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Background/Aims: To investigate the association between 
the baseline profiles and dynamics of hepatitis B virus (HBV) 
DNA polymerase gene mutations and the long-term virologi-
cal response of lamivudine (LAM)-adefovir (ADV) combina-
tion therapy in patients with LAM-resistant chronic hepatitis 
B. Methods: Seventy-five patients who received LAM-ADV 
combination therapy for more than 12 months were ana-
lyzed. Restriction fragment mass polymorphism assays were 
used to detect and monitor the dynamics of LAM- and ADV-
resistant mutations. Results: The median duration of LAM-
ADV combination therapy was 26 months (range, 12 to 58 
months). The baseline mutation profiles, rtM204I (p=0.992), 
rtM204I/V (p=0.177), and rtL180M (p=0.051), were not 
correlated with the cumulative virological response, and the 
baseline HBV DNA level (p=0.032) was the only independent 
predictive factor for cumulative virological response. Tests for 
LAM- and ADV-resistant mutations were performed in 12 sub-
optimal responders in weeks 48 and 96. The population of 
rtM204 mutants persisted or increased in 8 of 12 patients, 
and rtA181T mutants newly emerged as a minor population 
in four patients until 96 weeks. Nevertheless, the viral loads 
progressively decreased during rescue therapy, and these 
dynamics did not correlate with virological response. Conclu-
sions: The baseline profile and dynamics of LAM-resistant 
mutations during LAM-ADV combination therapy are not as-
sociated with a virological response. (Gut Liver 2015;9:103-
108)
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INTRODUCTION

Lamivudine (LAM) has been used as a first-choice therapy for 
chronic hepatitis B because of its potency and safety.1,2 How-
ever, the efficacy of long-term LAM therapy is compromised by 
resistance to the drug, and LAM-resistant mutation increases by 
16% to 32% at 1 year and up to 70% at 4 years of therapy.3,4 
The emergence of this mutation has become a persistent prob-
lem in patients under long-term LAM monotherapy, thus mak-
ing the management of LAM resistance is a major issue in the 
treatment of chronic hepatitis B.

Adefovir dipivoxil (ADV), an oral pro-drug of adefovir, has 
an antiviral activity not only in treatment-naive patients but 
also in those with LAM-resistant mutation.5,6 LAM-ADV com-
bination therapy remarkably reduces the emergence of ADV-
resistant mutation compared with ADV monotherapy in patients 
with LAM-resistant chronic hepatitis B. Thus, this combination 
therapy has been recommended as one of standard treatment 
plan for such patients.7-9 However, long-duration of LAM-ADV 
combination for achieving virological response was needed in 
patients with LAM-resistant chronic hepatitis B and it does not 
always guarantee complete response. A high level of hepatitis B 
virus (HBV) DNA, a lower level of alanine transaminase (ALT), 
the presence of hepatitis B e antigen (HBeAg), and the presence 
of liver cirrhosis were found to be associated with poor virologi-
cal response in long-term LAM-ADV combination therapy.10-12

Various mutations in the HBV DNA polymerase gene have 
caused antiviral agent resistance and rtM204 mutations were 
strongly contributed to LAM-resistance. Mutation profiles 
emerged during LAM therapy was associated with clinical 
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outcome of rescue therapy and rtM204I were associated with 
favorable outcome during ADV rescue therapy in several re-
ports.13,14 However, this result was not constantly revealed in 
other studies.10,11 Furthermore, these initial mutants were per-
sistently detected in patients with suboptimal response to ADV 
add-on therapy but association between clinical significance of 
these dynamics of mutants and clinical outcomes was not con-
clusively identified in previous studies.15-17

The aims of this study were to investigate the association 
between the baseline mutation profile in HBV DNA polymerase 
gene and the population dynamics of mutants, and the virologi-
cal response of LAM-ADV combination therapy in patients with 
LAM-resistant HBeAg-positive chronic hepatitis B.

MATERIALS AND METHODS

1. Study population

Between October 2006 and September 2010, 83 LAM-resis-
tant HBeAg-positive chronic hepatitis B patients were consecu-
tively enrolled in Soonchunhyang University Hospital, Cheonan, 
Korea. All 83 patients had experienced virological breakthrough 
and documented LAM-resistant mutations using restriction 
fragment mass polymorphism (RFMP) assay. A follow-up evalu-
ation was performed every 3 months, wherein serum biochemis-
try was examined and tests for HBeAg, anti-HBe antibody, and 
HBV-DNA level were performed. The exclusion criteria were as 
follows: (1) insufficient follow-up time (<12 months); (2) coin-
fection with hepatitis C or human immunodeficiency virus; (3) 
presence of other causes of chronic liver disease including hepa-
totoxic drug, autoimmune hepatitis, Wilson’s disease, or pri-
mary biliary cirrhosis; (4) presence of hepatocellular carcinoma 
beyond the Milan criteria; (5) presence of any clinical evidence 
of hepatic decompensation such as esophagogastric variceal 
bleeding, uncontrolled ascites, and hepatic encephalopathy; and 
(6) heavy alcohol consumption (>60 g of alcohol per day over 6 
months). Of the 83 subjects, eight were excluded from the study 
because of loss to follow-up (n=6) and withdrawal of informed 
consent (n=2). This study was approved by the Institutional Eth-
ics Committee of Soonchunhyang University Hospitals, Cheon-
an, Korea.

2. Methods and definitions

HBsAg, HBeAg, and anti-HBe antibody were detected using 
microparticle enzyme immunoassays available as commercial 
kits (Abbott, Wiesbaden, Germany). Serum HBV DNA levels 
were monitored every 3 months with the COBAS AmpliPrep/
COBAS TaqMan HBV kit (Roche Diagnostics, Mannheim, Ger-
many), which has a lower detection limit of 100 copies/mL. 
Virological response and biochemical response were defined 
as undetectable serum HBV DNA levels (<100 copies/mL) dur-
ing treatment and a decrease of the serum ALT levels to within 
the normal range, respectively. Virological breakthrough was 

defined as an increase in the serum HBV DNA level by 1 log10 
above the nadir on at least two consecutive occasions, and sub-
optimal response was defined as residual HBV DNA levels of 4 
log10 copies/mL or higher at week 48.18 Liver cirrhosis was diag-
nosed by histology or imaging features along with the presence 
of thrombocytopenia, esophageal varices, ascites or encepha-
lopathy.19

3. Detection of HBV polymerase mutations

LAM-associated mutations including rtL180M and rtM204I/
V were identified at the baseline by using the RFMP assay, 
which was performed using matrix-assisted laser desorption/
ionization-time of flight mass spectrometry as described previ-
ously.20 The RFMP assay showed a high sensitivity for detection 
of minor mutant populations in mixtures of wild-type and mu-
tant viruses. It had showed a clear correlation between the peak 
ratios and relative genotype concentrations of different YMDD 
motif-containing plasmids in mixed populations, so the changes 
of relative population of mutants can be assessed by RFMP as-
say during antiviral therapy. Serial blood samples were collected 
from patients every 3 months during the LAM-ADV combina-
tion therapy and stored at 70°C. For evaluation of the dynamics 
of mutants during rescue therapy, rtL180, rtA181, rtM204, and 
rtN236 mutations were tested using RFMP assay at baseline, 48 
weeks, and 96 weeks of LAM-ADV combination therapy.

4. Statistical analysis 

All data are expressed as median (range). The chi-square 
and Fisher exact tests were used to compare variables between 
groups. The Mann-Whitney U-test was used for continuous 
variables. The cumulative probability of virological response 
was calculated using the Kaplan-Meier method and differences 
between groups were calculated using log-rank test. Cox regres-
sion was applied to evaluate the effect of each clinical variable 
on cumulative virological response. Statistical significance was 
set at p<0.05. All analyses were performed using the SPSS soft-
ware version14.0 (SPSS Inc., Chicago, IL, USA).

RESULTS 

1. Baseline characteristics of the study subjects

The median age of the subjects was 45 years (range, 20 to 81 
years). The median baseline serum HBV DNA level was 7.4 log10 
copies/mL (range, 4.2 to 9.7 log10 copies/mL). The median dura-
tion of LAM-ADV combination therapy was 26 months (range, 
12 to 58 months). The rtM204I mutation was identified in 37 
(49%), rtM204V in 27 (36%), and both mutations in 11 patients 
(15%). The rtL180M mutation was detected in 51 patients (68%) 
(Table 1). Thirty-three patients (87%) with rtM204V mutation 
and 24 patients (50%) with rtM204I mutation were accompa-
nied with rtL180M mutation. 
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2. Clinical outcomes of LAM-ADV combination therapy 

The cumulative virological response rates were 8%, 21%, and 
36% after 24, 48, and 96 weeks, respectively (Fig. 1). The cumu-
lative biochemical response rates were 77%, 84%, and 86% at 
24, 48, and 96 weeks, respectively. The HBeAg seroconversion 
rates were 1.3% and 5.7% at 48 and 96 weeks, respectively. Two 
patients experienced ADV-resistant mutation with virological 
breakthrough at 84 and 96 weeks of LAM-ADV combination 
therapy. 

3. Predictive factors for virological response

In univariate analysis, lower baseline HBV DNA level 

(p=0.017) was significantly associated with cumulative viro-
logical response but age (p=0.864), gender (p=0.083), cirrhosis 
(p=0.166), and higher baseline ALT (p=0.578) were not related 
with cumulative virological response. Baseline mutation profiles, 
rtL180M (p=0.051), rtM204I (p=0.992), and rtM204I/V (p=0.177) 
were not correlated with cumulative virological response (Table 
2). Multivariate analysis revealed that only lower baseline HBV 
DNA level (p=0.032) still remained as a significant independent 
predictive factor for cumulative virological response during 
LAM-ADV combination therapy. 

4. Dynamics of LAM- and ADV-resistant mutations in pa-
tients with suboptimal virological response

In 32 patients with suboptimal response during 48 weeks 
of LAM-ADV combination therapy, serial blood samples from 
baseline to week 96 with 12-week intervals were available in 
12 patients. LAM-resistant (rtL180M and rtM204I/V) and ADV-
resistant (rtA181V/T and rtN236T) mutation profiles were fol-
lowed through RFMP assay at weeks 48 and 96 of the combina-

Table 1. Baseline Characteristics of the Study Subjects

Characteristic Value 

No. of patients 75

Age, yr 45 (20–81)

Sex, male/female 50/25

Diagnosis, chronic hepatitis/cirrhosis 67/8

HBeAg positivity 75 (100)

ALT, IU/L 82 (14–1,864)

Creatinine, mg/dL 0.8 (0.4–1.1)

HBV DNA, log10 copies/mL 7.4 (4.2–9.7)

Duration of lamivudine therapy, mo 25 (9–96)

Duration of lamivudine-adefovir therapy, mo 26 (12–58)

Lamivudine-resistant mutation

   rtM204V/I 75 (100)

      rtM204I 37 (49)

      rtM204V 27 (36)

      rtM204I+V 11 (15)

   rtL180M  51 (68)

Data are presented as median (range) or number (%).
HBeAg, hepatitis B e antigen; ALT, alanine aminotransaminase; HBV, 
hepatitis B virus.

Fig. 1. Cumulative virological response rate after LAM-ADV combi-
nation therapy.
HBV, hepatitis B virus; LAM, lamivudine; ADV, adefovir. 
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Table 2. Univariate and Multivariate Analysis of the Baseline Factors Associated with Cumulative Virological Responses

Univariate Multivariate

OR (95% CI) p-value OR (95% CI) p-value

Age (<40 yr) 0.93 (0.42–2.04) 0.864 - -

Gender (male) 0.51 (0.24–1.09) 0.083 0.81 (0.36–1.81) 0.611

Cirrhosis (no) 0.46 (0.15–1.37) 0.166 0.51 (0.16–1.61) 0.248

ALT (>200 IU/mL) 1.26 (0.55–2.89) 0.578 - -

Baseline HBV-DNA (<7 log10 copies/mL) 2.45 (1.17–5.12) 0.017 2.33 (1.07–5.07) 0.032

rtL180M mutation (yes) 2.61 (0.99–6.81) 0.051 2.44 (0.91–6.55) 0.077

rtM204I (versus rtM204V+rtM204I/V) 1.01 (0.48–2.06) 0.992 - -

rtM204I/V (versus rtM204I+rtM204V) 0.37 (0.08–1.56) 0.177 0.28 (0.66–1.23) 0.094

OR, odds ratio; CI, confidence interval; ALT, alanine aminotransaminase; HBV, hepatitis B virus.
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tion therapy. None of these 12 patients had ADV-resistance at 
the start of the combination therapy. Baseline rtL180 mutation 
was found in five patients, and this mutation was persisted until 
week 96 in five patients. The rt180 mutation newly emerged in 
three patients at week 48 and detected in one of them at week 
96 (Table 3). The LAM-resistant mutation, rtM204 persisted in 
all of 12 patients after 48 weeks and 11 of 12 patients at 96 
weeks of combination therapy.

The relative population of wild-type and mutant virus was 
analyzed by RFMP assay at baseline, weeks 48 and week 96. 
The relative numbers of rtM204 mutants was increased in one 
(patient 1), decreased in four (patient 2–5), and sustained in 
seven (patient 6–12) of 12 suboptimal responders (Table 3). Nine 
of the 12 patients persistently showed suboptimal response at 
week 96, but none of the 12 patients experienced virological 
breakthrough. However, HBV DNA levels during 96 weeks of 
rescue therapy of the 12 suboptimal responders were progres-
sively decreased and not correlated with the trend of the viral 
population (Fig. 2). The ADV-resistant mutation, rtN236T was 
not found in 12 patients at 48 and 96 weeks of rescue therapy; 
however, rtA181T mutants emerged as a minor population in 
two and four patients at weeks 48 and 96, respectively. How-
ever, none of these four patients who developed the rtA181T 
mutation showed virological breakthrough during 96 weeks of 
LAM-ADV combination therapy. 

DISCUSSION

The emergence of mutations in the HBV polymerase gene has 
become a major problem during LAM therapy in patients with 
chronic hepatitis B, and many studies have demonstrated the 

superiority in treatment efficacy and drug-resistance prevention 
of on-going LAM to ADV rescue therapy.9,10,21 Although this 
add-on therapy was one of the standard treatments for LAM-
resistant chronic hepatitis B, its efficacy was limited in HBeAg-
positve patients.10-12 In this study, mutation profiles of rtL180 
and rtM204 prior LAM-ADV rescue therapy and dynamics of 
mutants in several suboptimal responders were not associated 
with cumulative virological response in HBeAg-positive LAM-
resistant chronic hepatitis B patients. 

In this study, in 11 of 12 suboptimal responders, rtM204 mu-
tants were persistently detected by RFMP assay during 96 weeks 
of LAM-ADV combination therapy. Several studies reported that 

Table 3. Hepatitis B Virus DNA Level and Mutation Profiles during Lamivudine-Adefovir Combination Therapy

Patients

Before the combination therapy After 48 weeks of combination therapy After 96 weeks of combination therapy

HBV  
DNA*

rt180
L:M†

rt204
M:I:V

rt181
A:T

rt236
N:T

HBV
DNA

rt180
L:M

rt204
M:I:V

rt181
A:T

rt236
N:T

HBV
DNA

rt180
L:M

rt204
M:I:V

rt181
A:T

rt236
N:T

1 8.09 1:0 1:2:0 1:0 1:0 5.31 2:1 0:7:1 1:0 1:0 3.16 3:1 0:7:1 1:0 1:0

2 5.78 1:0 0:1:0 1:0 1:0 6.12 1:0 1:8:0 1:0 1:0 6.11 1:0 1:1:0 2:1 1:0

3 6.82 1:0 2:2:1 1:0 1:0 5.46 9:1 7:1:0 1:1 1:0 5.94 1:0 1:0:0 5:1 1:0

4 9.01 1:0 0:1:0 1:0 1:0 4.98 7:1 1:1:0 6:1 1:0 4.61 1:0 6:1:0 9:1 1:0

5 7.01 0:1 0:1:0 1:0 1:0 4.76 1:3 1:7:0 1:0 1:0 5.61 1:1 1:1:0 3:1 1:0

6 7.85 1:2 0:1:0 1:0 1:0 5.37 2:1 0:1:0 1:0 1:0 4.93 2:1 0:1:0 1:0 1:0

7 8.91 1:0 0:1:0 1:0 1:0 5.42 1:0 0:1:0 1:0 1:0 5.61 1:0 0:1:0 1:0 1:0

8 8.81 1:0 0:1:0 1:0 1:0 5.47 1:0 0:1:0 1:0 1:0 4.36 1:0 0:1:0 1:0 1:0

9 9.01 0:1 0:0:1 1:0 1:0 5.74 0:1 0:0:1 1:0 1:0 6.08 0:1 0:0:1 1:0 1:0

10 8.89 1:3 0:1:1 1:0 1:0 5.01 1:5 0:1:4 1:0 1:0 4.98 1:4 0:1:4 1:0 1:0

11 7.71 1:0 0:1:0 1:0 1:0 6.31 1:0 0:1:0 1:0 1:0 3.61 1:0 0:1:0 1:0 1:0

12 8.93 0:1 0:0:1 1:0 1:0 5.76 0:1 0:0:1 1:0 1:0 5.38 0:1 0:0:1 1:0 1:0

HBV, hepatitis B virus.
*Log10 copies/mL; †Ratio of wild-type to mutants.

Fig. 2. Serum hepatitis B virus (HBV) DNA levels during 96 weeks of 
lamivudine-adefovir combination therapy in patients with suboptimal 
responses. Dotted line, patients with increasing mutant populations; 
dashed lines, patients with decreasing mutant populations; and solid 
lines, patients with sustained mutant populations.
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LAM-resistant mutation were prolonged in patients with poor 
response to LAM-ADV combination therapy.15,16 Because the 
clinical dose of ADV 10 mg was insufficient for controlling HBV 
replication, ADV has shown poorer clinical outcomes compared 
with other antiviral agents in treatment-naive patients with 
chronic hepatitis B. This is the primary reason for the persis-
tence of LAM-resistant mutation in suboptimal responders dur-
ing LAM-ADV combination therapy. Another possible reason is 
on-going LAM to prevent the emergence of ADV-resistant mu-
tations, and LAM maintenance itself confers a strong selective 
pressure toward the emergence of LAM-resistant mutations.9,22,23

The rtL180M could compensate for the impact of a mutation 
in the YMDD motif on viral replication in vitro.24 In the present 
study, baseline rtL180M was not associated with cumulative vi-
rological response. Furthermore, rtL180M mutations were newly 
emerged in four patients as minor population at 48 weeks of 
LAM-ADV combination therapy but they were restored as 
baseline mutation profile at 96 weeks. It is also observed in the 
trends of YMDD mutations during combination therapy. There-
fore, LAM-resistant mutation, rtL180 and rtM204 profiles, was 
persistently detected with minor evolution by RFMP assay in 
assessable subjects of this study and this trends were not associ-
ated with virological response during 96 weeks of LAM-ADV 
combination therapy.

The relative population of mutants and wild-type virus could 
be evaluated through RFMP assay. Even though long-term 
LAM-ADV rescue therapy guarantee favorable outcome in sev-
eral patients, the mutant virus was the major population in more 
than half of the suboptimal responders. In this study, rtA181 
mutants emerged in four patients who showed rtM204 mutants 
gradually decreased during rescue therapy. However, there is no 
association between the newly emerging mutants and virologi-
cal response in these four suboptimal responders. Furthermore, 
near all of 12 suboptimal responders had experienced gradual 
decrease of HBV DNA level, the changes of relative population 
of mutants was not compatible with these HBV DNA changes.  
Interestingly, in patient 1, the total viral load progressively 
decreased, but the rtM204 mutant population increased with 
that having a newly emerged compensatory mutation, rtL180, 
during the LAM-ADV combination therapy. Thus, we observed 
that viral evolution during LAM-ADV rescue therapy was not 
significantly correlated with clinical outcome.

A study from Italy reported the rtA181 substitution, which 
was detected at the initiation of LAM-ADV combination 
therapy, was associated with poor virological response.25 In the 
present study, the rtA181 mutation emerged during 96 weeks of 
LAM-ADV combination therapy in four suboptimal responders 
who did not have the mutation at baseline. Both LAM and ADV 
can be a selection pressure on emerging of rtA181 mutation, 
thus, the exact cause for the emergence of this mutation was 
not clear during the combination therapy.26 However, the rela-
tive population of the rtA181 mutants was smaller than that of 

the wild-type virus, and these four patients with rtA181 muta-
tion did not experience virological breakthrough during 2 years 
of LAM-ADV combination therapy. Several studies have report-
ed that patients with a minor population of HBV polymerase 
gene mutation rarely show viral breakthrough during prolonged 
antiviral therapy.27-29

Some of the limitations of this study include methods the as-
say work in mutation detection. RFMP assay is very sensitive 
and reproducible in the clinical field. However RFMP assay has 
to design target site before assay and it could detect limited do-
main. Therefore, this assay could not evaluate various or entire 
region of polymerase gene, unlikely direct sequencing or clon-
ing assay. Second is analysis for dynamics of mutants had not 
done in all suboptimal responders and subjects with virological 
breakthrough because available blood samples were limited for 
this study.

In summary, baseline mutation profile in HBV DNA poly-
merase was not associated with virological response to long-
term LAM-ADV combination therapy in patients with HBeAg-
positive LAM-resistant chronic hepatitis B. Most of the rtM204 
mutants persisted up to 96 weeks of rescue therapy, and the 
evolution of LAM-resistant mutations existing before the com-
bination therapy showed a stationary trend. ADV-resistant 
mutants were newly emerged, but they remained as a minor 
population with clinical significance. 

In conclusion, baseline profiles and the dynamics of muta-
tions were not correlated with virological response during LAM-
ADV combination therapy. 
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