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Abstract

Background Lamivudine monotherapy is effective in suppressing hepatitis B virus (HBV)
replication to undetectable levels by PCR, in ameliorating liver disease and to some extent in
achieving HBsAg seroconversion. This study aimed at assessing the virological and biochemical
responses as well as breakthrough in HBeAg-negative chronic HBV (CHB) Egyptian patients
receiving lamivudine therapy.

Methods This retrospective study included 140 CHB patients with positive serum HBV-DNA
by quantitative PCR assays and negative HBeAg who had never received prior anti-viral therapy
for HBV. According to duration of lamivudine therapy (100 mg/day) patients were grouped into:
group I (n=59) who received lamivudine for 1 year, group II (n=50) who received lamivudine for
2 years, and group III (n=31) who received lamivudine for 3 years.

Results In group I, 76.3% patients had virologic response but this was reduced in group II and
group III to 72% and 67.7% respectively. None of the patients in group I developed virologic
breakthrough, whereas 12% and 25.8% in groups II and III respectively developed breakthrough.
In group I, 25% of patients having high pre-treatment viremia showed virologic response
compared to 84.6% and 83.3% having mild and moderate viremia respectively (P<0.01). However,
in groups II and III, there was no significant relationship between pre-treatment viremia and
virologic response. No significant relationship was found between pre-treatment viral load and
incidence of breakthrough within each group.

Conclusion Lamivudine remains one of the antiviral therapies for HBeAg negative CHB patients.
The rates of maintained virologic and biochemical responses to lamivudine decrease in time due
to selection of drug-resistant mutants and, hence, breakthrough.
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Introduction

Approximately one third of the worlds population has

high, intermediate and low prevalence of HBV infection based
on prevalence of HBsAg carriers of >8%, 2-7%, and <2%
respectively [3].

serological evidence of past or present infection with hepatitis B
virus (HBV) [1]. An estimated 350 million persons worldwide
are chronically infected with HBV [2]. The global prevalence
of HBsAg varies greatly and countries can be defined as having
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Studies in the Middle East showed that the prevalence of
HBsAg ranges from 3% to 11% in Egypt and genotype D is the
most prevalent genotype [4,5]. A decrease in HBV incidence
is expected among children in intermediate-endemicity
countries (3-5% HBsAg prevalence), such as Egypt, where 90%
immunization coverage has been achieved [6].

The aim of treatment of chronic HBV (CHB) patients is
to achieve sustained suppression of HBV replication and
remission of liver disease. The ultimate goal is to prevent
cirrhosis, hepatic failure and hepatocellular carcinoma
(HCC). Parameters used to assess treatment response
include normalization of serum alanine aminotransferase
(ALT), decrease or disappearance of serum HBV DNA level,
loss of HBeAg with or without detection of anti-HBe, and
improvement in liver histology. In patients with treatment
maintained viral suppression, necroinflammation is reduced
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and decrease in fibrosis score as well as regression of cirrhosis
was observed [7].

Approved antiviral therapies for CHB patients include
standard interferon (IFN), Peg IFN and nucleoside/nucleotide
analogues (NUCs) including lamivudine, adefovir dipivoxil,
tenofovir, entecavir and telbivudine [8]. A major concern with
long-term NUCs treatment is the occurrence of antiviral-
resistant mutations. The rate at which resistant mutants occur
is related to pretreatment serum HBV DNA level, rapidity of
viral suppression, type and duration of treatment, and prior
exposure to NUCs therapies [9].

Emergence of antiviral-resistant mutations (virologic
breakthrough) can lead to negation of the initial response, and
in some patients to hepatitis flares and hepatic decompensation.
Antiviral-resistant mutations can be detected months and
sometimes years before biochemical breakthrough [10].

The aim of our study was to assess the virological and
biochemical responses as well as breakthrough rates in HBeAg-
negative CHB Egyptian patients receiving lamivudine therapy.

Patients and methods

This is a retrospective study that included 140 CHB patients,
diagnosed by persistent seropositivity for HBsAg more than
6 months with positive serum HBV-DNA by quantitative PCR
assays and negative HBeAg and who had never received prior
antiviral therapy for HBV.

They were scheduled for lamivudine (100 mg/day) in the
Hepatology clinic of the National Hepatology and Tropical
Medicine Research Institute (NHTMRI) in Cairo for at least
one year up to 3 years during the period from August 2008 to
July 2011 to assess the virological and biochemical responses.
This study has been carried out in accordance with The Code
of Ethics of the World Medical Association (Declaration of
Helsinki) for experiments involving humans. Patients were
randomly (computer based) grouped into: Group I: 59 patients
who received lamivudine (100 mg/day) for 1 year; Group II: 50
patients who received lamivudine (100 mg/day) for 2 years; and
Group III: 31 patients who received lamivudine (100 mg/day)
for 3 years.

Inclusion criteria: 1) adult male or female patients (>18 years
old); 2) positive serology for HBsAg for more than 6 months;
3) positive serum HBV- DNA by quantitative PCR assays;
4) negative serology for HBeAg; and 5) normal serum creatinine.

Exclusion criteria: 1) co-infection with hepatitis C virus
(HCV); 2) positive serum anti-HBc IgM; 3) HBeAg positive
patients; 4) patients who had received prior antiviral therapy
for HBV; 5) patients having stigmata of liver cell failure e.g.,
ascites, encephalopathy; 6) pregnancy or breast feeding;
7) patients with organ transplants; and 8) patients receiving
steroids and/or immunosuppressive drugs.

With approval of the ethics committee (after informed
consent, history taking and complete physical examination) all
patients were subjected to: 1) CBC, prothrombin time and INR;
2) liver biochemical profile: aspartate aminotransferase (AST),
ALT, alkaline phosphatase (ALP), serum total and indirect
bilirubin and serum albumin; 3) serum urea and creatinine;
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4) anti-HCV antibodies (screened by 3™ generation EIA);
5) HBsAg, anti HBcAb IgG and IgM, HBeAg and anti HBeAb;
6) quantitative PCR of HBV-DNA; 7) abdominal ultrasound.

HBV DNA was assessed by sensitive quantitative PCR, using
the COBAS Amplicor HBV Monitor test (Roche Diagnostics,
Mannheim, Germany), according to the manufacturers’
instructions. Nucleic acid extraction was done from serum
samples that were stored at -80°C. Prepared DNA was subjected to
amplification using PCR. Serum HBV-DNA levels are expressed
in TU/mL to ensure comparability between the assays. The lower
limit of detection was 12 IU/mL. In general, an IU is equivalent to
approximately 56 copies depending on the assay [11-13].

Evaluation of response to antiviral therapy and follow up
was done (every six months) using the following parameters:
1) serum transaminases (AST and ALT every 3-6 months);
2) HBsAg and anti HBsAb; 3) quantitative HBV-DNA assay
using PCR; 4) a-fetoprotein level; 5) serum urea and creatinine;
and 6) abdominal ultrasound.

HBV DNA was done every six months from the start of
therapy, as AASLD guidelines 2009 stated that “Primary non-
response is decrease in serum HBV DNA by <2 log10 ITU/mL
after at least 24 weeks of therapy” [14].

Virologic response to NUCs (e.g. lamivudine) was
defined as undetectable HBV-DNA by real-time PCR assay
with therapy [15]. Virologic breakthrough was defined as
increase in serum HBV DNA by >1 log" (10-fold) above
nadir (lowest value) after achieving virologic response, during
continued treatment [1]. The patients responding to treatment
continued to receive lamivudine, and patients who developed
breakthrough were shifted to entecavir as it is available in the
NHTMRI. Entecavir was given with a dose of 1 mg as they were
not nucleoside naive patients.

It is concluded that, after lamivudine resistance, the first
option is to add adefovir or tenofovir, and the second choice is
to stop lamivudine and start entecavir [14]. So, entecavir was
chosen as it is the available drug in the NHTMRL

Statistical analysis

Data were explored for normality using Kolmogorov-
Smirnov test of normality. The results of Kolmogorov-Smirnov
test indicated that some data were normally distributed
(parametric data) and some were not normally distributed
so both parametric and non parametric tests were used for
comparisons accordingly.

Comparison between quantitative variables was carried
out by the Student’s t-test of two independent samples.
Repeated measures analysis of variance (ANOVA) test
was used instead of t-test when comparing more than two
groups of independent variables. Comparison between non
parametric quantitative variables was carried out by Mann-
Whitney U test. Kruskal-Wallis test was used when comparing
between more than two groups of independent variables. The
percentage change for ALT level was calculated as follows:
level (after) - level (before) /level(before) x 100.

Comparison between qualitative variables was carried out
by Chi-Square test (x?). Fisher’s exact test was used instead
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of Chi-square test when one expected cell or more to be <5.
Binary correlation was carried out by Pearson correlation test.
Results were expressed in the form of correlation coeflicient (R)
and P-values. The results were assessed as P-value that was
differentiated into: non-significant when P-value >0.05,
significant when P-value <0.05, highly significant when
P-value <0.01. Analysis of data was performed using SPSS 17
(Statistical Package for Scientific Studies) for Windows.

Results

This study included 120 males and 20 female patients with
a male: female ratio of 6:1. Group I included 53 males and
6 females, group II included 40 males and 10 females and
group 1T included 27 males and 4 females. The mean age in the
whole studied population was 34.41+7.92 years. The mean age
in group I was 34.69+7.50 years, in group II it was 33.66+8.57
years and in group III it was 35.06+7.78 years. The age or sex
showed no significant difference among the 3 groups (P>0.05).

The mean pretreatment ALT was 56.36+36.18 IU/L in group
I, 50.00+45.83 IU/L in group II and 59.39+54.79 IU/L in group
II1. While the mean post treatment ALT was 37.86+24.79 IU/L
in group I, 37.24+26.28 IU/L in group II and 32.03+18.16 IU/L
in group III. All our patients had elevated or fluctuating
ALT levels as patients with persistently normal ALT are not
indicated for treatment unless they have high HBV DNA and
inflammation with or without fibrosis by liver biopsy according
to guidelines [14].

On comparison between pre-treatment and post
treatment ALT level within each group, the mean paired
difference in group I and group III was 18.49+30.56 IU/L and
27.35+54.10 IU/L respectively which was statistically highly
significant (P<0.001 and 0.009 respectively). Meanwhile, the
mean paired difference in group II was 12.76+33.93 IU/L and it
was statistically significant (P<0.011). This reflects biochemical
response within each group as a result of lamivudine therapy.

There was highly significant positive correlation between
pre-treatment and post treatment ALT levels within groups
I and II while the correlation was non-significant between
pre-treatment and post treatment ALT levels within group III
(R0.551, 0.681 and 0.204 respectively and P<0.001, <0.001 and
0.272 respectively).

The mean HBV-DNA viral load prior to lamivudine
therapy was 6,524,873.5+44,470,000 IU/mL and there was no
significant difference among the 3 groups (P>0.05) (Table 1).

Table 1 Pre-treatment HBV-DNA among the studied groups

HBV-DNA assay following treatment showed that, in
group I, 76.3% of patients had virologic response, compared
to 23.7% patients who showed persistent viremia. Virologic
response fell in group II and group III to 72% and 67.7%
respectively. On comparison of virologic response among the
3 groups, there was no significant difference (P>0.05) (Table 2).

None of the patients in group I developed virologic
breakthrough during lamivudine therapy, whereas 12% and
25.8% of patients in groups II and III respectively developed
virologic breakthrough with continued treatment. This
showed a highly significant difference among the three groups
(P<0.001) (Table 2).

None of the patients in group I and group II had HBsAg
clearance, while one patient in group III had HBsAg
clearance without developing anti HBs, denoting no statistical
significance among the 3 groups (P>0.05).

Abdominal ultrasound examination of patients at the end
of treatment duration showed no significant difference among
the three groups.

By studying the relationship between pre-treatment viremia
and virologic response, we found that in group I, 25% of patients
having high pre-treatment viremia (more than 20000 IU/mL)
showed virologic response compared to 84.6% and 83.3% of
patients having mild and moderate viremia respectively. This
showed a highly significant relationship between pre-treatment
high viremia and the incidence of viral resistance (P<0.01).
However, in group II and group III, there was no significant
relationship between the incidence of virologic response and
pre-treatment viral load within each group (P>0.05) (Table 3).

Also, there was no significant relationship between gender,
age, pre-treatment ALT level, post treatment ALT level, percent
reduction in ALT level and abdominal ultrasonographic
findings in the incidence of virologic response within each
group (P>0.05).

On the other hand, there was no significant relationship
between pre-treatment viral load and the incidence of virologic
breakthrough within each group (P>0.05). Also, there was no
significant relationship between gender, age, pre-treatment
ALT level, post treatment ALT level, percent reduction in
ALT level and also abdominal ultrasonographic findings in
the incidence of virologic breakthrough within each group
(P>0.05).

There were no recorded signs of decompensation in
patients with virologic breakthrough as they were shifted to
entecavir with proper suppression of HBV replication. None
of our cirrhotic patients developed virologic breakthrough. For
other patients, the time between virologic breakthrough and

Group I Group 1II Group 1IT
1 year 2 years 3 years
Median 25" P, 75" P, Median 25" P, 75" P, Median 25" P, 75" P,
HBV DNA* IU/mL 7000 3360 33700 12569 2015 350000 3360 1320 49911

*P-value=0.372 (non-significant)
HBYV, Hepatitis B virus
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Table 2 Post treatment virologic response and breakthrough among
the three groups

Post treatment Group I  Group II  Group III  P-value
HBV-DNA 1 year 2 years 3 years
(n=59) (n=50) (n=31)
No. % No. % No. %

Positive HBV-DNA 14 237 14 28.0 10 323 *0.678

Undetectable HBV-DNA 45 763 36 72.0 21 67.7

Virologic Breakthrough 0 0 6 120 8 258 *¥<0.001

No Breakthrough 59 100.0 44 88.0 23 742
*P>0.05 (non-significant), **P<0.01 (highly significant)
HBYV, Hepatitis B virus

Table 3 Relation between pre-treatment viral load and virologic response

Group Viral Virologic response Viral resistance P-value

load
No. % No. %
GroupI Mild 33 84.6 6 15.4
1Year  Moderate 10 83.3 2 167  *0.001
High 2 25 6 75
Group I Mild 20 74.1 7 259
Zyears  Moderate 5 71.4 2 286 0931
High 11 68.8 5 312
Group ITI Mild 12 66.7 6 333
3years  poderate 5 714 2 286 0972
High 4 66.7 2 333

P>0.05 (non-significant), *P<0.01 (Highly significant)

biochemical breakthrough was three months as transaminases
were done every 3-6 months, and once the patient developed
elevation of HBV DNA by >11og' (10-fold) above nadir (lowest
value) with or without elevation of ALT they were immediately
shifted to entecavir 1 mg q.d. None of our patient developed
deterioration of creatinine level, so, adjustment of the dose of
lamivudine was not needed.

Discussion

HBYV infection is a global health problem and is a major
health problem in Egypt and the entire continent of Africa.
Egypt is considered to be a region of intermediate prevalence
for HBV infection with a reported figure of 4.5%. Nearly 2-3
million Egyptians are chronic carriers of HBV [16]. In Egypt,
HBeAg negative variant state accounts for more than 80%
among the older age group (22-45 years) [17].

The goal of therapy for HBV is to improve quality of life
and survival by preventing progression of the disease. This
goal can be achieved if HBV replication can be suppressed in a
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sustained manner, the accompanying reduction in histological
activity of CHB lessening the risk of cirrhosis, end-stage liver
disease and decreasing the risk of HCC in non-cirrhotic
patients and probably also, but to a lesser extent, in cirrhotic
patients [18]. However, HBV infection cannot be completely
eradicated owing to the persistence of cccDNA in the nucleus
of infected hepatocytes [19].

A male predominance was found, in our study, as there were
120 males compared to 20 female patients (male: female ratio
is 6:1). This came close to El-Zayadi’s [17] study, who reported
high prevalence of CHB among males with a male: female ratio
of 9:1 and also, came closer to the study conducted by Osman
[20], where there was male predominance with a male: female
ratio of about 7:1.

The mean age in our studied population was 34.41+7.92
years. Similarly, in the study conducted by Osman [20], the
mean age was 3218 years. Also, El-Zayadi [17] stated that in
Egypt, HBeAg negative variant state, as was our patients’ state,
accounts for more than 80% among the 22-45 years age group.

Virologic response had occurred in 76.3% of patients of
group I but was reduced in group II and group III to 72% and
67.7% respectively. Likewise, Marcellin et al [21] reported
virological response in 72% of HBeAg negative CHB patients
at 1 year. Also, Papatheodoridis et al [22] detected decreased
virologic remission from 73% at 12 months to 34% at
48 months.

However, cumulative rate of virologic response in our
study appeared to be higher than that of the study conducted
by Osman [20], who reported that HBV-DNA became
undetectable in almost 50% of the patients. This could be
explained by the presence of HBeAg-positive patients who are
more likely to develop lamivudine resistance as reported by Silva
et al [23]. They concluded that pretreatment HBeAg negativity
could be considered as a positive predictive factor for response
to lamivudine therapy, even in patients of high viremia. Also,
it could be related to longer duration of treatment in Osman’s
study [20] (up to 5 years) giving a chance for selection of drug
resistant mutants as mentioned by Lok et al [24], who reported
that rates of lamivudine resistance reach nearly 70% by year
four of continuous therapy.

In our study, none of the patients showed HBsAg clearance in
group I and group II. Similarly, EASL [25], reported that loss of
HBsAg rates after one year were 0% with lamivudine, adefovir,
entecavir, telbivudine or tenofovir. Also, in Osman’s [20] study
none of the patients developed HBsAg seroconversion.

Only one case (3.23%) in group III showed post treatment
HBsAg clearance. Fasano et al [26] found that in long-term
responder patients, continuation of lamivudine monotherapy
resulted in persistent viral suppression in most cases and 11.7%
of these patients cleared HBsAg (after a 32-month median
period).

Long-term lamivudine treatment was shown to decrease
fibrosis [27] and in a randomized controlled trial, it was proved
to decrease the incidence rate of hepatic decompensation and
HCC [28]. In our study, the patients were not biopsied, but out
of the 140 patients of the study only 3 patients showed liver
cirrhosis (diagnosed by coarse liver with irregular surface by
ultrasound with or without eosophageal varices by endoscopy),
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meanwhile none of them developed decompensated cirrhosis
or HCC on follow up by ultrasound. Also, Osman [20], reported
that none of the studied 85 patients developed cirrhosis or
HCC on follow up and only one patient had presented with
decompensated cirrhosis before the start of therapy and on
follow up, showed improvement in serum billirubin and
prothrombin activity.

There was highly significant positive correlation between
pre-treatment and post treatment ALT levels within groups I
and II. This indicates that lamivudine was effective in
decreasing inflammation in liver tissue by effective viral
suppression leading to significant decrease in ALT levels in
comparison to pretreatment levels. However, the correlation
was non-significant between pre-treatment and post treatment
ALT levels within group III. This could be related to higher
incidence of virologic breakthrough in this group.

The virologic breakthrough, in our study, was similar to
the Chang et al study [29], as the cumulative rate of virologic
breakthrough in the HBeAg-negative group was 0% and 7%
at 12th and 24th months of lamivudine therapy, which was
significantly lower than in the HBeAg-positive group that
recorded 12% and 39% at 12th and 24th months respectively
(P<0.01). Also, Osman [20], reported overall breakthrough
rate of 35% in HBeAg-negative patients and this came close
to our study results. However, Rizzetto [30] recorded higher
rates. They detected virologic breakthrough in up to 57-64%
in HBeAg-negative patients after 2 years. Also, Park et al [31]
reported cumulative rates of 0%, 19.4%, 36%, and 48.5% in 6,
12, 18, and 24 months respectively. Similarly, Alam et al [32]
reported breakthrough rates of 4.4, 22.8, 45.3, and 74% at 1, 2,
3, and 4 or more years, respectively.

The explanation of the rather low rates of virologic
breakthrough in our study is unknown; it could be due to the
genetics of Egyptian patients, the design of the study or viral
genetics. This indicates that regional characteristics may have
some major importance.

However, the fact that virologic breakthrough is less
frequent in our study than in other populations together with
the low cost of lamivudine treatment suggests that in some
patients lamivudine can still be useful.

The highly significant difference among our 3 groups in
the incidence of virologic breakthrough meant that longer
duration of treatment was associated with an increased rate of
lamivudine resistance and hence virologic breakthrough. This
was reported also by Lok et al [33], who concluded that the
longer the duration of treatment the higher rate of lamivudine
resistance.

A highly significant relationship was found, in our study,
between pre-treatment high viremia and the incidence of viral
resistance. Lok and McMahon [34] also reported that a high
pre-treatment serum HBV-DNA level is one of the factors
associated with increased rate of lamivudine resistance. This
was different from results in groups II and III where there was
no significant relationship between pre-treatment HBV-DNA
viral load and the incidence of viral resistance.

Neither demographic characteristics (age, gender etc.) of
the patients, ultrasound findings, nor pre or post treatment
ALT levels had a significant relation with the incidence of

Annals of Gastroenterology 27

virologic response or breakthrough. Similarly, Hongthanakorn
et al [35] reported that an alarmingly high rate of virologic
breakthrough is met in clinical practice with NUCs and
failure to achieve undetectable HBV-DNA was the only factor
significantly associated with virologic breakthrough. Also,
Alam et al [32] showed that pretherapy ALT (P=0.698), HBeAg
status (P=0.273), and age (P=0.059) were not associated
with breakthrough, however, in their study, female sex was
significantly associated with virologic breakthrough (P=0.01).

The explanation of absence of a relationship between
high viremia and breakthrough in our patients is unknown.
However, other studies showed a significant relationship

Summary Box

What is already known:

For the treatment of chronic hepatitis B (CHB):

o Lamivudine monotherapy is currently considered
a therapeutic option for patients with CHB
irrespective of HBeAg status

o Lamivudine achieves sustained suppression of
hepatitis B virus (HBV) replication and remission
of liver disease aiming at preventing cirrhosis (if
not present), hepatic failure and hepatocellular
carcinoma

o Long-term lamivudine treatment leads to the
occurrence of antiviral-resistant mutations
(virologic breakthrough) which can lead to
negation of theinitial response,and in some patients
hepatitis flares and hepatic decompansation

o The lamivudine reported breakthrough rates are
around 4.4%, 22.8%, 45.3%, and 74% at 1, 2, 3,
and 4 or more years, respectively

What the new findings are:

o Lamivudine monotherapy, in HBeAg-negative
CHB, was effective in suppressing HBV replication
and ameliorating liver disease

« Virologic response to lamivudine was 76.3% in the
first year and decreased to 72% and 67.7% at years
2 and 3 respectively

o The lamivudine breakthrough rates, in our study,
were 0%, 12% and 25.8% at 1, 2, 3 years respectively

o Our virologic breakthrough patients were
immediately shifted to entecavir (although it is
not the best first option) and fortunately none
of them developed hepatitis flares and hepatic
decompansation

o The fact that virologic breakthrough is less
frequent in this study together with the low cost
suggests that, in some patients, lamivudine can be
still useful




between pretreatment high viremia and development of
breakthrough after prolonged lamivudine therapy [36], after
liver transplantation with HBIG and lamivudine prophylaxis
[37] and after chemotherapy treatment with lamivudine
prophylaxis [38].

In patients with cirrhosis and liver failure the breakthrough
has a high risk for decompensation and death. This is well
recognized by many authors and experts [25,39]. Also,
Manolakopoulos et al [40], reported that decompensation
develops rapidly without allowing enough time to deal with
a new agent and they have concluded that the efficacy of any
kind of therapeutic intervention is associated with the severity
of liver disease before treatment. Fortunately, none of our three
cirrhotic patients developed virologic breakthrough. Also,
our patients had been closely monitored with LFT and HBV
DNA by PCR to detect virologic breakthrough before clinical
breakthrough and were immediately shifted to entecavir
1 mg q.d., as it is recorded that virologic breakthrough can be
detected months before biochemical or clinical breakthrough
(characterized by an increase in ALT levels) [14].

The switch from lamivudine to entecavir was not the best
choice in our patients as entecavir is not highly effective for
patients with YMDD mutation due to cross resistance. It is well
known that, after lamivudine resistance, the first option is to
switch to tenofovir or add adefovir if tenofovir is not available,
and the second choice is to stop lamivudine and start entecavir
[14,25,39]. But, entecavir was chosen as it is the available drug
in the NHTMRI.

In conclusion, lamivudine therapy is effective in suppressing
serum HBV-DNA to undetectable levels and in ameliorating
liver disease in HBeAg-negative CHB. The rates of maintained
virologic and biochemical responses to lamivudine therapy
decrease with time due to selection of drug-resistant mutants
and, hence, breakthrough. Whenever possible, the most potent
NUCs with the lowest rate of genotypic resistance such as
entecavir and tenofovir should be administered and compliance
reinforced. However, the fact that virologic breakthrough is
less frequent in this study together with the low cost suggests
that in some patients lamivudine can still be useful.
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