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Treatment strategies for entecavir (ETV)-resistant chronic hepatitis B (CHB) patients are not yet well established. The aim of
this study was to evaluate overall antiviral efficacy and to compare the efficacy of combination therapy with adefovir (ADV) plus
nucleoside analogues (lamivudine [LAM], telbivudine [LdT], or ETV) in patients infected with LAM- and ETV-resistant hepatitis
B virus (HBV) variants. Virologic, biochemical, and serologic responses during combination therapy with ADV plus nucleoside
analogues were assessed. Propensity score analysis was used to select a matched group of patients for the comparison of rescue
therapy regimens. A total of 67 consecutive patients were analyzed. Complete virologic suppression was achieved in 27 patients.
The overall cumulative incidence of complete virologic suppression at month 24 was 47.4%: 44.3% in the LAM or LdT plus ADV
group and 51.4% in the group given ETV and ADV. There was no significant difference between these two groups (P � 0.234).
The cumulative incidences of complete virologic suppression were still comparable between the two groups selected and
matched using the propensity score model (P � 0.419). Virologic breakthrough was observed in 9 patients, and rtA181V substi-
tution was newly detected in one patient. Hepatitis B e antigen (HBeAg) negativity and lower baseline HBV DNA level were asso-
ciated with complete virologic suppression in univariate analysis. In multivariate analysis, lower baseline HBV DNA level re-
mained an independent predictor. In conclusion, combination therapy with ADV plus nucleoside analogues fails to show
sufficient antiviral efficacy in CHB patients with resistance to both LAM and ETV. Further study is warranted to evaluate the
efficacy of a more potent tenofovir-based regimen in such patients.

Chronic hepatitis B virus (HBV) infection is a serious global
public health problem that leads to liver cirrhosis, liver failure,

and hepatocellular carcinoma (HCC) (1–3). The sustained sup-
pression of viral load has been associated with the prevention of
liver disease progression and inhibition of the development of
long-term complications (4). Therefore, the aim of chronic hep-
atitis B (CHB) treatment is early and sustained viral suppression
(4–6).

Lamivudine (LAM), which was the first nucleoside analogue
approved for the treatment of CHB, has been used widely in pa-
tients with CHB (7). However, resistance to LAM emerges in ap-
proximately 20% of patients after 1 year and in 70% of patients
after 5 years of treatment (8, 9). In contrast, entecavir (ETV) has
excellent antiviral activity with very low risk of developing resis-
tance (�1.2% during 5 years of treatment) in nucleos(t)ide-naive
patients (10–12). However, the cumulative probabilities of geno-
typic resistance to ETV and virologic breakthrough increased to
51% and 43%, respectively, in LAM-refractory patients who were
switched to ETV monotherapy (11). Therefore, for CHB patients
with LAM resistance, current international guidelines recom-
mend switching to tenofovir disoproxil fumarate (TDF), adding
on TDF, or adding on adefovir (ADV), but not switching to ETV
monotherapy (5, 6). However, earlier international guidelines,
which were based on insufficient clinical experiences, recom-
mended switching to 1 mg of ETV per day as one of the treatment
options for CHB patients infected with HBV resistant to LAM (13,
14). Unfortunately, as a result of sequential monotherapy, ETV
resistance in the form of multidrug resistance has developed in a
substantial number of patients.

For patients with both LAM- and ETV-resistant CHB infec-

tion, switching to or adding on TDF or TDF-emtricitabine com-
bination therapy are considered therapeutic options; combina-
tion therapy with ADV plus nucleoside analogues can be used in
countries where TDF is not yet available (5, 6). It has been dem-
onstrated that both ADV and TDF are active in vitro against ETV-
resistant HBV, but clinical data on the efficacy of ADV or TDF
in patients infected with ETV-resistant HBV strains are limited
(15–19).

As rescue therapies for LAM- and ETV-resistant patients, nu-
cleoside analogues, including LAM, telbivudine (LdT), or ETV
can be used combined with nucleotide analogues (i.e., ADV or
TDF). A previous in vitro study reported that ADV had additive
activity in combination with pyrimidine analogues (e.g., LAM and
LdT), while combinations of ADV with ETV or TDF were syner-
gistic (20). Affecting purine metabolism in a way that enhances the
antiviral efficacy may contribute to the synergistic activity of com-
binations of purine analogues (e.g., ADV, TDF, and ETV) (21).

In this study, we investigated the overall antiviral efficacy and
safety of combination therapy with ADV plus one of the nucleo-
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side analogues (LAM, LdT, or ETV) in CHB patients who had
developed resistance to both LAM and ETV after sequential
monotherapy of LAM and ETV. Additionally, the efficacy of res-
cue therapy with ADV plus pyrimidine analogues (LAM and LdT)
was compared with that of ADV plus purine analogue (ETV).

MATERIALS AND METHODS
Study population. We reviewed the electronic medical records of CHB
patients who had developed ETV resistance in addition to prior LAM
resistance after sequential monotherapy with LAM and ETV and were
treated with LAM-ADV, LdT-ADV, or ETV-ADV combination therapy
for at least 6 months. A total of 67 consecutive patients who started treat-
ment with these regimens from February 2009 to August 2012 at a single
tertiary care hospital (Seoul National University Hospital in Seoul, Re-
public of Korea) were included: every day 49 patients received 10 mg ADV
with a pyrimidine analogue, either 100 mg LAM (34 patients) or 600 mg
LdT (15 patients), and 18 patients received 10 mg ADV with 1 mg ETV as
rescue therapy. Patients with the following conditions were excluded:
prior exposure to ADV; prior or current ADV resistance; coinfection with
hepatitis C, hepatitis D, or human immunodeficiency virus; prior organ
transplantation; and a glomerular filtration rate of �50 ml/min, esti-
mated by the Cockcroft-Gault equation.

The study conformed to the ethical guidelines of the World Medical
Association Declaration of Helsinki and was approved by the Institutional
Review Board of Seoul National University Hospital.

Study measurements. All patients were evaluated every 2 to 3 months
with clinical examination and virologic, biochemical, and serologic eval-
uations. Hepatitis B e antigen (HBeAg) and antibody (anti-HBe Ab) were
determined using radioimmunoassay (RIA ELISA rapid kit; Shin Jin Med-
ics, Seoul, Republic of Korea). Serum HBV DNA levels were quantified in
all patients at baseline and at each follow-up visit using the COBAS Am-
pliPrep/COBAS TaqMan version 2.0 assay (Roche Molecular System,
Branchburg, NJ), which has a dynamic range of quantification of 20 � 108

to 1.7 � 108 IU/ml (1.3 to 8 log10 IU/ml) (22). Genotypic resistance,
defined as the emergence of treatment-associated HBV variants confer-
ring resistance to antiviral drug, was evaluated in all patients at baseline
and in patients who developed virologic breakthrough during the treat-
ment period. The amino acid substitutions conferring resistance to LAM
(rtV173L, rtL180M, rtL180V, rtM204I, rtM204V, rtM204S and rtV207I),
ADV (rtA181V and rtN236T) and ETV (rtL180M, rtL180V, rtM204I,
rtM204V, rtM204S, rtI169T, rtV173L, rtT184G, rtT184S, rtT184A,
rtT184I, rtT184L, rtS202G, rtS202I, and rtM250V) were analyzed. Geno-
typic analysis for drug resistance was performed using the direct sequenc-
ing method as previously described (23). Briefly, HBV DNA was extracted
from serum samples, and the HBV polymerase gene was amplified by
nested PCR. The cycle sequencing reaction was performed using the Big-
Dye terminator version 3.1 ready reaction cycle sequencing kit (Applied
Biosystems, Foster City, CA) with an ABI Prism 3730 genetic analyzer
(Perkin-Elmer, Foster City, CA).

Definitions and study endpoints. The primary endpoint was the pro-
portion of patients with complete virologic suppression, defined as unde-
tectable HBV DNA by a sensitive PCR assay. Secondary endpoints in-
cluded biochemical response, HBeAg loss, change in serum HBV DNA
levels relative to the baseline during the follow-up period, virologic break-
through, and initial virologic response at 3 months (IVR-3). A biochem-
ical response was defined as normalization of the serum alanine amino-
transferase (ALT) level. A virologic breakthrough was defined as an
increase in the HBV DNA level of �1 log10 IU/ml above the nadir (lowest
value) HBV DNA level during the treatment period. IVR-3 was defined as
follows: (i) in the case of baseline HBV DNA of �4 log10 IU/ml, a �4 log10

IU/ml decrease in serum HBV DNA level at month 3 after treatment; or
(ii) in the case of baseline HBV DNA of �4 log10 IU/ml, an undetectable
HBV DNA level at month 3 (24, 25).

Statistical analysis. For between group comparisons, the chi-squared
test or Fisher’s exact test was performed for categorical variables, and the

Mann-Whitney U test was performed for continuous variables. Kaplan-
Meier methodology was used for time to event calculations, and the be-
tween group comparisons of hazard rates were performed using the log
rank test. The Cox proportional hazards model was used for multivariate
analysis to predict the outcome, complete virologic suppression. All tests
were performed as two-sided tests. and a P value of �0.05 was considered
significant. All statistical analyses were conducted using SAS software ver-
sion 9.3 (SAS Inc., Cary, NC) and PASW statistical software version 18.0
(IBM, Chicago, IL).

In this retrospective cohort study, a propensity score analysis was used
to select two matched groups of patients and thereby control for potential
confounders of the treatment effect (26). Baseline clinical variables, in-
cluding age, gender, baseline serum HBV DNA level, baseline serum ALT
level, baseline serum creatinine level, duration of ETV therapy before
rescue therapy, ETV resistance profiles, and time point of rescue therapy,
were included in the propensity score generation because these variables
were previously found to influence antiviral efficacy (6, 27–31). Logistic
regression was applied to generate a continuous propensity score ranging
from 0 to 1. Patients who received LAM-ADV or LdT-ADV combination
therapy were matched with 2:1 ratio to patients who received ETV-ADV
using the nearest neighbor method to select patients for this analysis.

RESULTS
Study population. The baseline characteristics of the 67 patients
are summarized in Table 1. Forty-nine patients received a pyrim-
idine analogue (LAM or LdT) plus ADV therapy (the LAM/LdT-
ADV group), 34 patients received LAM plus ADV (LAM-ADV)
therapy, and 15 received LdT-ADV therapy). Eighteen patients
received ETV, a purine analogue, plus ADV therapy (the ETV-
ADV group). The median duration of rescue therapy was 19
(range, 6 to 55) months. All of the patients were confirmed to be
infected with HBV with genotypic resistance to LAM and ETV,
but not to ADV. The median age of patients in the ETV-ADV
group was younger than that of the LAM/LdT-ADV group at base-
line (P � 0.023). At baseline, the two groups did not differ signif-
icantly in gender, serum HBV DNA and ALT levels, HBeAg status,
ETV resistance profiles, and time point of rescue therapy.

Virologic responses. Figure 1 shows the changes in the mean
HBV DNA level at each time point. The overall mean reduction of
serum HBV DNA levels at months 3 and 6 were �2.03 log10 IU/ml
and �2.27 log10 IU/ml, respectively, and there was no significant
difference between the LAM/LdT-ADV group and the ETV-ADV
group (Fig. 1 and Table 2). Complete virologic suppression was
achieved in 27 patients (18 patients were in the LAM/LdT-ADV
group and 9 in the ETV-ADV group) during the treatment period.
The overall mean (� standard deviation [SD]) time required for
complete virologic suppression was 7.8 (�8.1) months; there was
no statistically significant difference between the LAM/LdT-ADV
group and the ETV-ADV group (8.9 � 9.2 versus 5.8 � 4.9
months; P � 0.328). The overall cumulative incidence of complete
virologic suppression at month 24 was 47.4%: 44.3% in the LAM/
LdT-ADV group and 51.4% in the ETV-ADV group (Table 2).
There was no significant difference between the two groups
(LAM/LdT-ADV group versus ETV-ADV group; hazard ratio
[HR], 0.611; 95% confidence interval [95% CI], 0.272 to 1.374;
P � 0.234) (Fig. 2). The cumulative incidences of complete viro-
logic suppression were comparable between the LAM/LdT-ADV
group and the ETV-ADV group among both HBeAg-positive pa-
tients (LAM/LdT-ADV group versus ETV-ADV group; HR,
0.495; 95% CI, 0.138 to 1.768; P � 0.279) (see Fig. S1A in the
supplemental material) and HBeAg-negative patients (LAM/LdT-
ADV group versus ETV-ADV group; HR, 0.626; 95% CI, 0.217 to
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1.810; P � 0.388) (see Fig. S1B in the supplemental material).
Among HBeAg-positive patients, the cumulative incidence of
complete virologic suppression at month 24 was 32.5% in the
LAM/LdT-ADV group and 41.7% in the ETV-ADV group.
Among HBeAg-negative patients, the cumulative incidences of
complete virologic suppression at month 24 were 60.7% in the
LAM/LdT-ADV group and 62.5% in the ETV-ADV group.

Among the pretreatment factors, HBeAg negativity (HR,
2.730; 95% CI, 1.263 to 5.900; P � 0.011) and lower baseline HBV
DNA level (HR, 0.644; 95% CI, 0.500 to 0.828; P � 0.001) were
significantly associated with complete virologic suppression in the
univariate analysis. In the multivariate analysis, only lower base-
line HBV DNA level remained an independent predictor for com-
plete virologic suppression (HR, 0.671; 95% CI, 0.514 to 0.875;
P � 0.003) (Table 3).

Biochemical and serologic responses. Among the 33 patients
with ALT levels above the upper limits of the normal range, 19
patients (57.6%) achieved biochemical response during the treat-
ment period. Cumulative incidences of biochemical response at
month 12 were 58.8% in the LAM/LdT-ADV group and 40% in
the ETV-ADV group (Table 2). There was no statistically signifi-
cant difference between the two groups (LAM/LdT-ADV group
versus ETV-ADV group; HR, 1.221; 95% CI, 0.404 to 3.688; P �
0.723).

Loss of HBeAg occurred in 11 patients (28.9%) among the 38
patients who were positive for HBeAg at baseline. The cumulative

FIG 1 Changes in serum hepatitis B virus (HBV) DNA levels from baseline.
The change in serum HBV DNA levels from baseline during rescue therapy,
plotted as mean log10 change from baseline values, is shown. The data repre-
sent the means for 49 patients in the group given lamivudine (LAM) or tel-
bivudine (LdT) plus adefovir (ADV) therapy and 18 patients in the group
given entecavir (ETV) and ADV at weeks 12 and 24. The reduction of serum
HBV DNA levels at weeks 12 and 24 was not significantly different between the
two groups (P � 0.063 and P � 0.289, respectively). The error bars (vertical
lines) represent the standard deviations.

TABLE 1 Baseline characteristics of all patients by treatment groupa

Characteristic

Value for the following group:

P valueLAM/LdT-ADV (n � 49) ETV-ADV (n � 18)

Age (yr), median (range) 53.0 (28–79) 48.5 (26–62) 0.023

Gender 0.572
Male, n (%) 31 (63.3) 13 (72.2)
Female, n (%) 18 (36.7) 5 (27.8)

Serum HBV DNA level (log10 IU/ml), median (range) 5.02 (2.41–8.23) 5.23 (2.42–8.23) 0.708

Serum ALT level (IU/liter), median (range) 41 (12–809) 26.5 (12–649) 0.172
ULN, n (%) 25 (51.0) 8 (44.4) 0.784

Serum creatinine level (mg/dl), median (range) 0.90 (0.50–1.20) 0.97 (0.63–1.39) 0.357

HBeAg 1.000
Positive, n (%) 28 (57.1) 10 (55.6)
Negative, n (%) 21 (42.9) 8 (44.4)

Duration of ETV therapy before rescue therapy (mo), median (range) 28.5 (7.1–61.8) 25.8 (10.3–57.3) 0.490

ETV resistance profiles, n (%) 0.926
L180M � M204V/I � S202G � T184S/A/I/L 6 (12.2) 2 (11.1)
L180M � M204V/I � S202G 21 (42.9) 10 (55.6)
L180M � M204V/I � T184S/A/I/L 16 (32.7) 5 (27.8)
L180M � M204V/I � V173L 5 (10.2) 1 (5.6)
L180M � M204V/I � M250L 1 (2.0) 0 (0)

Time point of rescue therapy 0.237
Virologic breakthrough, n (%) 33 (67.3) 15 (83.3)
Biochemical breakthrough, n (%) 16 (32.7) 3 (16.7)

a Data are given as the median (range) or number of patients (n). The LAM/LdT-ADV group received lamivudine (LAM) or telbivudine (LdT) and adefovir (ADV), and the ETV-
ADV group received entecavir (ETV) and ADV. Abbreviations: HBV, hepatitis B virus; ALT, alanine aminotransferase; ULN, upper limit of normal; HBeAg, hepatitis B e antigen.
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incidences of HBeAg loss at month 24 were 30.1% in the LAM/
LdT-ADV group and 22.9% in the ETV-ADV group (Table 2).
There was no significant difference between the two groups
(LAM/LdT-ADV group versus ETV-ADV group; HR, 1.972; 95%
CI, 0.419 to 9.276; P � 0.390).

Virologic breakthrough. Figure 3 shows the cumulative inci-
dence of virologic breakthrough analyzed by the Kaplan-Meier
method. Virologic breakthrough occurred in 9 patients (5 patients
were in the LAM/LdT-ADV group and 4 in the ETV-ADV group)
during the treatment period. The mean (� SD) time required for
virologic breakthrough was 13.3 (� 10.0) months, and there was
no statistically significant difference between the LAM/LdT-ADV
group and the ETV-ADV group (17.3 � 12.2 versus 8.4 � 3.5
months; P � 0.327). The overall cumulative incidence of virologic
breakthrough at month 24 was 15.8%: 12.4% in the LAM/LdT-
ADV group and 24.2% in the ETV-ADV group (Table 2). There
was no significant difference in the risk of virologic breakthrough
between these two groups (LAM/LdT-ADV group versus ETV-
ADV group; HR, 0.437; 95% CI, 0.117 to 1.629; P � 0.217) (Fig.
3). Virologic breakthrough was accompanied by biochemical break-
through in 4 patients. Among 9 patients who experienced virologic
breakthrough, rtA181V substitution was newly detected in one pa-
tient who exhibited rtL180M, rtM204V, and rtT184A substitutions at
baseline and received LAM-ADV combination therapy. ETV resis-

TABLE 2 Treatment responses during rescue therapy by treatment groupa

Response and time point

Ccumulative incidenceb unless specified otherwise for the following
group:

P valueLAM/LdT-ADV group (n � 49) ETV-ADV group (n � 18)

Virologic response
Change in HBV DNA level (log10 IU/ml), median (range)

3 mo �1.58 (�6.21 to 0.98) �2.35 (�5.91 to 0.46) 0.063
6 mo �1.67 (�6.93 to 2.31) �2.14 (�8.23 to 0.52) 0.289

Complete virologic suppression 0.229
3 mo 6.1 (46) 16.7 (15)
6 mo 22.4 (36) 27.8 (13)
12 mo 29.2 (24) 44.4 (8)
24 mo 44.3 (10) 51.4 (3)
36 mo 52.3 (5) NA

Virologic breakthrough 0.205
6 mo 2 (46) 5.6 (17)
12 mo 4.2 (36) 24.2 (10)
24 mo 12.4 (20) 24.2 (6)
36 mo 18.6 (12) 24.2 (5)

Biochemical response (normalization of serum ALT) 0.722
3 mo 8 (23) 25 (6)
6 mo 40 (15) 25 (6)
12 mo 58.8 (7) 40 (3)
24 mo 64.6 (5) NA
36 mo 64.6 (2) NA

Serologic response (HBeAg loss) 0.381
3 mo 7.1 (26) 10 (9)
6 mo 10.7 (23) 10 (9)
12 mo 23.1 (14) 10 (8)
24 mo 30.1 (8) 22.9 (4)
36 mo 40.1 (4) 22.9 (1)

a Abbreviations: LAM, lamivudine; LdT, telbivudine; ADV, adefovir; ETV, entecavir; HBV, hepatitis B virus; ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; NA, not
applicable.
b Data are given as cumulative incidence as a percentage with the number of patients at risk within parentheses.

FIG 2 Cumulative incidence of complete virologic suppression during rescue
therapy. The cumulative incidences of complete virologic suppression (unde-
tectable levels of HBV DNA according to PCR assays) are shown. One group
was given lamivudine (LAM) or telbivudine (LdT) and adefovir (ADV), while
one group was given entecavir (ETV) and ADV.
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tance profiles were not associated with virologic breakthrough (P �
0.883; see Fig. S2 in the supplemental material).

IVR-3 was achieved in 18 patients (26.9%). The patients with
an IVR-3 had a significantly higher probability of achieving com-
plete virologic suppression (Fig. 4A, P � 0.001) and a significantly
lower probability of experiencing virologic breakthrough (Fig. 4B,
P � 0.041) than did those who did not achieve an IVR-3. None of
the patients with an IVR-3 experienced virologic breakthrough
during the follow-up period.

Propensity score analysis. A matched study population was
constructed to compare the antiviral efficacy of rescue therapy
regimens. Clinical variables selected for the propensity score
model included age, gender, baseline serum HBV DNA level,
baseline serum ALT level, baseline serum creatinine level, dura-
tion of ETV therapy before rescue therapy, ETV resistance pro-
files, and time point of rescue therapy. Twenty-eight patients from
the LAM/LdT-ADV group and 14 patients from the ETV-ADV
group were selected. The baseline characteristics of the 42 patients

after propensity score matching are summarized in Table S1 in the
supplemental material. There were no significant differences in
age, gender, serum HBV DNA and ALT levels, HBeAg status, ETV
resistance profiles, and time point of rescue therapy. The cumula-
tive incidences of complete virologic suppression and virologic
breakthrough were still comparable between the two groups se-
lected and matched using the propensity score model (P � 0.419
and P � 0.337, respectively; see Fig. S3A and 3B in the supplemen-
tal material).

Adverse events. The mean changes in serum creatinine levels
at months 3 and 6 were not significantly different between the two
groups (P � 0.574 and P � 0.411, respectively; Table 4). Only one
patient experienced deterioration of renal function; the serum
creatinine level increased by �0.25 mg/dl during ADV-based res-
cue therapy. Concurrent diuretic therapy was assumed to be the
reason of this event. Myopathy was not observed in any patient
during the rescue therapy.

DISCUSSION

In this study, the cumulative incidence of complete virologic sup-
pression at month 24 was approximately 50%, indicating limited
antiviral efficacy of combination therapy with ADV plus nucleo-
side analogues in CHB patients with genotypic resistance to both
LAM and ETV. In these patients, combination therapy with ETV-
ADV, as well as LAM-ADV and LdT-ADV, failed to achieve suffi-
cient antiviral efficacy. Regarding safety issues, combination ther-
apy with ADV plus nucleoside analogues was tolerable without
significant deterioration of renal function or myopathy.

This is the first study that compared the efficacy and safety of
ADV-based rescue therapy regimens in LAM- and ETV-resistant
CHB patients. Moreover, this is the largest of studies that investi-
gated the efficacy of rescue therapy in patients resistant to both
LAM and ETV. In our study, patients with previous or current
ADV resistance were excluded, in order to accurately evaluate
antiviral efficacy of ADV-containing regimens in patients with
dual resistance to LAM and ETV. This is important because in
vitro studies showed that amino acid substitutions conferring re-
sistance to ADV decrease susceptibility to ADV 3- to 15-fold, and
previous clinical studies found that virologic suppression was less
profound in patients with triple resistance to LAM, ETV, and
ADV than in those with dual resistance to LAM and ETV (18, 32,
33). We acknowledge some limitations resulting from the retro-
spective nature of the study design and sample size. However, a
prospective, randomized trial evaluating the ADV-based therapy
in CHB patients resistant to both LAM and ETV cannot be con-
ducted due to ethical considerations in the countries where TDF is

TABLE 3 Univariate and multivariate analyses of the clinical factors predictive of complete virologic suppression during rescue therapya

Variable

Univariate analysis Multivariate analysis

Hazard ratio (95% CI) P value Adjusted hazard ratio (95% CI) P value

Age (yr) 1.010 (0.976–1.046) 0.565
ALT level (IU/liter) 1.000 (0.998–1.003) 0.740
Rescue therapy regimen (LAM/LdT-ADV vs. ETV-ADV) 0.611 (0.272–1.374) 0.234
HBeAg (negative vs positive) 2.730 (1.263–5.900) 0.011 2.029 (0.921–4.471) 0.079
Baseline HBV DNA (log10 IU/ml) 0.644 (0.500–0.828) 0.001 0.671 (0.514–0.875) 0.003
Time point of rescue therapy (VB vs BB) 1.746 (0.702–4.343) 0.231
a Abbreviations: ALT, alanine aminotransferase; LAM, lamivudine; LdT, telbivudine; ADV, adefovir; ETV, entecavir; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; VB,
virologic breakthrough; BB, biochemical breakthrough; 95% CI, 95% confidence interval.

FIG 3 Cumulative incidence of virological breakthrough during rescue ther-
apy. A virologic breakthrough was observed in 9 patients (13.4%): 5 patients of
the group given lamivudine (LAM) or telbivudine (LdT) and adefovir (ADV)
(10.2%) and 4 patients of the group given entecavir (ETV) and ADV (22.2%)
during the treatment period.
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available, because the current international guidelines recom-
mend TDF-based rescue therapy for these patients (5, 6). For the
aforementioned reasons, it is difficult to include more patients
even in a retrospective study. We introduced the propensity score
model to reduce the bias in patient selection.

This analysis demonstrated that antiviral efficacy of combina-
tion therapy with ADV plus nucleoside analogues was not effec-
tive enough in LAM- and ETV-resistant CHB patients; only half of
the patients achieved complete virologic suppression after 2 years.
Furthermore, less than 30% of patients who were positive for
HBeAg at baseline showed HBeAg loss during this rescue therapy.
Previously, two small retrospective studies demonstrated efficacy
of ETV-ADV combination therapy in CHB patients infected with
HBV resistant to both LAM and ETV (18, 19). However, these two
studies (18, 19) included only 17 and 12 patients, respectively, and
they also included patients with concurrent ADV resistance. In
one of these studies, Yang et al. reported that the cumulative inci-
dences of complete virologic suppression at months 3 and 6 were
57.1% and 100%, respectively, in patients infected with HBV re-
sistant to both LAM and ETV without ADV resistance (18); these
responses are much higher than our findings. Important differ-
ences from our study are the smaller sample size (n � 7) and a
larger proportion (71%) of patients that were HBeAg negative, a
favorable prognostic factor in our study. The other study, by Jeon
et al., reported that serum HBV DNA levels were suppressed ef-
fectively during ETV-ADV combination therapy (19). However,
cumulative incidence of complete virologic suppression was not
shown; hence, cautious interpretation of the results is warranted.

Antiviral monotherapy can promote selection of multidrug-
resistant strains of HBV, especially when patients are treated with
sequential monotherapies with overlapping resistance profiles,
such as monotherapy with LAM followed by ETV (15, 34) or LAM
followed by ADV (35–37). As add-on strategies, ETV-TDF or
ETV-ADV combination therapy are widely used in patients in-
fected with HBV resistant to both LAM and ETV and recom-
mended by international guidelines (5, 6). In our study, however,
ETV-ADV therapy and LAM/LdT-ADV therapy showed limited
antiviral efficacy. Furthermore, in patients with triple resistance to
LAM, ETV, and ADV, the antiviral efficacy of ADV with combi-
nations of nucleoside analogues could be worse than in patients
with dual resistance to LAM and ETV. With the availability of
TDF, which has high antiviral potency against multidrug-resistant
HBV, TDF monotherapy can be considered a rescue option in
LAM- and ETV-resistant CHB patients (5, 29). However, consid-
ering the advantage of combination therapy of nucleos(t)ides with
complementary cross-resistance profiles, TDF-based combina-
tion therapy with a nucleoside analogue should theoretically be a
better treatment regimen for multidrug-resistant CHB patients
than TDF monotherapy or ADV-based combination therapy.
This study demonstrated that a lower baseline HBV DNA level was
an independent pretreatment predictor of a favorable virologic
response and that IVR-3 was a significant early treatment end-
point that predicted complete virologic suppression. These find-

FIG 4 Impact of initial virologic response at 3 months (IVR-3) on long-term
efficacy of rescue therapy. (A) The patients with IVR-3 had a significantly
higher probability of achieving complete virologic suppression (P � 0.001 by
log rank test). (B) The patients with IVR-3 had a significantly lower probability
of experiencing a virologic breakthrough (P � 0.041 by log rank test).

TABLE 4 Changes in serum creatinine levels according to treatment
groups

Time point

Change in serum creatinine (mg/dl)a

P value
LAM/LdT-ADV
group (n � 49)

ETV-ADV group
(n � 18)

3 mo 0.00 (�0.30 to 0.16) 0.00 (�0.77 to 0.09) 0.574
6 mo �0.02 (�0.30 to 0.19) �0.01 (�0.77 to 0.21) 0.411
a Data are given as the median (range). Abbreviations: LAM, lamivudine; LdT,
telbivudine; ADV, adefovir; ETV, entecavir.
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ings indicate that switching to TDF-based combination therapy
should be considered for patients on ADV-based rescue therapy
who do not demonstrate these favorable predictors, specifically
patients who had high baseline HBV DNA levels and do not
achieve an IVR-3 during ADV-based rescue therapy, even though
they have not experienced virologic breakthrough yet.

A virologic breakthrough was observed in 9 (13.4%) out of 67
patients. Among those experiencing a virologic breakthrough, the
ADV-resistant signature amino acid substitution was newly de-
tected in one patient. Since direct PCR-based DNA sequencing
can detect a particular variant only if it is present in �20% of the
total quasispecies pool, the possibility of the emergence in the
other patients of additional genotypic resistance to ADV, which
was not detected by the direct sequencing method, cannot be ex-
cluded (31, 38); the patients on continued ADV-based therapy
without complete virologic suppression are at high risk for devel-
oping triple resistance to LAM, ETV, and ADV. In addition, ETV
resistance profiles were not associated with virologic break-
through. We could not verify epistatic connectivity of preexisting
amino acid substitutions and development of virologic break-
through.

Meanwhile, ADV-based combination therapy showed accept-
able safety profiles. While there have been reports of renal impair-
ment with the use of nucleotide analogues, particularly ADV (30,
39, 40), the changes in serum creatinine levels were minimal. Sig-
nificant deterioration of renal function related to combination
therapy with ADV plus nucleoside analogues was not observed in
our study. No patient experienced muscle-related symptoms, in-
cluding muscle pain and weakness.

In summary, our study found that combination therapy with
ADV plus nucleoside analogues, although appearing safe, has lim-
ited efficacy as rescue therapy for difficult-to-treat patients in-
fected with LAM- and ETV-resistant HBV strains. In addition,
antiviral efficacy of ADV-based combination therapy was pre-
dicted to be lower in those patients with higher baseline HBV
DNA levels and those who do not achieve an IVR-3 during ADV-
based rescue therapy. Combination therapy with TDF, which has
more potent antiviral activity and a higher genetic barrier to resis-
tance, may be an optimal treatment option in patients with LAM-
and ETV-resistant CHB. Further study to evaluate the antiviral
efficacy and safety of TDF-based combination therapy is war-
ranted.

ACKNOWLEDGMENT

We declare that we have no conflicts of interest.

REFERENCES
1. Beasley RP. 1988. Hepatitis B virus. The major etiology of hepatocellular

carcinoma. Cancer 61:1942–1956.
2. McMahon BJ. 2004. The natural history of chronic hepatitis B virus in-

fection. Semin. Liver Dis. 24(Suppl 1):17–21.
3. Hadziyannis SJ, Papatheodoridis GV. 2006. Hepatitis B e antigen-

negative chronic hepatitis B: natural history and treatment. Semin. Liver
Dis. 26:130 –141.

4. Liaw YF. 2006. Hepatitis B virus replication and liver disease progression:
the impact of antiviral therapy. Antivir. Ther. 11:669 – 679.

5. European Association for the Study of the Liver. 2012. EASL clinical
practice guidelines: management of chronic hepatitis B virus infection. J.
Hepatol. 57:167–185.

6. Lok AS, McMahon BJ. 2009. Chronic hepatitis B: update 2009. Hepatol-
ogy 50:661– 662.

7. Liaw YF, Sung JJ, Chow WC, Farrell G, Lee CZ, Yuen H, Tanwandee T,
Tao QM, Shue K, Keene ON, Dixon JS, Gray DF, Sabbat J. 2004.

Lamivudine for patients with chronic hepatitis B and advanced liver dis-
ease. N. Engl. J. Med. 351:1521–1531.

8. Lok AS, Lai CL, Leung N, Yao GB, Cui ZY, Schiff ER, Dienstag JL,
Heathcote EJ, Little NR, Griffiths DA, Gardner SD, Castiglia M. 2003.
Long-term safety of lamivudine treatment in patients with chronic hepa-
titis B. Gastroenterology 125:1714 –1722.

9. Lai CL, Dienstag J, Schiff E, Leung NW, Atkins M, Hunt C, Brown N,
Woessner M, Boehme R, Condreay L. 2003. Prevalence and clinical
correlates of YMDD variants during lamivudine therapy for patients with
chronic hepatitis B. Clin. Infect. Dis. 36:687– 696.

10. Woo G, Tomlinson G, Nishikawa Y, Kowgier M, Sherman M, Wong
DK, Pham B, Ungar WJ, Einarson TR, Heathcote EJ, Krahn M. 2010.
Tenofovir and entecavir are the most effective antiviral agents for chronic
hepatitis B: a systematic review and Bayesian meta-analyses. Gastroenter-
ology 139:1218 –1229.

11. Tenney DJ, Rose RE, Baldick CJ, Pokornowski KA, Eggers BJ, Fang J,
Wichroski MJ, Xu D, Yang J, Wilber RB, Colonno RJ. 2009. Long-term
monitoring shows hepatitis B virus resistance to entecavir in nucleoside-
naive patients is rare through 5 years of therapy. Hepatology 49:1503–
1514.

12. Colonno RJ, Rose R, Baldick CJ, Levine S, Pokornowski K, Yu CF,
Walsh A, Fang J, Hsu M, Mazzucco C, Eggers B, Zhang S, Plym M,
Klesczewski K, Tenney DJ. 2006. Entecavir resistance is rare in nucleoside
naive patients with hepatitis B. Hepatology 44:1656 –1665.

13. Lok AS, McMahon BJ. 2007. Chronic hepatitis B. Hepatology 45:507–
539.

14. Liaw YF, Leung N, Kao JH, Piratvisuth T, Gane E, Han KH, Guan R,
Lau GK, Locarnini S. 2008. Asian-Pacific consensus statement on the
management of chronic hepatitis B: a 2008 update. Hepatol. Int. 2:263–
283.

15. Villet S, Ollivet A, Pichoud C, Barraud L, Villeneuve JP, Trepo C,
Zoulim F. 2007. Stepwise process for the development of entecavir resis-
tance in a chronic hepatitis B virus infected patient. J. Hepatol. 46:531–
538.

16. Yatsuji H, Hiraga N, Mori N, Hatakeyama T, Tsuge M, Imamura M,
Takahashi S, Fujimoto Y, Ochi H, Abe H, Maekawa T, Suzuki F,
Kumada H, Chayama K. 2007. Successful treatment of an entecavir-
resistant hepatitis B virus variant. J. Med. Virol. 79:1811–1817.

17. Kurashige N, Ohkawa K, Hiramatsu N, Oze T, Yakushijin T, Mochizuki
K, Hosui A, Miyagi T, Ishida H, Tatsumi T, Kanto T, Takehara T,
Hayashi N. 2009. Two types of drug-resistant hepatitis B viral strains
emerging alternately and their susceptibility to combination therapy with
entecavir and adefovir. Antivir. Ther. 14:873– 877.

18. Yang HJ, Lee JH, Kim YJ, Yoon JH, Lee HS. 2012. Antiviral efficacy of
combination therapy with entecavir and adefovir for entecavir/
lamivudine-resistant hepatitis B virus with or without adefovir resistance.
J. Med. Virol. 84:424 – 430.

19. Jeon JW, Shin HP, Lee JI, Joo KR, Cha JM, Park JJ, Lim JU, Lim K, Kim
S. 2012. Efficacy of entecavir and adefovir combination therapy for pa-
tients with lamivudine- and entecavir-resistant chronic hepatitis B. Dig.
Dis. Sci. 57:1358 –1365.

20. Delaney WE, IV, Yang H, Miller MD, Gibbs CS, Xiong S. 2004.
Combinations of adefovir with nucleoside analogs produce additive anti-
viral effects against hepatitis B virus in vitro. Antimicrob. Agents Che-
mother. 48:3702–3710.

21. Seigneres B, Martin P, Werle B, Schorr O, Jamard C, Rimsky L, Trepo
C, Zoulim F. 2003. Effects of pyrimidine and purine analog combinations
in the duck hepatitis B virus infection model. Antimicrob. Agents Che-
mother. 47:1842–1852.

22. Chevaliez S, Bouvier-Alias M, Laperche S, Hezode C, Pawlotsky JM.
2010. Performance of version 2.0 of the Cobas AmpliPrep/Cobas TaqMan
real-time PCR assay for hepatitis B virus DNA quantification. J. Clin.
Microbiol. 48:3641–3647.

23. Idilman R, Kaymakoglu S, Oguz Onder F, Ahishali E, Bektas M, Cinar
K, Pinarbasi B, Karayalcin S, Badur S, Cakaloglu Y, Mithat Bozdayi A,
Bozkaya H, Okten A, Yurdaydin C. 2009. A short course of add-on
adefovir dipivoxil treatment in lamivudine-resistant chronic hepatitis B
patients. J. Viral Hepat. 16:279 –285.

24. Chung GE, Kim W, Lee KL, Hwang SY, Lee JH, Kim HY, Jung YJ, Kim
D, Jeong JB, Kim BG, Kim YJ, Yoon JH, Lee HS. 2011. Add-on adefovir
is superior to a switch to entecavir as rescue therapy for lamivudine-
resistant chronic hepatitis B. Dig Dis. Sci. 56:2130 –2136.

25. Park JW, Kim HS, Seo DD, Jang JS, Shin WG, Kim KH, Jang MK, Lee

Rescue Therapy in LAM- and ETV-Resistant CHB Patients

December 2013 Volume 57 Number 12 aac.asm.org 6331

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

ac
 o

n 
18

 D
ec

em
be

r 
20

23
 b

y 
16

5.
19

4.
94

.1
0.

http://aac.asm.org


JH, Kim HY, Kim DJ, Lee MS, Park CK. 2011. Long-term efficacy of
entecavir in adefovir-refractory chronic hepatitis B patients with prior
lamivudine resistance. J. Viral Hepat. 18:e475– e481.

26. D’Agostino RB, Jr. 1998. Propensity score methods for bias reduction in
the comparison of a treatment to a non-randomized control group. Stat.
Med. 17:2265–2281.

27. Chen J, Wang Z, Zhou B, Wang Y, Hou J. 2012. Factors associated with
serum hepatitis B surface antigen levels and its on-treatment changes in
patients under lamivudine therapy. Antivir. Ther. 17:71–79.

28. Lee SA, Cho YK, Lee KH, Hwang ES, Kook YH, Kim BJ. 2011. Gender
disparity in distribution of the major hydrophilic region variants of hep-
atitis B virus genotype C according to hepatitis B e antigen serostatus. J.
Med. Virol. 83:405– 411.

29. Lok AS, Zoulim F, Locarnini S, Bartholomeusz A, Ghany MG, Paw-
lotsky JM, Liaw YF, Mizokami M, Kuiken C. 2007. Antiviral drug-
resistant HBV: standardization of nomenclature and assays and recom-
mendations for management. Hepatology 46:254 –265.

30. Ha NB, Garcia RT, Trinh HN, Vu AA, Nguyen HA, Nguyen KK, Levitt
BS, Nguyen MH. 2009. Renal dysfunction in chronic hepatitis B patients
treated with adefovir dipivoxil. Hepatology 50:727–734.

31. Zoulim F, Locarnini S. 2012. Management of treatment failure in chronic
hepatitis B. J. Hepatol. 56(Suppl 1):S112–S122.

32. Angus P, Vaughan R, Xiong S, Yang H, Delaney W, Gibbs C, Brosgart
C, Colledge D, Edwards R, Ayres A, Bartholomeusz A, Locarnini S.
2003. Resistance to adefovir dipivoxil therapy associated with the selection
of a novel mutation in the HBV polymerase. Gastroenterology 125:292–
297.

33. Villeneuve JP, Durantel D, Durantel S, Westland C, Xiong S, Brosgart

CL, Gibbs CS, Parvaz P, Werle B, Trepo C, Zoulim F. 2003. Selection of
a hepatitis B virus strain resistant to adefovir in a liver transplantation
patient. J. Hepatol. 39:1085–1089.

34. Yim HJ, Hussain M, Liu Y, Wong SN, Fung SK, Lok AS. 2006. Evolution
of multi-drug resistant hepatitis B virus during sequential therapy. Hepa-
tology 44:703–712.

35. Liu Y, Wang C, Zhong Y, Chen L, Li X, Ji D, Wang H, Xin S, Zoulim
F, Xu D. 2010. Evolution and suppression of HBV strains with multidrug
resistance to lamivudine, adefovir dipivoxil and entecavir in a patient with
chronic hepatitis B. Antivir. Ther. 15:1185–1190.

36. Villet S, Pichoud C, Villeneuve JP, Trepo C, Zoulim F. 2006. Selection
of a multiple drug-resistant hepatitis B virus strain in a liver-transplanted
patient. Gastroenterology 131:1253–1261.

37. Brunelle MN, Jacquard AC, Pichoud C, Durantel D, Carrouee-Durantel
S, Villeneuve JP, Trepo C, Zoulim F. 2005. Susceptibility to antivirals of
a human HBV strain with mutations conferring resistance to both lami-
vudine and adefovir. Hepatology 41:1391–1398.

38. Shaw T, Bartholomeusz A, Locarnini S. 2006. HBV drug resistance:
mechanisms, detection and interpretation. J. Hepatol. 44:593– 606.

39. Wang Y, Thongsawat S, Gane EJ, Liaw YF, Jia J, Hou J, Chan HL,
Papatheodoridis G, Wan M, Niu J, Bao W, Trylesinski A, Naoumov
NV. 2013. Efficacy and safety of continuous 4-year telbivudine treatment
in patients with chronic hepatitis B. J. Viral Hepat. 20:e37– e46.

40. Horberg M, Tang B, Towner W, Silverberg M, Bersoff-Matcha S,
Hurley L, Chang J, Blank J, Quesenberry C, Jr, Klein D. 2010. Impact of
tenofovir on renal function in HIV-infected, antiretroviral-naive patients.
J. Acquir. Immune Defic. Syndr. 53:62– 69.

Lee et al.

6332 aac.asm.org Antimicrobial Agents and Chemotherapy

D
ow

nl
oa

de
d 

fr
om

 h
ttp

s:
//j

ou
rn

al
s.

as
m

.o
rg

/jo
ur

na
l/a

ac
 o

n 
18

 D
ec

em
be

r 
20

23
 b

y 
16

5.
19

4.
94

.1
0.

http://aac.asm.org

	Efficacy of Adefovir-Based Combination Therapy for Patients with Lamivudine- and Entecavir-Resistant Chronic Hepatitis B Virus Infection
	MATERIALS AND METHODS
	Study population.
	Study measurements.
	Definitions and study endpoints.
	Statistical analysis.

	RESULTS
	Study population.
	Virologic responses.
	Biochemical and serologic responses.
	Virologic breakthrough.
	Propensity score analysis.
	Adverse events.

	DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES


