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Background/Aims: The aim of our study was to define the potential role of virologic response at 12
months of treatment (VR12) in predicting subsequent
virologic and clinical outcomes in adefovir (ADV)-treated
lamivudine-resistant chronic hepatitis B. Methods: Two
hundred and four patients with lamivudine-resistant
chronic hepatitis B virus (HBV) treated with ADV monotherapy were included. Serum HBV DNA was quantified by real-time polymerase chain reactions. VR12
was defined as a HBV DNA level of less than 4 log10
copies/mL after 12 months of ADV treatment.
Results: VR12 was observed in 110 of the 204 patients (54%). The mean HBV DNA reductions from
baseline after 12 months of ADV treatment were 3.8
and 1.9 log10 copies/mL in patients with and without
VR12, respectively (p＜0.001). The hepatitis B “e” antigen (HBeAg) seroconversion rates in patients with and
without VR12 were 32% and 14% at 12 months treatment, respectively (p=0.018), and 40% and 27% at 24
months of treatment (p=0.032). The genotypic mutation rates to ADV in patients with and without VR12
were 0% and 6% at 12 months of treatment, respectively (p=0.033), and 21% and 42% at 24 months (p=
0.012). The rates of viral breakthrough in patients with
and without VR12 were 0% and 7% at 12 months of
treatment, respectively (p=0.072), and 9% and 25% at
24 months (p=0.006). Conclusions: Patients without
VR12 may need to switch to or add on other potent
antiviral drugs in their medical regimens. (Gut Liver
2010;4:212-218)
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INTRODUCTION
Adefovir dipivoxil (ADV) is a nucleotide analogue that
selectively inhibits viral polymerases and reverse transcriptases and it has broad-spectrum antiviral activity
against both wild-type hepatitis B virus (HBV) and lamivudine (LMV)-resistant HBV mutants in vitro and in
1,2
vivo. The benefits of ADV therapy, as compared to LMV
therapy, for the patients with chronic HBV are delayed
and infrequent selection of drug-resistant viruses in nu3,4
cleos(t)ide naïve patients.
Recently, monitoring of the serum HBV DNA levels has
become necessary to assess the initial response to the antiviral drug regimen and to determine whether the antiviral effect is maintained during therapy. This monitoring
allows predicting of biochemical remission, the subsequent
hepatitis B “e” antigen (HBeAg) seroconversion, and the
5,6
occurrence of drug resistance. For patients with LMVtreated chronic HBV infection, a greater reduction of the
serum HBV DNA levels early in treatment is associated
7-9
with better clinical outcomes and lower resistance rates.
The aims of our study were to characterize the potential role of the virologic response at the time of 12
months of treatment for predicting the subsequent viro-
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logic and clinical outcomes and to determine the factors
that are associated with the virologic response at the time
of 12 months of treatment for patients with ADV-treated
LMV-resistant chronic hepatitis B.

MATERIALS AND METHODS
1. Patients
All the adult patients with LMV-resistant, chronic HBV
infection and who were referred to the Liver Clinic of
Korea University Guro Hospital in Seoul, Korea, from
December 2002 to March 2006 and who had received
ADV for at least 6 months were included in this study.
The data was retrospectively collected from 204 of these
patients. Informed consent was obtained from each patient, and the experimental protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki as
reflected by the prior approval of the Korea University
Guro Hospital Human Research Committee.
2. Biochemical and virologic monitoring
A routine complete blood count and liver biochemical
tests to measure the serum levels of aspartate transaminase (AST), alanine transaminase (ALT), total bilirubin, albumin, blood urea nitrogen and creatinine, and a
measurement of the prothrombin time were performed
for each patient. Hepatitis B surface antigen (HBsAg) was
measured using commercially available radioimmunoassay
kits (Abbot Laboratories, North Chicago, IL, USA). HBeAg
and antibody to HBeAg levels were measured using radioimmunoassay kits (B.J.INEM.Co., Beijing, China). Tests
for assessing the biochemical liver function and viral replication were done every 2-3 months during the ADV
treatment.
3. HBV DNA quantification by real-time PCR
Quantitative analysis of the serum HBV DNA in the
stored serum samples was retrospectively performed. For
the real-time polymerase chain reaction (PCR) quantification, the viral DNA was extracted using a Qiagen Blood
Kit (Qiagen, Chatworth, CA, USA) according to the manufacturer’s instructions. Real-time PCR was performed
Ⓡ
with an Applied Biosystems 7300 Real Time PCR System
(Applied Biosystems, Foster City, CA, USA) as described
10
previously. This method is sufficiently sensitive to detect as few as 300 copies of HBV genome per milliliter of
serum.
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4. ADV- and LMV-resistant mutation analysis by
mass spectrometry analysis of the oligonucleotide fragment
Detection of the ADV- and LMV-resistant mutations by
mass spectrometry analysis of the oligonucleotide fragment via restriction fragment mass polymorphism (RFMP)
10
was performed as previously described.
Briefly, two microliters of viral DNA was used for the
PCR reaction. For the RFMP genotyping, PCR was performed in an 18-μL reaction mixture containing 20 mM
Tris-HCl (pH 8.4), 50 mM KCl, 0.2 mM of each dNTP,
Ⓡ
10 pmol of each primer, and 0.4 units of Platinum Taq
DNA polymerase (Invitrogen, Carlsbad, CA, USA). The
amplification condition included an initial denaturation
o
step at 94 C for 2 minutes, followed by 35 cycles of denaturation at 94oC for 30 seconds, annealing at 55oC for 30
o
seconds, and extension at 72 C for 30 seconds. Restriction
enzyme digestion of the PCR products was performed.
The mass spectra were acquired on a linear MALDI-TOF
MS (Bruker Daltonics Biflex IV, Billerica, MA, USA) work
station.
5. Definitions
Virologic response at 12 months (VR12) was defined as
HBV DNA less than 4 log10 copies/mL at 12 months after
starting treatment in the patients who had HBV DNA,
over 4 log10 copies/mL at treatment baseline. Virologic
breakthrough (VBT) was defined as a greater than or
equal to a 1 log10 increase in the serum HBV DNA level
from the nadir on two consecutive occasions after an initial virologic response. Genotypic mutation was defined as
the detection of mutation in the HBV polymerase gene
using mass spectrometry analysis of the oligonucleotide
fragment.
6. Statistical analysis
Statistical testing was performed using SPSS version
13.0. The values are expressed as means±standard error
of the mean (SEM). The HBV DNA levels were logarithmically transformed for analysis. Continuous variables
were compared using the 2-tailed Student’s t-test. The
2
categorical data were compared using the two-tailed χ
test or Fisher’s exact test. The factors associated with
VR12 were analyzed by univariate analysis and multivariate logistic regression analysis. The cumulative probability of ADV-resistant mutations and the HBeAg seroconversion rate was estimated by Kaplan-Meier analysis.
p-values＜0.05 were considered statistically significant.
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Table 1. Baseline Characteristics of 149 Lamivudine-resistant ADV-treated Chronic Hepatitis B Patients
Variable

With VR12
(n=81)

Age, yr
44.3±1.1
Male/Female
67/14
HBV DNA, log10 copies/mL
6.96±0.14
AST, IU/L
234.8±24.1
ALT, IU/L
352.4±36.2
Albumin, g/L
2.10±0.36
Total bilirubin, mg/dL
3.96±0.07
HBeAg (＋)/(−)
50/31
Mean duration of LMV prior to ADV, mo 30.7±1.86
Duration of ADV treatment, mo
20.3±0.94
Chronic hepatitis B/Liver cirrhosis
43/38

Without VR12
(n=68)
45.9±1.2
53/15
7.53±0.10
130.0±15.1
211.8±24.6
1.30±0.13
4.06±0.08
58/10
31.6±1.98
21.5±0.96
45/23

Total
(n=149)

p-value

45.2±0.7
120/29
7.24±0.08
185.6±13.1
282.8±20.5
1.78±0.17
4.01±0.46
108/41
31.2±1.20
18.2±0.64
88/61

0.315
0.463
0.002
0.001
0.002
0.059
0.378
0.001
0.761
0.387
0.106

Virologic response at 12 month (VR12) was defined as hepatitis B virus (HBV) DNA less than 4 log10 copies/mL after 12 months
of adefovir (ADV) treatment. Values are represented as Mean±Standard error of the mean.

RESULTS
1. Baseline characteristics of the patients prior to
adefovir treatment
Two hundred four patients were included in the study.
Fifty-five patients who were not followed up for longer
than 12 months after starting ADV were excluded from
the final analysis. Table 1 summarizes the baseline characteristics of the 149 LMV-resistant patients who were
treated with ADV. One hundred twenty (81%) patients
were men and 20 were women, and the mean age of the
total patients was 45 years. One hundred eight (72%) patients were HBeAg-positive with a mean serum ALT level
of 186 IU/L. The average level of serum HBV DNA was
7.24 log10copies/mL. Sixty-one patients had compensated
liver cirrhosis. The mean duration of LMV treatment prior to beginning treatment with ADV was 31 months, and
the mean duration of ADV treatment was 18.2 months.
2. Comparison of the HBV reduction in the patients with or without VR12

Fig. 1. The median hepatitis B virus (HBV) DNA reduction
from baseline after 12 months of treatment with adefovir
(ADV) in patients with (■) or without (■) a virologic
response at 12 months (VR12). VR12 was defined as HBV
DNA less than 4 log10 copies/mL after 12 months of treatment
in patients with HBV DNA exceeding 4 log10 copies/mL at the
treatment baseline. The median and quartile values are
represented as a horizontal bar and square, respectively.

VR12 was achieved in 81 of the 149 patients (54%).
Compared with the patients who did not achieve VR12,
those who did had a greater reduction of their serum
HBV DNA from baseline to 12 months of treatment (3.8
log10 copies/mL vs 1.9 log10 copies/mL, p＜0.001). At 24
months treatment, the mean reduction of the serum HBV
DNA levels was 3.5 log10 copies/mL vs 2.4 log10 copies/mL in the patients who did and did not achieve
VR12, respectively (p=0.037) (Fig. 1).

those who did had a higher cumulative HBeAg seroconversion rate at 12 months treatmet (32% vs 14%,
p=0.018) and at 24 months treatment (40% vs 27%,
p=0.032) (Fig. 2). The ALT normalization at 6 months
treatment was 88% vs. 69% for each group, respectively
(p＜0.05). At 12 and 24 months after starting treatment,
there was no significant difference of ALT normalization
between the two groups (p=NS).

3. HBeAg seroconversion and the biochemical response in the patients with or without VR12

4. Genotypic mutation to ADV in the patients with
or without VR12

Compared with the patients who did not achieve VR12,

The ADV-resistant mutations rtA181V/T or rtN236T
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were detected in 57 of the 149 patients (38.3%) during
the course of ADV treatment. Compared with the patients who did not achieve VR12, those who did had a
significantly lower incidence of developing genotypic mutation to ADV at 12 months treatment (46% vs 18%,
p=0.034). At 24 months treatment, the proportion of patients who developed genotypic mutation to ADV was
55% and 44%, in each group, respectively (p=0.036)
(Fig. 3A).
11
Locarnini et al. reported that the rtA181T mutation induces no antiviral resistance to ADV in vitro. When we
analyzed the patients who carried only rtA181V or
rtN236T, mutations were detected in 33 of 149 (22.1%)
during the course of ADV treatment. Compared with patients who did not achieve VR12, those who did showed

a higher rate of genotypic mutation to ADV at 12 months
treatment (0% vs 6% p=0.033). This difference in the incidence of genotypic mutation between the two groups
was still present at 24 months treatment (21% vs 42%,
p=0.012) (Fig. 3B).

Fig. 2. Cumulative incidence of HBeAg seroconversion in
patients with or without a virologic response at 12 months
(VR12).

Fig. 4. Cumulative incidence of a virologic breakthrough in
patients with or without virologic response at 12 months
(VR12).

5. Viral breakthrough in the patients with or without VR12
Viral breakthrough was more common in the patients
without VR12 as compared to that of the patients with
VR12. At 12 months of ADV treatment, viral breakthrough had developed in 0% and 7% of the patients
with and without VR12, respectively (p=0.072). At 24
months treatment, viral breakthrough was found in 9%

Fig. 3. The cumulative incidences of genotypic resistance -including A181V, N236T, and A181T (A), and A181V and N236T (B)- to
adefovir (ADV) in patients with or without virologic response at 12 months (VR12) among the lamivudine-resistant chronic
hepatitits B patients who were treated with ADV.
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Table 2. Factors Associated with VR12
Variables
Baseline serum HBV DNA
Pretreatment ALT
Pretreatment HBeAg positivity
Presence of cirrhosis
Previous LMV treatment

Univariate analysis
p-value

Multivariate analysis
p-value

0.01
0.02
0.01
0.106
0.761

0.002
0.007
0.001
0.168
0.476

Multivariate adjusted OR
(95% CI)
1.555
1.002
3.208
1.414
1.371

(1.033)
(1.001)
(1.033)
(0.644)
(0.598)

Virologic response at 12 month (VR12) was defined as a hepatitis B virus (HBV) DNA level less than 4 log10 copies/mL at 12
months treatment.
OR, odds ratio; CI, confidence interval; HBeAg, hepatitis B “e” antigen; LMV, lamivudine.

and 25% of the patients in each group, respectively
(p=0.006) (Fig. 4).
6. The factors associated with VR12
When comparing the baseline characteristics between
the patients with or without VR12, there was no significant difference in age, gender, and the previous duration of LMV treatment. The patients who achieved VR12
were less likely to be HBeAg-positive (62% vs 85%,
p=0.001), and they had higher ALT levels (352 IU/L vs
212 IU/L, p=0.002) and lower serum HBV DNA levels
(6.9 log10 copies/mL vs 7.5 log10 copies/mL, p=0.002)
compared to those of the patients who did not have
VR12.
When we analyzed the factors associated with VR12 by
multivariate analysis, the baseline serum HBV DNA levels, the pretreatment ALT levels, and the presence or absence of HBeAg were the independent factors with statistical significance (Table 2).

DISCUSSION
It has been suggested that the antiviral response at key
time points of treatment may be a valuable predictor of
future treatment outcomes. In previous study for patients
with chronic hepatitis C virus (HCV) infection, the reduction of the serum HCV RNA levels at 1 or 3 months
treatment had a strong power to predict a sustained viro12,13
logic response and the total duration of treatment.
However, in patients with a chronic HBV infection, an
antiviral response as an indicator of future treatment outcomes has not yet been fully determined. Previous studies
14
9,15
the
suggested that the HBV genotype, the ALT level,
degree of the decline of the HBV DNA level during
16,17
the presence of HBeAg,15,18 the presence of
therapy.
19
core promoter mutations, and HBV core-related anti20
gens were factors that could predict the emergence of
YMDD mutants.

We performed this study to characterize the potential
role of the virologic response at 12 months treatment to
predict subsequent virologic and clinical outcomes and to
determine the factors associated with a virologic response
at 12 months treatment in ADV-treated LMV-resistant
chronic HBV patients.
In our study, the extent of the serum HBV DNA reduction and the incidence of HBeAg seroconversion and ALT
normalization in the ADV-treated LMV-resistant chronic
HBV-infected patients were similar to those previously
21-23
In a Korean study on ADV treatment for
reported.
lamivudine-resistant hepatitis B virus genotype C in24
fection, Kim et al. reported that the incidence of serum
HBV DNA loss and serum HBeAg seroconversion were
88.2% and 14.3% at 12 months of treatment, respectively.
This was also similar to our results.
The virologic response at 12 months treatment (VR12)
was defined as the reduction of the serum HBV DNA level below the level of 4 log10 copies/mL at 12 months of
treatment in patients who had serum HBV DNA levels
over 4 log10 copies/mL at baseline. VR12 was achieved in
54% of the ADV-treated LMV-resistant patients. The
mean serum HBV DNA reduction from baseline to 12
and 24 months treatment was greater in the patients with
VR12 compared with that of the patients without VR12.
In the patients with VR12, HBeAg seroconversion was
more common.
In our study, only 54% of the LMV-resistant patients
treated with ADV achieved VR12. Low antiviral activity
or inefficient conversion from the prodrug (adefovir dipivoxil) to the active compound (adefovir diphosphate) or
previous treatment experience with nucleoside might account for this suboptimal response to ADV. Other recent
studies have shown that the currently approved dose of
ADV was suboptimal and this has been further supported
by recent studies showing its inferiority to tenofovir 300
25
mg. In our study, most of the patients who failed to
achieve VR12 did not have further viral reduction despite
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continued ADV treatment.
The genotypic mutations to ADV more frequently occurred in the patients who did not achieve VR12 than in
those who did. In our study, the ADV resistant mutations
rtA181V/T or rtN236T were detected in 57 of 149 patients (38.3%). Since we detected the genotypic mutation
to ADV using a sensitive and specific RFMP analysis,
which could detect 1% mutants of the total viral population, these factors might explain the higher detection
rate of the ADV mutations in our cases compared to that
3,4,26
Also, pre-existing LMV-rein the previous reports.
sistant mutations and patient factors might have influenced the risk of ADV resistance. Similar to what occurs
in LMV experienced ADV treated patients, it has been reported that an entecavir-resistant mutation developed
more frequently in patients carrying LMV mutations than
27
it did in nucleoside-naïve patients.
11
Locarinini et al. reported that rtA181T did not show
resistance to ADV in their in vitro phenotypic analysis. In
recent papers, however, it became apparent that rtA181T
27,28
When we
has a resistance to ADV likewise rtA181V.
analyzed the patients only carrying rtA181V or rtN236T,
mutations were detected in 22.1% during two years of
ADV treatment, which was similar to the results in other
reports. Even after excluding the patients carrying the
A181T mutation, the incidence of genotypic mutation to
ADV (rtA181V or rtN236T) was higher in the patients
who didn’t have VR12 than that in those patients with
VR12.
In the patients without VR12, viral breakthrough occurred at a significantly higher rate than it did in the patients with VR12. In our multivariate analysis, the factors
associated with VR12 were the baseline serum HBV DNA
levels, the pretreatment ALT levels, and the presence or
absence of HBeAg. Recently, Buti et al. reported that the
female gender, HBeAg negativity and low baseline serum
HBV DNA levels were associated with the response to
29,30
ADV treatment, which was similar to our findings.
Although our study has several limitations, such as a
relatively small number of patients, a relatively short-term
follow-up period, and a potential referral bias, the virologic response at 12 months of ADV treatment may predict the subsequent virologic and clinical outcomes.
Patients who do not achieve VR12 may need to switch to
or add other potent antiviral drugs to their medical
regimens.
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