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Absitract

AIM: To compare the antiviral efficacy of adefovir
(ADV) in lamivudine (LMV)-resistant patients with LMV
treatment in nucleoside-naive patients, using serum
samples collected sequentially during the course of
treatment progressing from LMV to ADV.

METHODS: Forty-four patients with chronic hepatitis
B (CHB) were included. The patients were initially
treated with LMV and then switched to ADV when LMV
resistance developed. Antiviral efficacy was assessed by
measuring the following: reduction in serum HBV DNA
from baseline, HBV DNA negative conversion (defined as
HBV DNA being undectable by the hybridization assay),
and HBV DNA response (either HBV DNA level < 10°
copies/mL or a = 2 logw reduction from baseline HBV
DNA level).

RESULTS: After two and six months of treatment, HBV
DNA reduction was greater with LMV compared to ADV
treatment (P = 0.021). HBV DNA negative conversion
rates were 64% and 27% after one month of LMV and
ADV treatment respectively (P = 0.001). Similarly, HBV
DNA response rates were 74% and 51% after two months
of LMV and ADV treatment respectively (P = 0.026).
The time taken to HBV DNA negative conversion and to
HBV DNA response were both delayed in ADV treatment
compared with LMV.

CONCLUSION: The antiviral efficacy of ADV in LMV-
resistant patients is slower and less potent than that with
LMV in nucleoside-naive patients during the early course
of treatment.

www.wjgnet.com

© 2007 WJG. All rights reserved.

Key words: Chronic hepatitis B; Lamivudine; Adefovir;
Treatment efficacy

Seo YS, Kim JH, Yeon JE, Park JJ, Kim ]S, Byun KS, Bak
YT, Lee CH. Antiviral efficacy of adefovir dipivoxil versus
lamivudine in patients with chronic hepatitis B sequentially
treated with lamivudine and adefovir due to lamivudine
resistance. World J Gastroentero/ 2007; 13(30): 4072-4079

http://www.wjgnet.com/1007-9327/13/4072.asp

INTRODUCTION

Chronic hepatitis B (CHB) is a common disease, with
an estimated prevalence of approximately 5% of the
world’s population"!. Cartiers of hepatitis B virus (HBV)
are at an increased risk of developing cirrhosis, hepatic
decompensation, and hepatocellular carcinoma, and
these complications result in greater than 1 million deaths
annually”. Therefore, the ultimate goal of therapy is to
limit or reverse the progression of the disease by sustained
suppression of HBV replication'”. This goal can be
achieved with the use of well-tolerated antiviral agents
that provide clinical benefit without inducing resistance.
Lamivudine (LMV) and adefovir dipivoxil (ADV) are
safe and efficacious drugs licensed for the treatment
of CHB. LMV was the first oral drug licensed for the
treatment of CHB. It increases hepatitis B e antigen
(HBeAg) seroconversion, improves HBV-associated
liver disease and reduces the progression of hepatic
fibrosis, and the development of cirrhosis™™. However,
selective amplification of LMV-resistant mutants is the
main concern with long-term LMV treatment”"". The
prevalence of resistant mutants is 16%-32% during the
first year of treatment and increases by approximately 15%
with each year of additional treatment' . Emergence
of LMV-resistance has been reported to be associated
with diminished clinical and virological response to
LMV Exacerbation of CHB was reported to
develop in 40.6% patients carrying LM V-resistant mutants
during continued LMV treatment' ). LMV-resistance
1s associated with advanced hepatic fibrosis and severe
microinflammatory changes in patients with recurrent
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HBV infection after liver transplantation"”. Furthermore,
hepatic decompensation and death can occur, particularly
in patients with cirrhosis """\ In addition, the risk of
hepatocellular carcinoma may be increased in patients
with LMV-resistance™. Therefore, management of LMV-
resistant mutants is a major concern in clinical practice.

ADV use is associated with a low incidence of viral
resistance™” and this drug has potent antiviral efficacy
in nucleoside-naive patients with CHB, resulting in
significant biochemical, virological, and histological
improvement. Moreover, ADV is efficacious against LMV-
resistant HBV®™™), With an increasing number of patients
undergoing prolonged LMV treatment, the potential
candidates for ADV is growing. However, there are no
reports on a direct comparison between the use of ADV
for treating patients with LMV-resistant hepatitis B, and
the use of LMV for treating nucleoside-naive patients, in
terms of antiviral efficacy and the duration of treatment
required.

The present study was carried out to compare the
antiviral efficacy of ADV in patients with LMV-resistant
strains and LMV in nucleoside-naive states, using serum
samples collected sequentially from 44 patients with CHB
during the course of progression from LMV to ADV
treatment.

MATERIALS AND METHODS

Materials

Data was collected retrospectively from 44 patients treated
with LMV initially and switched to ADV because of
development of LMV-resistant HBV infection. Serum
samples were obtained at baseline and 1, 2, 3, 6, and 12 mo
after commencement of LMV and ADV treatment and
kept at -70°C until HBV DNA levels were measured by
real time PCR. All patients were negative for antibodies to
human immunodeficiency virus and hepatitis C.

Tests for biochemical liver-functions and viral
replication, including HBeAg, anti-HBe antibodies and
HBV DNA levels, were assessed every 1-3 mo during the
treatment period. The HBV DNA levels were quantified
using both the hybridization technique (HBV Test, Hybrid
Capture II, Digene Corp., Gaithersburg, MD; detection
limit, 0.5 pg/mL) and real time PCR assay (GeneMatrix Inc,
Seoul, Korea; detection range, 366-3.66 X 10" copies/mL).

The protocol conformed to the ethical guidelines of
the 1975 Declaration of Helsinki as reflected in a priori
approval by Korea University Guro Hospital human
research committee.

Definitions of antiviral treatment response

Antiviral treatment efficacy was determined by the
reduction in HBV DNA levels from baseline, HBeAg
seroconversion, HBV DNA negative conversion, and
HBV DNA response. HBeAg seroconversion was
defined as the loss of HBeAg and detection of anti-HBe
antibodies in patients whose baseline HBeAg was positive.
HBV DNA negative conversion was defined as loss of
HBV DNA determined by the hybridization assay on
two or more consecutive occasions, at least three months

apart. HBV DNA response was defined as HBY DNA
level < 10° copies/mL or a = 2 logi reduction from
baseline HBV DNA level™. Viral breakthrough (V-BT)
was defined as the reappearance of HBV DNA, measured
by the hybridization assay, in patients whose level had
become undetectable for at least three months after
commencement of antiviral treatment.

HBV DNA quantification by real time PCR

Quantitative analysis of serum HBV DNA was performed
retrospectively from stored serum samples. Viral DNA was
extracted using Qiagen Blood Kits (Qiagen, Chatworth,
CA, USA) according to the manufacturer’s instructions.
PCR amplifications were performed using a 25 ul.
reaction mix containing 300 nmol/L of the forward and
900 nmol/L reverse primers, and 250 nmol/L TaqMan
probe (Perkin Elmer Biosystems, Foster City, CA, USA),
TagqMan universal PCR masterMix (Applied Biosystems,
Foster City, CA, USA) and 5 pl. HBV DNA. An ABI
prism model 7300 (Applied Biosystems) continuously
detected amplified signals. The following real time PCR
amplification protocol was used: (1) initial minimal re-
amplification of carry over product with uracil-N-
glycosylase (AmpErase, Applied Biosystems) at 50°C
for 10 min, and (2) a double round of amplification and
quantification involving: 45 cycles at 95°C for 15 s and
at 60°C for 60 s. The respective sequences of forward
primer, reverse primer and TagMan probe were as
follows: 5’-CCgTCTgTgCCTTCTCATCTg-3 (HBV1E,
nucleiotides 1549-1569), 5’-AgTCCAAgAgTTCTCTTATg
YAAgACCTT-3’ (HBV1R, nucleotides 1641-1669), and 5’
FAM-CCgTgTgCACTTCgCTTCACCTCTgC-TAMRA 3’
(HBVITAQ, nucleotides 1575-1600). Nucleotide sequence
positions were numbered according to Ono ez al™,

The absolute amount of HBV DNA was quantified
using a standard curve generated from subcloned pUC119
(Takara, Japan), a recombinant plasmid containing the
entire 3.2 kb of HBV DNA. The linear dynamic range of
detection was 366-3.66 X 10" copies/mL..

LMV-resistant mutation analysis

Aliquots of 2 pL of viral DNA were used for PCR
reactions. For genotyping, matrix-assisted laser
desorption/ionization time of flight mass spectrometry
(MALDI-TOF MS; Bruker Daltonics Biflex IV, Billerica,
MA, USA), termed RFMP, PCR was performed in 18
ul. of reaction mixture containing 20 mmol/L Tris-HCl
(pH 8.4), 50 mmol/L KCl, 0.2 mmol/L of each dNTP,
10 pmol. of each primer, and 0.4 units of Platinum® Taq
DNA polymerase (Invitrogen, Carlsbad, CA, USA). The
amplification conditions included initial denaturation at
94°C for 2 min, followed by 35 cycles of denaturation at
94°C for 30 s, annealing at 55°C for 30 s, and extension
at 72°C for 30 s. The sequences of forward and reverse
primers used in the PCR were respectively: 5" TTCCCCCA
CTgTTTgeCTeegATeTCAgTTAT-3 (nucleotide numbers
712-738) and 5-TACAgACTTggCCCCCAATACCACAT
gA-3 (nucleotide numbers 771-744). To insert a new FokI
digestion site or to eliminate the naturally occurring Fokl
site in the products, sequences underlined in each primer
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Table 1 Baseline characteristics of 44 patients with chronic

hepatitis B sequentially treated with lamivudine and adefovir
dipivoxil

Table 2 Types of lamivudine (LMV)-resistant mutations in
40' patients in whom analysis of LMV-resistant mutation was
performed

Lamivudine Adefovir P Types of LMV-resistant mutations  Patients 7 (%) HBV DNA level®
ALT level (IU/L) 310 + 251 336 + 379 NS M2041 8 (20.0) 75%0.7
Total bilirubin level (mg/dL) 1.7+£21 1.5+1.0 NS M204V 1(2.5) 8.0’
Albumin level (g/dL) 3.8+0.6 39+0.7 NS M2041 + L180M 19 (47.5) 75+09
Positive for HBeAg [Nos. (%)] 39 (88.6) 33(75.0) NS M204V + L180M 12 (30.0) 7.8+0.5
HBV DNA level (log copies/mL)" 7.64 £0.77 7.36 £1.16 NS

Values are expressed as mean = SD. 'Serum HBV DNA levels were measured
by real time PCR (with a lower limit of 366 copies/mL) and log-transformed
with the use of a base-10 scale. ALT: alanine aminotransferase; HBeAg:
hepatitis B e antigen; HBV: hepatitis B virus; Adefovir: adefovir dipivoxil; NS:
not significant.

were modified as described in Hong ez a/*”. PCR was
performed as above to amplify the HBV polymerase gene
encoding the YMDD motif for cloning or for sequencing
analyses. Nucleotide sequence positions were numbered
according to Ono ef a/™".

Restriction enzyme digestion of PCR products was
performed by mixing the PCR reaction mixture with 10 uL
of buffer containing 50 mmol/L potassium acetate,
20 mmol/L Tris-acetate, 10 mmol/L magnesium acetate,
1 mmol/L dithiothreitol and 1 unit of FokI. The reaction
mixture was incubated at 37°C for 2 h and further incubated
at 45°C for 2 h with BstF5I. The resulting digest was
desalted by vacuum filtration through a 384-well sample
preparation plate containing 5 mg of polymeric solvent
(Waters, Miliford, MA, USA) per well. The desalted reaction
mixtures were resuspended with matrix solution containing
50 mg/mL 3-hydroxy picolinic acid, 0.05 mol/L ammonium
citrate and 30% acetonitrile, and were spotted in 3 pL
volumes on a polished anchorchip plate. Mass spectra were
acquired on linear Bruker Daltonics MALDI-TOF MS
workstation in a positive ion, delayed extraction mode.

Statistical analysis

The data was analyzed using the statistical package SPSS
(version 10.0; SPSS Inc., Chicago, 1L, USA). The results
are expressed as the means * standard deviations (SD).
HBV DNA levels are expressed as logarithmic scales.
Quantitative values are expressed as means and ranges,
and were compared using the Student’s ~test or the Mann-
Whitney nonparametric U test. Kaplan-Meier estimates and
log-rank analyses were used to identify factors associated
with the time to HBeAg seroconversion. Qualitative values
were correlated with Chi-square or Fisher exact tests. In
all cases, P < 0.05 (two-tailed) was considered statistically
significant.

RESULTS

Baseline characteristics

Table 1 summarizes the baseline characteristics of 44
patients with CHB sequentially treated with LMV and ADV.
The mean age was 45 * 11.2 years (range, 17-67). Thirty
patients were men and 13 had cirrhosis. LMV treatment was
given for a mean of 29 * 15.4 mo (range, 7-68). During
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'In the remaining four patients, LMV-resistant mutations were diagnosed
clinically by the reappearance of hepatitis B virus (HBV) DNA after HBV DNA
negativization (determined by hybridization assay). *Serum HBV DNA levels
were measured by real time polymerase chain reaction (PCR), with a lower
limit of 366 copies/mL and subjected to logu transformation. "HBV DNA level
of mutation M204V was expressed only as a mean value because n = 1. LMV:
lamivudine; HBV: hepatitis B virus.

LMV treatment, cirrhosis developed in five additional
patients. V-BT emerged at a mean of 17 = 8.5 mo
of LMV treatment (range, 5-44 mo).

Because of the development of LMV-resistant HBYV, all
patients were treated with ADV. In 17 patients, LMV was
maintained for the initial 1-4 mo (median, 3 mo) of ADV
treatment and in 17 patients, LMV was discontinued with
the commencement of ADV treatment. The remaining 10
patients were treated with ADV after a treatment-free period
of 5 mo (median, range, 1-15 mo).

The baseline serum alanine aminotransferase (ALT),
total bilirubin and albumin levels and HBeAg status were
not significantly different between the LMV and ADV
treatment groups. The mean baseline HBV DNA levels
were 7.64 and 7.36 logio copies/mL respectively.

The different types of LMV-resistance mutations
are summarized in Table 2. This analysis was performed
in 40 of the 44 study patients; in remaining four, LMV-
resistance was diagnosed clinically by the reappearance of
HBV DNA (assessed by hybridization assay) after initial
HBV DNA negative conversion. The most common
LMV-resistance mutation was M2041 with L180M (48% of
patients). M204V with LL180M developed in 30% patients.
The M2041 and M204V mutations developed in 20%
and 3% patients, respectively. Baseline HBV DNA levels
did not differ between the four types of LMV-resistant
mutations, as shown in Table 2.

Reduction of HBV DNA levels from treatment baseline
The decline in serum HBV DNA from the baseline level
after LMV or ADV treatment was measured using real time
PCR and the results are shown in Figure 1 as logio copies/mL
(mean £ SD). After one month of antiviral treatment,
the mean reduction in HBV DNA levels was 2.3 and 1.8
during LMV and ADV treatment respectively (P = 0.121).
However, after two months of treatment, LMV treatment
produced a significantly greater decline in the serum HBV
DNA level compared to ADV 2.7 £ 1.2 »21 £ 12, P =
0.021). Furthermore, after six months of treatment, HBV
DNA levels fell by 3.2 + 1.4 with LMV treatment compared
to 2.5 £ 1.6 with ADV treatment (P = 0.030).

At treatment month 12, HBV DNA reduction from
baseline in the LMV and ADV treatment groups was 2.3
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Reduction of HBV DNA
(log:o copies/mL)

Months of antiviral treatment

Figure 1 Mean log1 changes in serum hepatitis B virus (HBV) DNA levels after
administration of lamivudine (dashed line) and adefovir (continuous line). Mean
(+ SD) changes from baseline in serum HBV DNA concentrations were evaluated
using real time PCR assays (lower limit of detection, 366 copies/mL). *P < 0.05.
HBV: hepatitis B virus; LMV: lamivudine; ADV: adefovir dipivoxil.
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Figure 2 Mean changes in serum alanine aminotransferase levels after
administration of lamivudine (dashed line) and adefovir (continuous line). The
levels were obtained at baseline and after 3, 6, 9 and 12 mo of lamivudine and
adefovir treatment. The values are not significantly different (P > 0.05). ALT:
alanine aminotransferase; LMV: lamivudine; ADV: adefovir dipivoxil.

and 3.0, respectively (P = 0.181). During each 12 mo of
treatment with LMV and then ADV, 14 (32%) patients and
two (5%) patients developed V-BT, respectively.

When ADV treatment was started, LMV therapy
was continued for the first 1-3 mo in 17 patients. The
reduction in HBV DNA from the baseline level during
ADV treatment was not different between those receiving
LMV/ADYV combination therapy compared to those
receiving ADV alone. HBV DNA reduction from baseline
level was not different in the four types of LMV-resistant
mutations.

Biochemical response

Figure 2 shows the changes in serum ALT levels before
and during antiviral treatment. The mean serum ALT
levels during 12 mo of antiviral treatment were not
different between LMV and ADV treatment regimens.
Serum ALT levels normalized in 40 (91%) patients during
12 mo of LMV treatment, and in 39 (86%) patients during
12 mo of ADV treatment (P = 0.551). The time taken to
ALT normalization was 4.0 £ 3.55 mo and 5.3 £ 5.18 mo
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Figure 3 Cumulative rates of sustained hepatitis B e antigen (HBeAg)
seroconversion during one year of treatment with lamivudine (dashed line) and
after switching to adefovir (continuous line). Only patients with positive HBeAg
values at baseline were included in the analysis. Cumulative rates after one-
year treatment of lamivudine and adefovir were 13% and 15%, respectively. LMV:
lamivudine; ADV: adefovir dipivoxil; HBeAg: hepatitis B e antigen.

lamivudine-resistance

Before the treatment with lanivudine | 39 1

During treatment with lamivudine \ 25 \7-

After viral breakthrough because of | 33 h
|

Before the treatment with adefovir \ 33
After 1 year of treatment with adefovir ‘_11 _”‘"17

[ Positive HBeAg and negative anti-HBe
[0 Negative HBeAg and negative anti-HBe
@ Negative HBeAg and Positive anti-HBe

Figure 4 Changes in the status of hepatitis B e antigen (HBeAg) and anti-HBe
after treatment with lamivudine and adefovir in patients with positive HBeAg.
Before treatment with lamivudine, HBeAg was positive in 39 patients. After one
year of treatment, 7 patients became HBeAg negative and 2 of these became
anti-HBe positive. During treatment with lamivudine, 14 patients became HBeAg
negative and 7 of these became anti-HBe positive. After development of viral
breakthrough because of lamivudine-resistance, HBeAg reappeared in 8 of the
14 patients. HBeAg was positive in 33 patients before the treatment with adefovir.
HBeAg became negative in 22 patients and 5 of them became anti-HBe positive
after one year of treatment. The numerals in the boxes represent the number of
patients according to the status of HBeAg and anti-HBe.

after the commencements of LMV and ADV treatment
respectively (P = 0.081).

HBeAg seroconversion

The cumulative rates of sustained HBeAg seroconversion
during one year of antiviral treatment were not different
between LMV and ADV (Figure 3). Cumulative rates
after one year of treatment with LMV and ADV were
13% (5 of 39 patients) and 15% (5 of 33 patients),
respectively. Two (40%) of the five patients whose HBeAg
had seroconverted during one year of LMV treatment,
reconverted to HBeAg positive status during V-BT. The
changes in the HBeAg and anti-HBe status before and
during treatment with LMV are shown in Figure 4.

HBV DNA negative conversion

HBYV DNA negative conversion (based on hybridization
assay) was found in 27% patients after one month of
ADV treatment, compared with 64% of patients after
one month of LMV therapy (Figure 5A; P = 0.001).
The proportion of patients who achieved HBV DNA
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Figure 5 A: Percentage of patients with undectable HBV DNA (by hybridization assay) at months 1, 2, 3, 6, 9, and 12 after treatment with lamivudine (gray bars) and
after switching to adefovir (black bars). °P < 0.05 vs ADV; B: Time to HBV DNA loss during 12 mo of lamivudine (left) and adefovir (right) treatment. HBV DNA became
negative in 36 patients with lamivudine and in 28 patients with adefovir. Note that HBV DNA negativization took about 1 mo longer with adefovir (median 2 mo) compared
to lamivudine (median 1 mo; P < 0.05). Times to HBV DNA negativization (by hybridization assay) after lamivudine or adefovir treatment in each patient is represented as @
and A , respectively. Horizontal bars (—) represent median time to HBV DNA negativization. LMV: lamivudine; ADV: adefovir dipivoxil.
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Figure 6 A: Percentage of patients with HBV DNA responses at months 1, 2, 3, 6, 9, and 12 after treatment with lamivudine (gray bars) and adefovir (black bars). °P <
0.05 vs ADV; B: Time to HBV DNA response during 12 mo of lamivudine (left) and adefovir (right) treatments. HBV DNA responses appeared in 36 patients with lamivudine
treatment and in 30 patients with adefovir treatment. HBV DNA response was slower when patients were treated with adefovir (median 1.5 mo) than with lamivudine (median
1 mo; P < 0.05). Time to HBV DNA response after lamivudine or adefovir treatment in each patient is shown as eand A , respectively. Horizontal bars (—) represent median

times to HBV DNA response. LMV: lamivudine; ADV: adefovir dipivoxil.

negative conversion increased with the duration of ADV
treatment to 83% after 12 mo of treatment. By contrast,
HBYV DNA negative conversion decreased to 59% after
12 mo of LMV treatment, because of the development
of V-BT.

The mean time to HBV DNA negative conversion
from the beginning of antiviral treatment was longer in
the ADV treatment group (3.5 £ 2.9 mo; median 2 mo)
compared to the LMV treatment group (2.0 £ 2.1 mo;
median 1 mo) (Figure 5B; P = 0.020).

HBV DNA response

HBV DNA response was seen in 59% and 38% patients
after one month of LMV and ADV treatment respectively
(P = 0.46). After two months of treatment, HBYV DNA
response was seen in 51% patients on ADV compared
to 74% on LMV treatment (Figure 6A; P = 0.026). The
HBV DNA response rate increased to 73% after 12 mo
of treatment with ADV. By contrast, HBV DNA response
decreased to 61% after 12 mo of LMV treatment, because
of the development of V-BT.
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The mean time to HBV DNA response from the
beginning of antiviral treatment was longer with ADV
treatment (2.9 * 3.4 mo; median 1.5 mo) than LMV
treatment (1.6 £ 1.2 mo; median 1 mo; Figure 6B, P = 0.001).

DISCUSSION

The antiviral efficacy of ADV has been reported to be
similar to that of LMV in nucleoside naive patients with
CHB™?* Moreover, a recent iz vitro study showed
that LMV-resistant mutants remained sensitive to ADVF".
These findings have been supported by several clinical
studies, which showed similar antiviral efficacy of ADV
against wild type HBV and LMV resistant HBV****77 Tn
these studies, HBV DNA reduction after ADV treatment
in nucleoside-naive patients and LMV-resistant patients
were 2.9-3.9 and 2.5-4.3 logi copies/mL, respectively.
However, the antiviral efficacy of ADV in patients with
LMV-resistance appears to be slower and less potent
compared with the response to LMV in nucleoside-
naive patients; although the evidence in support of this
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observation is limited. The present study was designed to
provide an answer to this question by direct comparison of
antiviral efficacy of LMV and ADV using serum samples
collected sequentially from patients with CHB who had
eatlier received LMYV, and who had been switched to ADV
because of the appearance of LMV resistance.

In our study, HBV DNA levels were quantified by two
methods; hybridization assay and real time PCR. Real-time
PCR has a very high sensitivity, although it has not been
widely used clinically until recently. At the time our patients
were under treatment with LMV, real time PCR was an
experimental technique and most clinicians were using the
hybridization assay to quantify HBV DNA. Therefore, the
majority of studies have used such data to compare the
antiviral efficacy of ADV in LMV-resistant patients with
that of LMV in nucleoside-naive patients. To assess the
antiviral efficacy of LMV and ADV, it therefore seemed
necessary to analyze the data obtained by the hybridization
assay.

In our study, the suppression of serum HBV DNA
levels after two and six months of treatment was lower
with ADV compared to LMV. This finding is in contrast
with a recent report that indicated that LMV-resistant
mutations resulted in increased van der Waals contacts
between ADV and the mutated residues, accounting
for the superior binding affinity of ADV with these
mutants"”. Recently, Ono ez al™ reported that the median
effective concentration values of ADV for LMV-resistant
mutants were 4-16 times higher than those for wild-type
HBYV, and suggested that higher doses of ADV will be
required for the treatment of LMV-resistant mutants. Our
results support this suggestion.

To assess the antiviral efficacy of LMV and ADV, we
compared the proportion of patients with HBV DNA
negative conversion, and the time required to achieve
this after LMV and ADV treatment. After one month
of treatment, the conversion rate was significantly
lower with ADV compared to LMV treatment (27% s
64%). In addition, HBY DNA negative conversion took
significantly longer after ADV than LMV. We also analyzed
the proportion of patients with HBV DNA responses, and
the time taken after LMV and ADV treatments. An HBV
DNA response was defined as an HBV DNA level < 10°
copies/mL or a = 2 logio reduction from the baseline
HBYV DNA level, according to the criteria proposed
by Perrillo e al™”. In their study, HBV DNA response
occurred in 85% of LMV-resistant patients after one year
of treatment with ADV. Similarly, Locarnini ez a/*" defined
the antiviral response as = 1 logio reduction in HBY DNA
from the baseline level within three months of treatment.
In our study, HBV DNA response rate after two months
of treatment was significantly lower with ADV compared
to LMV (51% »s 74%). The HBV DNA response was also
significantly delayed after ADV treatment compared with
LMV.

In our study, 17 of the 44 patients treated with
ADV also received LMV for the initial 1-4 mo of ADV
treatment. Because such a combination could influence
the overall antiviral efficacy, we compared the efficacy of
HBV DNA suppression between patients who received
combination treatment and those who did not, and found
no significant difference in the results (data not shown).

Although the antiviral efficacy of LMV was faster
than that with ADV during the first several months
of treatment, the development of V-BT reduced this
advantage of LMV after 12 mo of treatment. By contrast,
the antiviral efficacy of ADV increased with time, with a
low incidence of ADV-resistance. Therefore, ADV appears
to be superior to LMV under conditions that require long-
term antiviral treatment. When we compared the rate of
HBV DNA reduction from the baseline level after the
exclusion of patients who developed V-BT within 12 mo
of antiviral treatment, there was no significant difference
between LMV and ADV treatments.

The probability of a mutant strain being selected
during therapy depends upon the ability of a drug to
suppress viral replication””. Using a more potent antiviral
drug during the initial course of treatment may reduce
the chances of selection of drug resistant mutants™*".
Therefore, it is necessary to determine whether using
ADV rather than LMV for the initial treatment might
affect the incidence of drug resistance in long-term
nucleoside/nucleotide-treated patients. In our study, only
two of 44 (5%) patients developed V-BT after 12 mo of
treatment because of ADV-resistant mutation, which was
significantly lower than the incidence of V-BT caused by
LMV-resistant mutations (32%, P = 0.002). However, the
incidence of V-BT caused by ADV-resistant mutations
was higher than that reported previously”. Our findings
are consistent with a recent study which showed that
the emergence of the ADV mutations in LMV-resistant
patients appeared to occur earlier and was more frequent
than in nucleoside-naive patients'””. Further studies are
needed to determine whether the less potent and slower
antiviral efficacy of ADV in the early treatment course in
LMV-resistant patients could lead to a higher incidence of
ADV-resistant mutations.

The main limitation of our study was that we compared
the efficacy of ADV in LMV-resistant patients with that
of LMV in nucleoside-naive patients and not with that of
ADV in nucleoside-naive patients. It should be noted that
we compared the antiviral efficacy of two different drugs,
nucleoside analogue (LMV) and nucleotide analogue (ADV)
under different conditions: a nucleoside-naive state and
an LMV-resistant state. However, our study was designed
to analyze any difference in the antiviral efficacy, and the
time taken to achieve sufficient HBV DNA suppression
after commencement of antiviral therapy when LMV was
switched to ADV because LMV resistance had developed.
We demonstrated that ADV had slower and less potent
antiviral effect, which most clinicians have suspected until
now using the hybridization assays, and verified these
findings using real time PCR.

In conclusion, the antiviral efficacy of ADV in patients
with LMV-resistant HBV appears to be slower and less
potent than that of LMV against wild type HBV during
the early course of treatment. However, the superior initial
antiviral efficacy of LMV was reduced in the later course
of treatment because of the appearance of drug resistant
viral mutations.
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