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Abstract

Background: Emergence of resistance was recognized shortly after the introduction of lamivudine. This 10 year retro-
spective study investigates resistance to lamivudine and the modifications of antiviral strategies required.

Patients and methods: Two hundred and nine patients were treated with lamivudine. Sixty seven out of 209 patients
were excluded from the present study. HBVDNA was tested using the PCR assay and genotypic resistance was per-
formed using the direct PCR sequencing.

Results: In the 125 patients initially treated with lamivudine monotherapy: A) 48 (38.4%) patients with a mean time of
63.6+26.2 months under lamivudine treatment have normal ALT levels with negative (19%) or low (<1X10?) HBVDNA
levels, 10% developed cirrhosis, 1 HCC and 6% cleared HBsAg. B) Resistance was developed in 61.60% patients
within 45+23.84 months of lamivudine treatment. These patients were: 1) either switched to adefovir (9), entecavir
(2) or tenofovir (2) or adefovir was added to lamivudine (21) for a short time and then they were switched to adefovir
alone. Six out of 34 patients developed cirrhosis and 4 HCC while on treatment. 2) or adefovir was added-on to lamivu-
dine (43). In 39 out of 43 treatment is ongoing while on virological response. No one developed cirrhosis or HCC. C)
Seventeen patients received de novo combination therapy with lamivudine and adefovir and 2 out of 17 (11.7%) showed
resistance to adefovir after 24 months of therapy.

Conclusions: Our results showed that a) approximately 38.4% of patients maintain viral suppression more than 5 years
of lamivudine treatment and b) rescue therapy with add-on adefovir to ongoing lamivudine, seems to be a better treat-
ment strategy associated with long term benefit regarding disease complications. Hippokratia 2012, 16, 4: 342-346
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Introduction

Chronic hepatitis B infection continues to be an im-
portant cause of morbidity, mortality and source of po-
tential new infections worldwide'?. The World Health
Organization estimates that 400 million individuals are
chronically infected with HBV. Furthermore, HBV is the
10™ leading cause of death worldwide.

HBeAg-negative chronic hepatitis is common not
only in Southern Europe, predominating in the Mediter-
ranean area, but worldwide and is related to higher risk
of disease progression, liver failure and high incidence of
hepatocellular carcinoma. Progression to these complica-
tions is more frequent among patients who harbor HBV
with mutations in its precore or core promoter regions®*,
although the majority of these patients may remain as in-
active carriers for extended periods of time or during their
entire lifetime. In a recent study conducted in Greece,

HBeAg(-) hepatitis B was found to be the predominant
form (92.1%) among Greek patients®.

The goals of therapy in patients with chronic HBV
infection aim in limiting or reversing the progression of
the disease through sustained viral suppression. Lami-
vudine was the first nucleoside analogue to be approved
for chronic hepatitis B therapy. Long-term therapy with
lamivudine was found to be initially effective, with high
initial on treatment remission rates. However, the emer-
gence of resistance was recognized shortly after the intro-
duction of lamivudine in clinical practice, ranging from
23% in patients after 1 year, 46% after 2 years and 71%
after 5 years, usually followed by biochemical break-
through phenomena®.

In this 10 year (1999-2009), single center, open-label
study, we retrospectively evaluated the safety, efficacy and
resistance to lamivudine in patients with HBeAg-negative
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Patients with chronic hepatitis B
treated with lamivudine between 1999 and 2009
(n=209)

Exclusion criteria:

- Clinical trials (n=41)
- Prophylactic regimen (n=14)
- Lost in follow-up (= 10)

- Pregnancy (n=2)

Study population
(n=142)

‘ Lamivudine monotherapy ‘ ‘ De novo combination ‘

n= 125 (88%) with lamivudine plus adefovir n= 17 (12%)

‘ Resistance to lamivudine ‘ ‘

No resistance to lamivudine
n=77 (62%)

n=48 (38%)

Figure 1: Schematic patient chart enrolled in the study.

chronic hepatitis B, the changes in therapeutic strategies
thereafter and the incidence of disease progression.

Patients and Methods

This retrospective study included 209 patients with
chronic HBeAg(-) hepatitis B(CHB) initially treated with
lamivudine and followed-up between the years 1999 and
2009 in our center, 2" Department of Medicine, in Aris-
totle University Medical School of Thessaloniki Greece.
A centralized diagnostic index and laboratory database
were used to identify all potential patients with these spe-
cific characteristics. Once the diagnosis of CHB and the
exact study population was established, a retrospective
chart review was performed in order to retrieve informa-
tion regarding the long-term outcomes in these patients.

Sixty seven out of 209 patients were excluded from
further analysis following medical history review for
several reasons: Ten were lost to follow-up, 41 were al-
ready participants in clinical trials, 2 were treated during
pregnancy and in 14 lamivudine was given as support-
ive therapy during immunosuppression. Seventeen out
of 142 patients received de novo combination therapy of
lamivudine with adefovir and 125 patients received lami-
vudine monotherapy. Eighty two patients out of 142 were
IFN-a experienced in the past, having a primary non-
response to IFN-a. They were subsequently treated with
either lamivudine or lamivudine and adefovir. Figure 1
outlines the selection of patients in our study.

Resistance to lamivudine in this study was defined
as the development of biochemical [ALT>1.5x upper
limit of normal (ULN)] and virological (increasing HBV
DNA> 1.0 log IU/mL) breakthrough in patients receiving
lamivudine.

HBYV DNA and liver biochemistries

HBYV DNA values and liver biochemistries were ob-
tained during routine visits while on standard treatment
care of CHB. HBVDNA was measured using the Am-
plicor HBV test (Roche Diagnostics) (1999-2003) and

1.0
0.9 1
0.8
0.7 -
0.6
0.5
0.4
0.3 1
0.2
0.1
0.0

Occunrence of resistance

T T T T T T T T 1
0 10 20 30 40 50 60 70 80 90 100110

Time to resistance (months}

Figure 2: Time to lamivudine resistance with Kaplan-

Meier curve.

Tacqman HBV (Roche Diagnostics) (2004-2009). The
bi-directional PCR sequencing was used for genotype re-
sistance (Trugene HBV, Siemens Diagnostics).

Baseline liver biopsy was performed in 67 patients prior
to treatment initiation.

Major events

Cirrhosis was diagnosed based on clinical, histological,
laboratory and radiologic evidence. Liver decompensation
was diagnosed in case of development of ascites or bleed-
ing or enchepathopathy. Hepatocellular carcinoma (HCC)
was diagnosed based on high serum AFP levels, atypical
findings on triple-phase computed tomography (CT) or
magnetic resonance imaging (MRI). Cases with atypical
imaging findings were confirmed with CT-guided biopsy.

Statistical Analysis

Baseline characteristics were calculated as the me-
dian (range) for continuous variables. The number and
percent in each group were tabulated for categorical vari-
ables. The chi-square test of independence was used to
determine statistical significance for categorical data. For
the continuous variables, the Wilcoxon rank sum test was
used. Primary endpoint of the study was the time to de-
velopment of resistance to lamivudine.

Results

The patients’ baseline characteristics are presented in
Table 1.

Emergence of resistance to lamivudine

Resistance to lamivudine monotherapy was detected
in 77/125 (62%) patients after a median time of 3.2 years
(range= 0.5-9) following treatment initiation. Figures 2
and 3 show the occurrence of resistance over time. Re-
sistance was confirmed with genotypic analysis in 50/77
patients. Simultaneous mutations at positions rtM204V/1
and rtL180M were detected in 22 patients, mutation at
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Figure 3: Development of resistance to lamivudine per-every
10 months of follow-up.

position 1tM204V/1 in 25 patients and mutation at posi-
tion rtL180M in 3 patients. Genotypic analysis was not
possible for 27 patients in whom, however, compliance
to treatment was confirmed.

The remaining 48/125 (38%) patients on lamivudine
monotherapy were followed for a median time of 5.4
years (range= 2-11) without any evidence of resistance.

No demographic or laboratory characteristic at base-
line predicted the occurrence of resistance to lamivudine.
However, patients that developed resistance to lamivu-
dine had significantly greater mean HBV DNA value af-
ter 6 months of treatment as compared to those with no
evidence of resistance (6.4x10° vs. 165, p<0.0001).

Management of resistance

Table 2 summarizes the therapeutic strategies fol-
lowed in patients with resistance to lamivudine mono-
therapy. Adefovir was added to lamivudine in 43 patients
(56%), whereas in 34 (44%) patients the treatment regi-
men was switched to adefovir, entecavir or tenofovir. In
4/30 patients switched to adefovir with partial response

Table 1: Baseline characteristics of study patients.
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Figure 4: Development of cirrhosis per therapeutic strategy
for resistance to lamivudine.

to adefovir, entecavir was added or they were switched
to entecavir or tenofovir. Resistance to adefovir was de-
tected in 3/30 (10%) patients, following genotypic analy-
sis. Simultaneous mutations at positions rtA181T/V and
rtN236T were detected. The majority of patients, 39/43
(91%), with the addition of adefovir reached and sus-
tained a complete virological response.

In addition, 1/17 (6%) patients who received de novo
combination treatment of lamivudine with adefovir,
showed resistance to adefovir after 24 months of therapy.

Long-term outcomes

Eighteen out of 125 patients presented to our cen-
ter had cirrhosis at baseline. When these patients were
analyzed according to treatment strategies and disease
progression to major complications, it was shown that:
a) During a 6-year follow-up, 1/48 patient without re-
sistance to lamivudine, but with decompensated cirrhosis
developed HCC, while 2/48 with cirrhosis, showed no
further complications. b) Three out of 6 patients in the
switch group, on adefovir or entecavir, with baseline dec-
ompensated cirrhosis, developed HCC. One patient with
cirrhosis showed no disease progression and two other
patients with liver decompensation died, one during liver
transplantation procedure and the other due to non-hepat-
ic reason. ¢) Five out of 5 patients in the add-on group

N

Age, years

Male gender, n (%)

Previous interferon treatment, n (%)
Cirrhosis (compensated) at baseline, n (%) *
Aspartate aminotransferase (AST), U/L
Alanine aminotransferase (ALT), U/L

HBYV DNA at baseline, ¢/ml

125
49 (42-60)
89 (71)
85 (68)
16 (24)

65 (44-108)
115 (65-180)
2.3x10°
(3.7x10°— 2.9x107)

Data are presented as median (interquantile range) unless otherwise indicated.

Normal ranges: AST(10-37 IU/L), ALT (10-45 IU/L).

* Baseline liver biopsy was available in 43 and 24 patients, respectively.



HIPPOKRATIA 2012, 16, 4 345

Table 2: Therapeutic strategies in patients with resistance
to lamivudine monotherapy.

N 77

Switch to another drug, n (%) 34 (44)
Adefovir, n (%) * 30 (88)
Tenofovir, n (%) 2 (6)
Entecavir, n (%) 2 (6)

Add-on adefovir therapy,n(%) 43 (56)

* In 21 patients the switch was preceded by a short (mean
6.4 months) combination with lamivudine.

showed no further complications, and d) In the group of
17 patients treated with de novo combination of lamivu-
dine with adefovir, two of the four patients that presented
with decompensated cirrhosis developed HCC.

Three out of 48 (6%) patients without resistance to
lamivudine lost HBs antigen and sercoverted to antiHBs
during follow-up. However, 5/48 (10%) patients devel-
oped cirrhosis and 1/48 (2%) developed HCC.

Patients who were switched to another drug following
development of resistance to lamivudine, were more like-
ly to develop cirrhosis when compared to those who were
treated with adefovir addition (6 vs. 0, p= 0.004), while
no significant difference in the prevalence of cirrhosis at
baseline was noticed between these two groups (Figure
4). In addition, 4/34 (12%) patients who were switched to
another drug developed HCC while on treatment.

Discussion

This retrospective study conducted in one academic
center in Greece, evaluated 125 patients with HBeAg-
negative chronic hepatitis B, initially treated with lami-
vudine and followed-up from 1999 to 2009.The objective
of the study was to estimate the response to treatment,
the emergence of lamivudine-resistant strains and their
consequences, as well as the effect of two different treat-
ment strategies thereafter: switch to adefovir or add-on
adefovir.

When treating naive patients, as far as disease pro-
gression is concerned, it was found that in a significant
number of patients (18/125, 14.4%), CHB had already
progressed to cirrhosis and decompensated cirrhosis
(6/18, 33.3%), at the time they first presented to our cen-
ter. This finding could be possibly explained by the fact
that since CHB is asymptomatic , their disease could have
been discovered incidentally during HBsAg screening of
blood donors, asymptomatic ALT elevations or disease
complications. Similar results have been shown by oth-
ers, where 54% of patients with chronic hepatitis B dur-
ing their first presentation, in 30% of them appeared with
cirrhosis (CTP A) and 16% CTP B or C7, as well as in a
previous study conducted in Greece®.

Our study showed that in 62% (77/125) of our pa-
tients initially treated with lamivudine monotherapy, re-
sistance occurred after a median time of 3.2 years.

Lamivudine was the first oral drug to be approved in
1998 for the management of chronic HBV infection, fol-
lowed by adefovir in 2002, entecavir in 2005, telbivudine
in 2005 and finally with tenofovir in 2008. Lamivudine
is a potent inhibitor of viral polymerase activity with an
excellent safety profile. However, lamivudine monother-
apy is not currently reccomended as a first-line treatment
due to induction of high drug resistance, especially under
long-term administration, with resistance developing in
23% of patients within 1 year, 46% after 2 years and 71%
after 4 years®!°,

Nevertheless, it is also noteworthy that approximately
20% of patients maintain viral suppression during 5 years
of lamivudine treatment'!. In fact, our results showed
that 38% of our patients with lamivudine monotherapy,
followed-up for a median of 5.4 years, showed no evi-
dence of resistance emergence. Similar results were also
reported in other studies, with a rate of sustained viro-
logical response up to 39% after 4 years of lamivudine
therapy. Patients with baseline cirrhosis who maintained
virological response, were less likely than those with
viral breakthrough to develop HCC and disease worsen-
ing’. The efficacy of lamivudine was also similar to what
has been reported in another study from Greece, with ap-
proximately one third of the patients remaining in remis-
sion at 4 years of therapy'?.

In our study, when patients with baseline cirrhosis
were analyzed according to treatment strategies and dis-
ease progression, it was found that a) only one patient
presented with decompensated cirrhosis who continued
long-term lamivudine therapy, developed HCC and in 2
patients there was no disease progression b) 3/6 patients
in the switch group developed HCC, 1 showed disease
progression and the other 2 patients with baseline liver
decompensation died, one during liver transplantation
and the other due to non-hepatic reason and c) 5 patients
with adefovir added to lamivudine, showed no further
disease complications.

Furthermore, although several factors may possibly
affect emergence of resistance, it is difficult to predict
which patients will maintain suppression during lamivu-
dine therapy. High baseline liver score (HAI), high body
weight and high HBVDNA levels, as well as detectable
HBVDNA at 6 months of lamivudine treatment are re-
ported to be predictive of resistance emergence'® . In our
study, the patients’ baseline demographic, laboratory or
virological characteristics were not predictive the occur-
rence of resistance to lamivudine. However, patients who
developed resistance to lamivudine, had a significantly
higher viral load at 6 months after treatment initiation.

Adefovir dipivoxil, although having a moderate an-
tiviral potency compared to other antivirals, was initial-
ly approved as a first-line therapy, but also as a rescue
therapy for patients with lamivudine resistance. Adefovir
treatment duration with a maximum of 240 weeks was
reported to produce significant improvement in hepatic
fibrosis, durable suppression of HBV and normal liver
enzymes. However cumulative probability of HBV mu-
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tations after 240 weeks was 29%, more frequently seen
among patients with high levels of HBVDNA at week
481,

In the past, since adefovir was used as a salvage ther-
apy to patients with resistance to lamivudine, there was a
debate as to whether switch to adefovir or add-on adefo-
vir to lamivudine was the best strategy. Subsequently, the
results of long-term studies have proved and favored the
add-on strategy as the best alternative, since no adefovir
resistance was observed when adefovir was added on to
ongoing lamivudine’. Fundamentally, very rarely adefo-
vir resistance emerges within the first 3 years. In contrast,
using adefovir as a switch therapy, led 25% of lamivu-
dine-resistant patients to develop genotypic resistance to
adefovir within 2 or 3 years of treatment!*!5,

Following resistance to lamivudine, two different
therapeutic strategies were implemented in our patients:
switch to adefovir or add-on adefovir to lamivudine. Our
results showed that add-on adefovir to lamivudine was a
better treatment strategy compared to switch to adefovir
or another antiviral based on the following: 4/30 patients
switched to adefovir had a partial response and 3 of these
(10%), developed resistance to adefovir, whereas the
majority of patients with adefovir addition to lamivudine
reached and sustained virological response and 5/5 pa-
tients with cirrhosis at baseline showed no further disease
complications.

In the group of 17 patients who received de novo
combination treatment of lamivudine with adefovir,
only 1/17 patients showed resistance to adefovir after 24
months of therapy. However this treatment strategy is no
longer recommended in naive patients.

In conclusion, our results showed that approximately
one third of our patients initially treated with lamivudine,
maintained viral suppression >5 years of lamivudine
treatment and that add-on adefovir to ongoing lamivu-
dine seems to be a better treatment strategy in patients
with lamivudine resistance. However, nowadays, the
new generation of inhibitors with the most potent drugs
i.e. tenofovir or entecavir demonstrating an optimal re-
sistance profile- high potency and high genetic barrier- ,
should be used as first-line monotherapies in the treat-
ment of chronic hepatitis B®.
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