
were probably self-limiting and not associated with hepatic
decompensation, they nevertheless stress the need for careful
monitoring of patients who stop ADV therapy.

HBY resistance

There are two recognized ADV resistant HBV mutants, the rtN236T
and the rtA181V [40, 56]. The rtN236T mutation is the most frequent
and is associated with a selection of a novel asparagine to threonine
substitution at residue rt236 in domain D of the HBV polymerase. It
should be noted, however, that the incidence of ADV resistant
mutations is delayed and infrequent, with a cumulative probability of
0% after 48 weeks, 2% after 96 weeks and 3.9% after 144 weeks of
ADV therapy [39-40].

Patients developing the rtN236T mutation experience rebound in
HBV DNA of >1 log;y from nadir with an increase in ALT activity
[40]. The model structure of the reverse transcriptase of HBV suggests
that the side chain of the rtN236T mutant may have a more favourable
interaction with the gamma-phosphate of dATP compared to adefovir
diphosphate, thus providing selectivity against adefovir diphosphate
versus the natural substrate. The rtN236T mutation results in >60%
reduction in the replicative capacity of HBV, but it is susceptible to L-
deoxythymidine (LdT) and entecavir in vitro and fully susceptible to
lamivudine both in vitro and in vivo. The significance of the rtA181V
mutation is not clear and needs to be further characterized.
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Efficacy of ADV in patients with LAM resistance

ADV monotherapy is effective in all subsets of patients with
resistance to LAM [42, 57, 58] with similar antiviral efficacy against
all LAM resistant HBV mutants, as well as in cirrhotic and transplant
patients irrespective of their HBeAg status [59-63]. In 95 LAM
resistant CHB patients who continued to take this drug, virologic
responses at 48 weeks (defined as reduction in serum HBV DNA
levels to <10°cP/mL or >2 log,o) were observed in 85% (39/46) of
those who received additional ADV therapy and in only 11% of those
who received placebo (P<0.001). Normalization of ALT was achieved
in 31% and 6% of the cases respectively (P=0.002) [62]. In a large
study including 324 HBV decompensated cirrhotics (n=128) or
transplant patients (n=196) with resistance to LAM, the addition of
ADV resulted in a significant reduction in serum HBV DNA levels,
frequent normalization of liver function tests and improvement in
Child-Pugh score (>90% of patients in both cohorts) [61]. Similar
findings have also been reported in studies including fewer patients
[59, 60, 62, 63]. These observations have been further analysed and
commented on in relation to combination therapy both as an initial and
rescue treatment to optimize efficacy and avoid the problem of
multiple drug resistance [64-69].

The question of whether CHB patients with resistance to
lamivudine should be switched to ADV monotherapy (immediately or
after a period of concurrent LAM therapy) or receive long-term
combination therapy with ADV and LAM is still debatable, primarily
because of the high cost of combination therapy with oral nucleoside
analogs. However, in patients with severe liver disease the financial
cost should not be a criterion since the benefit can mean saving a life
[69].

TREATMENT OF HBEAG-NEGATIVE CHRONIC HEPATITIS
B WITH NEWER NUCLEOSIDE ANALOGS

Several nucleoside analogs are currently under evaluation for efficacy,
safety and tolerance in phase II and III trials either alone or in
combination in various types of chronic HBV infection including
HBeAg-negative CHB. Those in advanced pre-registration stages
and/or the most promising drugs appear to be entecavir, telbivudine,
emtricitabine, clevudine, and tenofovir [43]. Advantages of these
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newer compounds over LAM and ADV in the short- and long-term
treatment of CHB have been claimed on the basis of more profound
and more rapid [6, 55] suppression of HBV replication. However, the
actual frequency of HBV resistance during long-term administration
of the newer nucleoside analogs is still unknown; but a resistance
threshold as high as that of adefovir cannot be really expected.
Moreover the resistance profile of most new nucleoside analogs does
not appear to be much different from that of LAM, and, therefore,
cross-resistance in the treatment of lamivudune failures should be
anticipated. Finally the antiviral efficacy of entecavir in LAM resistant
mutants has been reported to be associated with baseline YMDD
mutations [22] while telbivudine has been found to be inactive against
rt M2041 which is the predominant LAM mutant in HBeAg-negative
CHB genotype D [47].

CONCLUDING REMARKS

The combination of a high rate of HBV replication with a slow death
rate of HBV infected hepatocytes suggests that in chronic HBV
infection, long-term treatment with potent antiviral agents will usually
be required. This seems to be particularly true for HBeAg-negative
chronic hepatitis B where the success of finite courses of interferon-
alpha therapy has been limited [12, 13, 55] Treatment with the
currently available nucleoside analogs has clearly confirmed that this
is indeed the case. However, long-term nucleoside analog treatment,
though initially quite effective in most HBeAg-negative patients, now
faces the problem of a progressive decrease in efficacy because of the
development of high rates of HBV resistance. In HBeAg-negative
CHB patients, long-term monotherapy with lamivudine the first oral
nucleoside analog approved for the treatment of HBV infection, only
remains effective for more than 3 years in 30-40% of treated patients.
Virologic and biochemical breakthroughs during long-term LAM
treatment in HBeAg-negative CHB, destroy the benefit gained during
the earlier periods of treatment. Moreover, such breakthroughs and
relapses can be quite severe and even life threatening, particularly in
patients with advanced liver disease and overt cirrhosis, thus raising
major concerns on the suitability of long-term LAM therapy in such
clinical settings. Long-term monotherapy with adefovir dipivoxil
(ADV, Hepsera), the second nucleoside analog approved for the
treatment of hepatitis B, is effective in more than two thirds of
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HBeAg-negative patients with CHB at least for the first 3-4 years with
rare and delayed appearance of HBV resistance . Moreover it has been
shown to be effective against both wild type and LAM-resistant HBV
strains as well as against all HBV genotypes either with a positive or
negative HBeAg phenotype [65]. Currently the high cost of ADV
remains its major drawback, otherwise it would already have
completely replaced the use of LAM in most parts of the world and in
all settings of HBeAg-negative chronic viral B liver disease. However,
based on the lessons learnt for the treatment of HIV infection,
practicing clinicians know that the use of “monotherapy” with any
nucleoside analog is not the best way for a long-term/indefinite
suppression of HBV replication. Combinations of drugs with
complementary mechanisms of antiviral activity and different HBV
resistance profiles [66, 67] (such as adefovir or tenofovir in
combination with telbivudine or entecavir or lamivudine or
emtricitabine) may soon prevent the development of HBV resistance
and/or induce sustained virologic responses.
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