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The emergence of multidrug-resistant (MDR) strains of hepatitis B virus (HBV) is a major concern. This study aimed to investi-
gate the efficacy and safety of combination therapy with entecavir (ETV) plus tenofovir disoproxil fumarate (TDF) against MDR
HBV. To adjust for differences in baseline characteristics, inverse probability weighting (IPW) using propensity scores for the
entire cohort and weighted Cox proportional hazards models were applied. Ninety-three consecutive patients who were treated
with ETV-TDF combination therapy for >6 months were included; at baseline, 45 were infected with HBV strains with geno-
typic resistance to lamivudine (LAM) and ETV (the LAM/ETV-R group), 28 with strains resistant to LAM and adefovir (ADV)
(the LAM/ADV-R group), and 20 with strains resistant to LAM, ETV, and ADV (the LAM/ETV/ADV-R group). The median dura-
tion of rescue therapy was 13.0 (range, 6.7 to 31.7) months. Seventy-four of 93 patients (79.6%) achieved complete virologic sup-
pression, after a median of 4.5 (95% confidence interval, 3.0 to 6.0) months. The cumulative probability of complete virologic
suppression at month 6 was 63.6% (55.7%, 75.0%, and 65.0% in the LAM/ETV-R, LAM/ADV-R, and LAM/ETV/ADV-R groups,
respectively). During the treatment period, these probabilities were not significantly different across the resistance profiles be-
fore and after IPW (P � 0.072 and P � 0.510, respectively). In multivariate analysis, a lower baseline HBV DNA level, but not
resistance profiles, was an independent predictor of complete virologic suppression. Renal dysfunction was not observed during
the treatment period. In conclusion, rescue therapy with ETV-TDF combination is efficient and safe in patients infected with
MDR HBV strains regardless of the antiviral drug resistance profiles.

The goal of chronic hepatitis B (CHB) treatment is to achieve
early and sustained suppression of hepatitis B virus (HBV)

replication, which is demonstrated to prevent progression of liver
disease to cirrhosis and development of hepatocellular carcinoma
(1, 2). The availability of nucleos(t)ide analogues such as tenofovir
disoproxil fumarate (TDF) and entecavir (ETV), which are more
potent than other antiviral drugs, has significantly improved
treatment of CHB (3–5). However, many patients were treated
with less potent antiviral drugs (i.e., lamivudine [LAM], telbivu-
dine [LdT], and adefovir [ADV]) as first-line therapy and then
with sequential monotherapies, which contributed to the devel-
opment of multidrug resistance (MDR) (6, 7). The emergence of
drug-resistant viral strains results in increased viral loads, fol-
lowed by increases in serum alanine aminotransferase (ALT) lev-
els and subsequent progression of liver disease (8–10). In the ab-
sence of treatment intervention with appropriate rescue therapy
based on cross-resistance profiles, patients are at significant risk of
hepatic decompensation (11). Previous antiviral treatment his-
tory may impair the antiviral efficacy of rescue therapy to induce
viral suppression; therefore, the choice of optimal treatment in
patients with MDR HBV strains is critical to avoid subsequent
treatment failure (6).

To date, clinical data on the efficacy of the rescue therapies in
patients infected with MDR HBV strains are limited. Therefore,
recent international guidelines, which recommend rescue thera-
peutic regimens in these patients, lack solid clinical evidences (12–
14). Combination therapy with a nucleoside and a nucleotide is
recommended by the current European Association for the Study
of the Liver clinical practice guideline based on in vitro cross-
resistance data and insufficient clinical data (4). We previously

reported that rescue therapy with combinations of ADV plus nu-
cleoside analogues has limited efficacy in CHB patients with LAM
and ETV resistance (15). A European study showed that combi-
nation therapy with ETV plus TDF is efficient and safe in patients
with viral resistance patterns or with only partial antiviral re-
sponses to prior antiviral therapies. However, only 21 of 57 pa-
tients included in that study were determined to be infected with
MDR HBV strains; moreover, only 1 patient showed an amino
acid substitution profile conferring triple resistance to LAM, ETV,
and ADV (12).

Therefore, we aimed to investigate the antiviral efficacy and safety
of combination therapy with ETV and TDF, which are the most po-
tent nucleoside and nucleotide analogues, respectively, in CHB pa-
tients who had developed MDR after antiviral treatment and to com-
pare the efficacy according to genotypic resistance profiles.

MATERIALS AND METHODS
Study population. This retrospective cohort study included CHB patients
who had developed MDR after sequential treatment with multiple antivi-

Received 9 July 2014 Returned for modification 30 July 2014
Accepted 19 August 2014

Published ahead of print 25 August 2014

Address correspondence to Jeong-Hoon Lee, pindra@empal.com.

Supplemental material for this article may be found at http://dx.doi.org/10.1128
/AAC.03845-14.

Copyright © 2014, American Society for Microbiology. All Rights Reserved.

doi:10.1128/AAC.03845-14

6710 aac.asm.org Antimicrobial Agents and Chemotherapy p. 6710 – 6716 November 2014 Volume 58 Number 11

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://dx.doi.org/10.1128/AAC.03845-14
http://dx.doi.org/10.1128/AAC.03845-14
http://dx.doi.org/10.1128/AAC.03845-14
http://aac.asm.org


rals and who were treated with ETV (1.0 mg once daily) plus TDF (300 mg
once daily) as rescue therapy for at least 6 months. MDR was defined as the
presence of genotypic resistance to 2 or more groups of nucleos(t)ide
analogues (L-nucleoside [LAM or LdT], acyclic phosphonate [ADV], and
D-cyclopentane [ETV]) (6). Ninety-three consecutive patients who
started ETV-TDF combination therapy from August 2011 to August 2013
at a tertiary hospital (Seoul National University Hospital, Seoul, Republic
of Korea) were included. Patients were excluded if they had following
conditions: prior exposure to TDF, coinfection with hepatitis C virus or
human immunodeficiency virus (HIV), or a history of cytotoxic chemo-
therapy or organ transplantation.

This 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. We were exempt
from the need for written informed consent because the data were ana-
lyzed anonymously.

Study measurements. Laboratory measurements were assessed for all
patients, including serum levels of ALT, creatinine, and HBV DNA and
hepatitis B e antigen (HBeAg) and antibody (anti-HBe Ab) every 2 to 3
months. At baseline and at each follow-up visit, serum HBV DNA levels
were quantified using the Cobas AmpliPrep/Cobas TaqMan version 2.0
assay (Roche Molecular System, Branchburg, NJ), which has a dynamic
range of quantification of 20 to 1.7 � 108 IU/ml (1.3 to 8 log10 IU/ml)
(16). HBeAg and anti-HBe Ab were determined using a radioimmunoas-
say (RIA Elisa Rapid kit; Shin Jin Medics, Seoul, Republic of Korea).
Genotypic resistance, defined as the detection of HBV strains with amino
acid substitutions conferring drug resistance, was evaluated in all study
patients at baseline and in patients who developed virologic breakthrough
during the rescue therapy. The amino acid substitutions conferring resis-
tance to LAM (i.e., rtL180M and rtM204V/I/S), ADV (rtA181T/V and
rtN236T), and ETV (rtL180M � rtM204V/I � rtI169T � rtV173L �
rtM250V/I/L/M � rtT184S/A/I/L/G/C/M � rtS202I/G) were analyzed (4,
6). Direct PCR-based DNA sequencing using the BigDye Terminator ver-
sion 3.1 Ready Reaction cycle sequencing kit (Applied Biosystems, Foster
City, CA) and the ABI Prism 3730 genetic analyzer (Perkin-Elmer, Foster
City, CA) was performed to identify genotypic resistance as previously
described (17).

Definitions and study endpoints. The primary endpoint was com-
plete virologic suppression, defined as undetectable HBV DNA by quan-
titative PCR assay. Secondary endpoints were the change in serum HBV

DNA level from baseline during the rescue therapy, normalization of se-
rum ALT (biochemical response), and virologic breakthrough. A viro-
logic breakthrough was defined as an increase in the serum HBV DNA
level of �1 log10 IU/ml above the nadir level achieved during the treat-
ment period (3–5).

Statistical analysis. For between-group comparisons, the Kruskal-
Wallis test was performed for continuous variables, and either the �2 test
or Fisher’s exact test was used for categorical variables. Cumulative prob-
abilities and times to events were estimated using the Kaplan-Meier
method and compared using the log rank test. For patients who were lost
to follow-up, the length of follow-up was censored at the date of last visit.
To identify independent predictors of complete virologic suppression, the
Cox proportional hazards models were used. Subgroup analyses were also
performed according to the baseline status of HBeAg and resistance-asso-
ciated substitutions.

To adjust for differences in baseline characteristics and compare the
antiviral efficacy of ETV-TDF combination therapy according to the re-
sistance profiles, inverse probability weighting (IPW) based on the pro-
pensity score was used (18, 19). For each patient, a propensity score was
calculated using a logistic regression model that included the baseline
characteristics. This propensity score model yielded a c-statistic of 0.817.
The three groups were balanced using an inverse probability weight for
each patient, which was generated based on the propensity score. After
IPW, the balance of baseline characteristics among the groups was as-
sessed, and thereafter weighted Cox proportional hazards models were
fitted. All tests were conducted as two-sided tests and a P value of �0.05
was considered significant. All statistical analyses were performed using
SAS software version 9.3 (SAS Inc., Cary, NC) and PASW statistical soft-
ware version 18.0 (IBM, Chicago, IL).

RESULTS
Characteristics of the study population. The baseline clinical and
demographic characteristics of the 93 patients are summarized in
Table 1. All 93 patients were infected with HBV genotype C. At
baseline, 45 were infected with HBV strains with amino acid sub-
stitutions conferring resistance to LAM and ETV (the LAM/
ETV-R group), 28 with strains resistant to LAM and ADV (the
LAM/ADV-R group), and 20 with strains resistant to LAM, ETV,
and ADV (the LAM/ETV/ADV-R group). At the start of the rescue

TABLE 1 Baseline characteristics by genotypic resistance profile

Characteristic

Value for groupa

P valueb

LAM/ETV-R
(n � 45)

LAM/ADV-R
(n � 28)

LAM/ETV/ADV-R
(n � 20)

Age (yr)c 56 (32–71) 50.5 (23–68) 54 (29–67) 0.499
Male gender 31 (68.9) 22 (78.6) 14 (70.0) 0.652
Serum HBV DNA (log10 IU/ml)c 3.66 (0.87–7.37) 2.95 (1.88–6.71) 2.60 (2.02–8.23) 0.116
Serum ALT (IU/liter)c 30 (9–275) 27.5 (11–843) 26.5 (14–57) 0.636
Serum creatinine (mg/dl)c 0.86 (0.53–1.26) 0.88 (0.53–1.31) 0.86 (0.54–1.14) 0.869
HBeAg positive 31 (68.9) 18 (64.3) 14 (70.0) 0.893
Liver cirrhosisd 16 (35.6) 8 (28.6) 4 (20.0) 0.469
Lines of prior antiviral treatment 2 (1–5) 3 (2–5) 5 (3–5) �0.001
Duration of previous treatment (mo)c 28.2 (2.7–78.7) 17.5 (2.7–85.7) 17.5 (1.4–40.2) 0.028

Time point of rescue therapy
Virologic breakthrough 21 (46.7) 11 (39.3) 5 (25.0) 0.257
Biochemical breakthrough 17 (37.8) 6 (21.4) 6 (30.0) 0.339

a Unless otherwise indicated, data are number of patients, with percentages in parentheses. LAM, lamivudine; ETV, entecavir; ADV, adefovir; HBV, hepatitis B virus; ALT, alanine
aminotransferase; HBeAg, hepatitis B e antigen.
b The Kruskal-Wallis test and �2 test (or Fisher’s exact test) were used to analyze the differences among the groups.
c Data are medians, with ranges in parentheses.
d Liver cirrhosis was diagnosed when the platelet count was below 100,000/mm3 and associated splenomegaly or esophageal-gastric varices were detected.
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therapy with the ETV-TDF combination, 37 of the 93 patients
(39.8%) experienced virologic breakthrough. Among these pa-
tients, 29 patients developed biochemical breakthrough following
virologic breakthrough. The median duration of ETV-TDF com-
bination therapy was 13.0 (range, 6.7 to 31.7) months. Three of

the study patients (one patient of each group) were lost to fol-
low-up after 9.3, 14.6, and 25.0 months of ETV-TDF combination
therapy. At baseline, the three groups differed significantly in the
two variables describing previous treatment history: the number
of lines of prior antiviral treatment and the duration of previous
treatment (P � 0.001 and P � 0.028, respectively). The LAM/
ETV/ADV-R group had received significantly more lines of anti-
viral treatment prior to ETV-TDF combination therapy than ei-
ther the LAM/ETV-R group (P � 0.001) or the LAM/ADV-R
group (P � 0.001). The duration of previous treatment in the
LAM/ETV-R group was longer than that in the LAM/ETV/
ADV-R group (P � 0.010), whereas it was not significantly differ-
ent from that in the LAM/ADV-R group (P � 0.058). In all of the
study patients, except for one patient, antivirals were directly
switched to ETV-TDF combination therapy without interruption
of antiviral treatment.

Virologic responses. The overall mean changes in HBV DNA
level induced by ETV-TDF combination therapy at months 3, 6,
and 12 were 	2.42 log10 IU/ml, 	2.85 log10 IU/ml, and 	3.19
log10 IU/ml, respectively. In the LAM/ETV-R group, the decline in
serum HBV DNA levels from baseline to month 3 was significantly
greater than that in the LAM/ETV/ADV-R group (P � 0.002),
whereas the changes in these levels at months 6 and 12 were not
significantly different among the three groups (P � 0.719 and P �
0.377, respectively) (Fig. 1 and Table 2). Overall, 74 of 93 patients
(79.6%) achieved complete virologic suppression during the en-
tire treatment period: 32 of 45 (71.1%) in the LAM/ETV-R group,
25 of 28 (89.3%) in the LAM/ADV-R group, and 17 of 20 (85.0%)
in the LAM/ETV/ADV-R group. The median time required to
reach an undetectable HBV DNA level was 4.5 (95% confidence
interval [CI], 3.0 to 6.0) months in all patients: 4.7 (95% CI, 2.3 to
7.1) months in the LAM/ETV-R group, 3.0 (95% CI, 1.1 to 4.9)
months in the LAM/ADV-R group, and 5.2 (95% CI, 3.6 to 6.7)
months in the LAM/ETV/ADV-R group. The cumulative propor-

FIG 1 Changes in HBV viral loads during the rescue therapy. The changes in
serum HBV DNA levels from baseline during the treatment period, plotted as
mean log10 change from baseline values, are shown for each group. The data
represent the means for 45 patients in the LAM/ETV-R group, 28 patients in
the LAM/ADV-R group, and 20 patients in the LAM/ETV/ADV-R group at
months 3, 6, and 12. Among the three groups, the declines in serum HBV DNA
levels differed significantly at month 3 (P � 0.008) but not at months 6 and 12
(P � 0.719 and P � 0.377, respectively). The error bars represent the standard
deviations. HBV, hepatitis B virus; LAM, lamivudine; ETV, entecavir; ADV,
adefovir.

TABLE 2 Virologic and biochemical response during rescue therapy by genotypic resistance profile

Outcome and time point

Value for group

P valueLAM/ETV-R (n � 45) LAM/ADV-R (n � 28) LAM/ETV/ADV-R (n � 20)

Virologic
Change in HBV DNA (log10 IU/ml)a

3 mo 	2.86 (	4.83 to 2.90) 	2.30 (	4.83 to 	0.67) 	2.10 (	3.50 to 	0.05) 0.008
6 mo 	3.02 (	5.82 to 1.73) 	2.52 (	5.84 to 	1.04) 	2.48 (	4.66 to 	1.02) 0.719
12 mo 	3.19 (	6.43 to 	1.72) 	2.48 (	5.84 to 	1.14) 	2.51 (	4.73 to 	1.18) 0.377

Complete virologic suppression
(undetectable HBV DNA)b

0.072c

3 mo 31.1 (45) 50.0 (28) 30.0 (20)
6 mo 55.7 (45) 75.0 (28) 65.0 (20)
9 mo 58.1 (32) 86.6 (23) 88.3 (18)
12 mo 67.8 (18) 93.3 (19) 88.3 (16)
24 mo 82.8 (2) NAd 88.3 (2)

Biochemical (normalization of serum ALT)b 0.003c

3 mo 5.9 (17) 50.0 (6) 50.0 (6)
6 mo 23.5 (17) 50.0 (6) 50.0 (6)
9 mo 30.5 (15) 83.3 (3) 50.0 (6)
12 mo 44.5 (11) 100.0 (2) 83.3 (6)

a Data are medians, with ranges in parentheses.
b Data are cumulative probabilities of the response at the indicated time points, based on the Kaplan-Meier method, with the number of patients under observation in parentheses.
c The log rank test was used to compare the hazard rates among the groups.
d NA, not applicable.
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tion of complete virologic suppression at month 6 was 63.6%
overall: 55.7% in the LAM/ETV-R group, 75.0% in the LAM/
ADV-R group, and 65.0% in the LAM/ETV/ADV-R group (Table
2). During the treatment period, there was no significant differ-
ence among the groups (P � 0.072) (Fig. 2). In multivariate Cox
regression analysis, a lower baseline HBV DNA level was indepen-
dently associated with complete virologic suppression (hazard ra-
tio [HR], 0.565; 95% CI, 0.461 to 0.692; P � 0.001) (Table 3). In
the entire cohort, the probabilities of complete virologic suppres-

sion were significantly influenced by the baseline HBV DNA levels
at the beginning of the rescue therapy with the ETV-TDF combi-
nation (P � 0.001). Patients with HBV DNA levels of less than 104

IU/ml had a significantly higher probability of achieving complete
virologic suppression (HR, 8.482; 95% CI, 4.286 to 16.786; P �
0.001) (see Fig. S1 in the supplemental material).

The cumulative probabilities of complete virologic suppres-
sion were comparable among the three groups in the subgroups of
both HBeAg-positive and HBeAg-negative patients (P � 0.224
and P � 0.226, respectively) (see Fig. S2 in the supplemental ma-
terial). Ten of 48 patients with ADV resistance (the LAM/ADV-R
group and the LAM/ETV/ADV-R group) had the double substi-
tution rtA181T/V � rtN236T at baseline and had rates of com-
plete virologic suppression comparable to those for patients with a
single substitution, rtA181T/V or rtN236T (P � 0.361) (see Fig. S3
in the supplemental material).

Biochemical responses. During the treatment period, a bio-
chemical response was achieved in 19 of 29 patients (65.5%) who
had developed a biochemical breakthrough prior to ETV-TDF
combination therapy. The cumulative probabilities of biochemi-
cal response at month 6 were 23.1% in the LAM/ETV-R group,
50.0% in the LAM/ADV-R group, and 50.0% in the LAM/ETV/
ADV-R group (Table 2). The LAM/ETV-R group showed a signif-
icantly lower probability of biochemical response than either the
LAM/ADV-R group (HR, 0.158; 95% CI, 0.048 to 0.525; P �
0.003) or the LAM/ETV/ADV-R group (HR, 0.301; 95% CI, 0.096
to 0.944; P � 0.039).

Virologic breakthrough. Two patients experienced virologic
breakthrough during the treatment period: one patient in the
LAM/ETV-R group and one patient in the LAM/ADV-R group. At
the time of the breakthrough, no additional amino acid substitu-
tion, other than substitutions detected at baseline, was detected.
None of these patients developed a biochemical breakthrough.

Treatment response analysis using IPW. After the study pop-
ulation was adjusted using IPW, the baseline characteristics, in-
cluding the number of lines of prior antiviral treatment and du-
ration of previous treatment, became more balanced among the
groups (see Table S1 in the supplemental material).

The weighted cumulative probabilities of complete virologic

FIG 2 Cumulative probability of complete virologic suppression during the res-
cue therapy. Cumulative probabilities of complete virologic suppression, i.e., un-
detectable levels of HBV DNA according to PCR assays, during the treatment
period are shown for each group. LAM, lamivudine; ETV, entecavir; ADV, adefo-
vir.

TABLE 3 Univariate and multivariate analysis of the clinical factors predictive of complete virologic suppression during rescue therapy

Variable

Univariate analysis Multivariate analysis

Hazard ratioa P valueb Adjusted hazard ratio P value

Age (per yr) 1.003 (0.978–1.028) 0.843
Baseline serum HBV DNA (per 1 log10 IU/ml) 0.584 (0.489–0.697) �0.001 0.565 (0.461–0.692) �0.001
Baseline serum ALT (per IU/liter) 0.998 (0.994–1.002) 0.262
HBeAg (positive vs negative) 0.700 (0.431–1.137) 0.150
Liver cirrhosis (positive vs negative)c 1.082 (0.655–1.787) 0.760

Time point of rescue therapy
Virologic breakthrough (yes vs no) 0.747 (0.459–1.215) 0.240
Biochemical breakthrough (yes vs no) 0.512 (0.298–0.879) 0.015 1.238 (0.664–2.309) 0.501

Drug resistance 0.078
LAM/ETV-R vs LAM/ADV-R 0.541 (0.316–0.924) 0.024
LAM/ETV-R vs LAM/ETV/ADV-R 0.751 (0.414–1.362) 0.345
LAM/ADV-R vs LAM/ETV/ADV-R 1.393 (0.751–2.584) 0.294

a Data in parentheses are 95% CIs.
b P values were determined using Cox proportional hazards regression models. A P value of �0.05 indicates a significant difference.
c Liver cirrhosis was diagnosed when the platelet count was below 100,000/mm3 and associated splenomegaly or esophageal-gastric varices were detected.
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suppression at month 6 were 65.9% in the LAM/ETV-R group,
84.6% in the LAM/ADV-R group, and 54.8% in the LAM/ETV/
ADV-R group (Fig. 3). Weighted probabilities of complete viro-
logic suppression were still comparable among the three groups
(P � 0.510). In multivariate weighted Cox regression analysis, a
lower baseline HBV DNA level remained an independent predic-
tor for complete virologic suppression (HR, 0.676; 95% CI, 0.557
to 0.820; P � 0.001) (see Table S2 in the supplemental material).
In the 29 patients with elevated serum ALT levels at baseline,
weighted cumulative probabilities of biochemical response
among the groups became comparable (P � 0.116). The LAM/
ETV-R group showed weighted probabilities of biochemical re-
sponse similar to those in the LAM/ADV-R group (HR, 0.388;
95% CI, 0.138 to 1.095; P � 0.074) and the LAM/ETV/ADV-R
group (HR, 0.275; 95% CI, 0.063 to 1.196; P � 0.085).

Adverse events. None of study patients experienced deteriora-
tion of renal function during the ETV-TDF combination therapy.
The overall median changes in serum creatinine level from base-
line to months 3, 6, and 12 were 0.03, 0.05, and 0.08 mg/dl, respec-
tively (ranges, 	0.19 to 0.42, 	0.27 to 0.44, and 	0.17 to 0.27,
respectively).

DISCUSSION

In this study, we evaluated the antiviral efficacy of ETV-TDF com-
bination therapy in patients infected with MDR HBV strains as
rescue therapy and whether efficacy differed according to drug
resistance profiles using IPW. In 74 of 93 patients (79.6%), serum
HBV DNA levels declined to undetectable levels during this rescue
therapy, and the overall probability of complete virologic suppres-
sion at month 6 exceeded 60%. The probabilities of complete vi-

rologic suppression were similar across the genotypic resistance
profiles before and after adjustment for differences among the
groups using IPW. Moreover, ETV-TDF combination therapy
was well tolerated without serious adverse events, including renal
dysfunction.

This is the largest of the studies that demonstrated the antiviral
efficacy of ETV-TDF rescue therapy in CHB patients with geno-
typic resistance to multiple antivirals and the first study to inves-
tigate the efficacy of treatment in patients with substitution pro-
files conferring triple resistance to LAM, ETV, and ADV
compared to other patients with MDR. Consequently, this study
revealed several novel findings. First, the current study showed
that ETV-TDF treatment is effective in patients with MDR and
produces a relatively high rate of complete virologic suppression
at an early time point, even in patients with triple resistance to
LAM, ETV, and ADV. A prior study that evaluated the efficacy of
ETV-TDF combination therapy in CHB patients pretreated with
antiviral drugs showed that 51 of 57 patients (89.5%) achieved
undetectable HBV DNA during the rescue therapy (12). However,
that study included only 21 patients with MDR and defined un-
detectable HBV DNA by a quantitative PCR assay using a lower
limit of 80 IU/ml, higher than the limit of 20 IU/ml of our study;
therefore, it may have overestimated the efficacy of the ETV-TDF
combination for MDR CHB patients. Second, our study suggested
that ETV-TDF combination therapy may be more effective than
TDF monotherapy in patients harboring HBV strains with substi-
tutions associated with ADV resistance. In a previous study that
assessed the efficacy of TDF monotherapy after prior treatment
failure with nucleos(t)ide analogues, the cumulative probability of
achieving undetectable HBV DNA at month 12 was 33% in pa-
tients with initial resistance against ADV, which was much lower
than the result in our study (90.5%) (data not shown). Further-
more, that study defined undetectable HBV DNA using a lower
limit of 400 copies/ml (60 IU/ml). If that study had used a more
sensitive PCR assay, the antiviral efficacy of TDF monotherapy
would probably have been worse (13). Because the follow-up pe-
riod of our study was relatively short, additional long-term studies
are clearly needed to evaluate the efficacy of the rescue treatment
regimens in patients resistant to multiple antivirals. However, the
results of studies conducted so far suggest that an appropriate
combination of the most potent drugs with high genetic barriers
and compensatory cross-resistance profiles, such as ETV and
TDF, is necessary for these difficult-to-treat patients.

We acknowledge some limitations resulting from the nature of
retrospective study design of this study. Therefore, we aimed to
reduce the bias in patient selection and to describe the efficacy of
treatment according to the resistance profiles by employment of
IPW. Although the weighted probability of complete virologic
suppression at month 6 in the LAM/ETV/ADV-R group was lower
than that in either the LAM/ETV-R group or the LAM/ADV-R
group, the genotypic resistance profiles did not affect the antiviral
efficacy of ETV-TDF combination therapy. We also found that a
lower baseline HBV DNA level independently predicted a favor-
able virologic response, and the virologic response achieved by the
ETV-TDF combination was impaired in patients with high base-
line HBV DNA levels. In contrast, liver cirrhosis was not associ-
ated with complete virologic suppression, which indicated that
the antiviral efficacy of treatment with ETV-TDF combination is
not affected by the presence of advanced liver disease.

Subgroup analysis of patients with substitutions associated

FIG 3 Weighted cumulative probability of complete virologic suppression
during the rescue therapy. Weighted cumulative probabilities of complete vi-
rologic suppression during the treatment period are shown for each group.
LAM, lamivudine; ETV, entecavir; ADV, adefovir.
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with ADV resistance revealed that all 10 patients with the double
amino acid substitution rtA181T/V � rtN236T at baseline
achieved complete virologic suppression during the rescue ther-
apy, and the probabilities of complete virologic suppression were
comparable to those in patients with a single substitution,
rtA181T/V or rtN236T. A previous in vitro study showed that the
double substitution rtA181T/V � rtN236T decreases susceptibil-
ity to TDF by 1.2-to 6.8-fold but not that to ETV (20). Further-
more, in a previous clinical study which analyzed the antiviral
efficacy of TDF monotherapy or TDF-LAM combination therapy
in patients with prior failure with both LAM and ADV, HBV
strains with the double substitution rtA181T/V � rtN236T were
refractory to TDF monotherapy or TDF-LAM combination ther-
apy, with persistent HBV replication during the treatment (14).
Therefore, ETV-TDF combination therapy should be considered
the treatment of choice in such patients to achieve early and sus-
tained viral suppression. Adding ADV therapy in patients infected
with LAM-resistant HBV strains was demonstrated to reduce the
risk of developing resistance to ADV and hepatitis flare following
virologic breakthrough compared to switching to ADV therapy
(21–23). Similarly, treating patients infected with HBV strains re-
sistant to ETV with combination therapy with ETV plus TDF can
have an additional benefit over TDF monotherapy, especially with
regard to a reduced risk of developing subsequent resistance.
However, considering limited health budget resources, especially
in Asian countries, and cost-effectiveness, TDF monotherapy may
be an alternative therapeutic option in selected patients with
MDR, such as patients with low HBV DNA levels at baseline and
without amino acid substitution profiles conferring cross-resis-
tance to TDF. Recently, TDF monotherapy was shown to be highly
effective for treatment of CHB patients with LAM-resistant HBV
strains and not to be associated with resistance development (24,
25). Further studies to evaluate the antiviral efficacy of TDF
monotherapy against MDR HBV are warranted.

Virologic breakthrough was observed in 2 patients during the
treatment period, and no additional amino acid substitution,
other than substitutions detected at baseline, was newly detected
by genotypic testing. After development of virologic break-
through, ETV-TDF combination therapy was continued in both
patients, and thereafter, substantial viral suppression was in-
duced. The emergence of additional substitutions cannot be ex-
cluded, because a particular strain can be detected by direct PCR-
based DNA sequencing only if present in �20% of the entire
quasispecies pool (6, 26). Moreover, host factors, such as impaired
drug transport or phosphorylation, which is required to convert
TDF to the active form, might be involved in the failure to sup-
press viral replication (6). However, poor adherence to the rescue
therapy was thought to be the principal factor causing virologic
rebound in these patients. Adherence to antiviral drugs should be
emphasized to maximize HBV viral suppression and minimize the
risk of subsequent treatment failure, particularly in patients who
have MDR HBV strains (27).

TDF is cleared principally by the kidneys, and TDF-associated
nephrotoxicity in HIV-infected patients was previously reported,
whereas it has been reported rarely in CHB patients (28–30). In
our study, deterioration of renal function was not observed in any
patient during the entire treatment period.

In summary, the results of our study indicate that this ETV-
TDF combination is an efficient and safe rescue therapy for CHB
patients infected with HBV strains resistant to multiple antiviral

drugs regardless of the genotypic resistance profiles. Further stud-
ies would be necessary to evaluate whether TDF monotherapy has
effect comparable to that of ETV-TDF combination therapy in
CHB patients infected with MDR HBV strains.
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