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A 1-year trial with entecavir plus adefovir resulted in a rate of virological response (VR) higher than that seen with lamivudine
plus adefovir in multiple-drug-refractory chronic hepatitis B (CHB) patients. This extension study enrolled 89 of 90 patients
who completed a 52-week randomized trial comparing treatment with entecavir plus adefovir (EA) to treatment with lamivudine
plus adefovir (LA). At the baseline of the original study, all patients had lamivudine-resistant hepatitis B virus (HBV) and serum
HBV DNA > 2,000 IU/ml despite prior lamivudine plus adefovir therapy. Of the 89 enrolled patients, 45 initially randomized to
receive entecavir plus adefovir and the other 44 randomized to receive lamivudine plus adefovir received entecavir plus adefovir
for an additional 52 weeks (EA-EA and LA-EA, respectively). The proportions of patients with a VR (serum HBV DNA < 60 IU/
ml) gradually increased in both groups and were comparable at week 104 (42.2% in the EA-EA group and 34.1% in the LA-EA
group; P � 0.51). The mean reductions in serum HBV DNA from baseline in the two groups were similar (�2.8 log10 IU/ml and
�2.8 log10 IU/ml, respectively; P � 0.87). At week 104, the number of patients who retained the preexisting HBV mutants resis-
tant to adefovir or entecavir had decreased from 8 to 2 in the EA-EA group and from 15 to 6 in the LA-EA group (P � 0.27). Both
study groups had favorable safety profiles. In conclusion, up to 104 weeks of entecavir plus adefovir treatment was associated
with a progressive VR, a decrease of levels of preexisting drug-resistant mutants, and no selection for additional resistance mu-
tants of HBV in multiple-drug-refractory CHB patients. (This study has been registered at ClinicalTrials.gov under registration
no. NCT01023217.)

Approximately 400 million people worldwide are chronically
infected with hepatitis B virus (HBV) (1, 2). The goal of HBV

treatment is to prevent the development of cirrhosis, liver failure,
and hepatocellular carcinoma (HCC). A high serum HBV DNA
level in patients with chronic hepatitis B (CHB) is an independent
risk factor for disease progression to cirrhosis and HCC (3, 4).
Reducing HBV DNA to very low or undetectable levels with nucle-
os(t)ide analogue (NUC) therapy is associated with reduced risks
of disease progression (5–8).

With the availability of potent NUCs, such as entecavir (ETV)
and tenofovir disoproxil fumarate (TDF), suppression of serum
HBV DNA to levels undetectable by PCR assays is achievable in
most NUC treatment-naive patients without selecting for drug-
resistant HBV mutants (9, 10). Until recently, however, many pa-
tients worldwide began antiviral treatment with the less potent
NUCs, such as lamivudine (LAM) or adefovir (ADV), which also
have a low genetic barrier to resistance.

Add-on combination therapy with LAM and ADV has been the
most common rescue therapy in patients with LAM-resistant
HBV. However, in such patients, the continued use of LAM does
not provide additional antiviral suppression (11). Consequently, a
substantial proportion of patients have a suboptimal virological
response (VR) during LAM plus ADV combination therapy (12–
14). The efficacy of ETV or TDF monotherapy may also be lower
in patients who fail to respond to LAM plus ADV than in treat-
ment-naive patients (15–17).

The combination of ETV, a nucleoside analogue, and ADV, a
nucleotide analogue, has been shown to be a useful treatment
option for patients who have failed various NUC therapies (18–
20). This combination was assessed in a 52-week randomized trial
in 90 CHB patients with suboptimal VRs after combination treat-

ment with LAM plus ADV for lamivudine-resistant HBV (18).
Patients treated with ETV plus ADV had a significantly higher rate
of VR (serum HBV DNA � 60 IU/ml) than those who continued
treatment with LAM plus ADV (29% versus 4%). At the end of the
trial, additional mutations corresponding to resistance to ADV or
ETV were detected in none of the patients given ETV plus ADV
but were detected in 15% of patients given LAM plus ADV.

The purpose of this study was to evaluate the VR and resistance
mutation profile during long-term extended treatment with ETV
plus ADV in patients who completed the initial 52-week random-
ized trial.

MATERIALS AND METHODS
Study design. This was an open-label trial in 90 LAM-resistant CHB pa-
tients who had failed to respond to LAM plus ADV combination therapy.
The study cohort originally participated in a 52-week randomized con-
trolled trial comparing the efficacy of ETV plus ADV with that of contin-
ued LAM plus ADV (18). All but one of the 90 subjects enrolled in this
extension study and received ETV plus ADV for an additional 52 weeks
(Fig. 1). All subjects who had participated in the initial study were eligible.
There was no interruption in treatment before enrollment.

This study (ClinicalTrials.gov identification [ID] number
NCT01023217) was conducted in accordance with the ethical principles
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of the Declaration of Helsinki and in accordance with good clinical prac-
tice and local regulatory requirements. The Institutional Review Board of
Asan Medical Center approved the study, and written informed consent
was obtained from all patients.

Study subjects. Patients eligible for the original study were aged be-
tween 16 and 75 years and were seropositive for hepatitis B surface antigen
(HBsAg) for at least 6 months (18). They had confirmed HBV mutants
resistant to LAM (rtM204V/I and/or rtL180M) and a serum HBV DNA
concentration � 2,000 IU/ml after 6 months of combination treatment
with LAM (100 mg/day) plus ADV (10 mg/day) that was ongoing at the
time of randomization. All patients had good liver function (Child-Pugh-
Turcotte score � 6).

In the original study, 45 patients were randomized to receive treat-
ment with ETV (1 mg/day orally) plus ADV (10 mg/day orally) for 52
weeks, and all agreed to extend the treatment to 104 weeks (EA-EA group;

Fig. 1). A control group of 45 patients were initially treated with a contin-
uation of LAM (100 mg/day orally) plus ADV (10 mg/day orally) for 52
weeks. All patients, except for one who refused to participate in the exten-
sion study, were switched to ETV (1 mg/day orally) plus ADV (10 mg/day
orally) for an additional 52 weeks (LA-EA group).

Clinical and laboratory evaluations. Patients were assessed on the
first study visit (baseline) and at visits on weeks 4, 12, 24, 36, 52, 64, 76, 88,
and 104. On each visit, patients were evaluated for adherence to study
medications (checked by the returned pill count) and for adverse events.
Hematology, biochemistry, and prothrombin time/international normal-
ized ratio (INR) were assessed. The HBV DNA level was measured at
baseline and at each study visit using a real-time PCR assay (Abbott Lab-
oratories, Chicago, IL) with a linear dynamic detection range of 15 to 1 �
109 IU/ml. The HBV genome was assayed for ADV and ETV resistance
mutations by restriction fragment mass polymorphism (RFMP) analysis
at baseline and at weeks 52 and 104, as described previously (21, 22).
HBeAg and anti-HBe were assessed at baseline and at weeks 52 and 104,
using a commercially available enzyme immunoassay (Abbott Laborato-
ries). The upper limit for normal alanine aminotransferase (ALT) was
defined as 30 IU/liter for men and 19 IU/liter for women.

Statistical analysis. The primary analysis set for determining efficacy
and safety was a modified intent-to-treat population consisting of all pa-
tients who received at least one dose of study medication after enrollment.
Patients who discontinued the study before week 104 were considered
failures for all antiviral end points after the time of discontinuation.

Between-group differences of continuous variables were tested for sig-
nificance using independent sample t tests. Categorical variables were
compared using the chi-square test or Fisher’s exact test, as appropriate.

Statistical analyses were performed using SAS version 9.1 (SAS Insti-
tute, Cary, NC), SPSS version 13.0 (SPSS, Chicago, IL), and R version
2.13.2 (http://cran.r-project.org/). A P value of less than 0.05 was consid-
ered statistically significant.

RESULTS
Characteristics of patients. The characteristics of the 90 patients
who were randomized in the original study and the 89 who par-
ticipated in the extension study are shown in Table 1. The two

FIG 1 Flow diagram of the study. This extension study (gray boxes) enrolled
89 of 90 patients who completed the original 52-week randomized trial (white
boxes) (18) in lamivudine-resistant chronic hepatitis B patients with a subop-
timal response to lamivudine plus adefovir combination therapy.

TABLE 1 Characteristics of study patientsa

Characteristic

Value(s)

Baseline Wk 52

LA-EA (n � 45) EA-EA (n � 45) P LA-EA (n � 44) EA-EA (n � 45) P

Age in yrs (mean � SD) 49 � 11 45 � 11 0.10 50 � 11 46 � 11 0.10

Sex
No. (%) of males 34 (75.6) 33 (73.3) 0.81 34 (77.3) 33 (73.3) 0.67
No. (%) of females 11 (24.4) 12 (26.7) 10 (22.7) 12 (26.7)

Median (interquartile range) serum ALT
(IU/liter)

33 (25–47) 28 (19–40) 0.40 29 (21–41) 23 (18–31) 0.13

Median (interquartile range) serum total
bilirubin (mg/dl)

1.0 (0.8–1.25) 0.9 (0.7–1.2) 0.07 1.2 (0.9–1.5) 1.0 (0.9–1.3) 0.10

Median (interquartile range) serum
albumin (g/dl)

4.3 (4.2–4.5) 4.3 (4.1–4.4) 0.61 4.3 (4.1–4.5) 4.3 (4.2–4.5) 0.29

Median (interquartile range) serum
creatinine (mg/dl)

0.9 (0.8–1.1) 0.9 (0.8–1.0) 0.10 0.9 (0.8–1.1) 0.9 (0.8–1.0) 0.29

Median (interquartile range) INR 1.02 (0.98–1.07) 1.01 (0.98–1.05) 0.36 1.04 (1.00–1.08) 1.04 (1.01–1.07) 0.78
No. (%) of patients with HBeAg positivity 41 (91.1) 39 (86.7) 0.50 42 (96) 40 (89) 0.50
Median (interquartile range) serum HBV

DNA (log10 IU/ml)
4.60 (3.93–5.25) 4.40 (3.59–5.18) 0.72 4.04 (3.35–4.93) 2.60 (1.59–3.27) �0.01

a Baseline, week 0 in the original 52-week study (18). LA-EA, group of patients who were treated with combination of lamivudine (100 mg/day) and adefovir (10 mg/day) for 52
weeks and then with a combination of entecavir (1 mg/day) and adefovir for 52 weeks. EA-EA, group of patients who were treated with combination of entecavir (1 mg/day) and
adefovir (10 mg/day) for 104 weeks. ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; INR, international normalized ratio.
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treatment groups were well-balanced for baseline characteristics,
including HBeAg status and median serum HBV DNA concentra-
tion. However, after 52 weeks of treatment in the initial study, the
residual median HBV DNA concentrations were significantly
higher in the LA-EA group than in the EA-EA group (4.04 log10

IU/ml [interquartile range {IQR}, 3.35 to 4.93 log10 IU/ml] versus
2.60 log10 IU/ml [IQR, 1.59 to 3.27 log10 IU/ml]; P � 0.01).

Virological response. When the extension study began at week
52, significantly more patients in the EA-EA group than in the
LA-EA group had achieved a VR (serum HBV DNA � 60 IU/ml,
n � 13 [28.9%] versus n � 2 [4.4%]; P � 0.01) (Fig. 2). The
number of patients in the EA-EA group who achieved a VR during
treatment gradually increased to 19 (42.2%) by week 104 (Fig. 2).
In the LA-EA group, the number of patients with a VR increased
gradually after switching to treatment with ETV plus ADV at week
52. At week 104, the proportions of patients with VR were com-
parable in the EA-EA (42.2%) and LA-EA (n � 15; 34.1%) groups
(P � 0.51) (Fig. 2).

The mean reduction in serum HBV DNA levels from baseline
was significantly less in the LA-EA group than in the EA-EA group
at week 52 (�0.6 log10 IU/ml versus �2.2 log10 IU/ml; P � 0.01)
(Fig. 3). However, the mean levels of HBV DNA reduction were
similar in the two groups at week 64 and were �2.8 log10 IU/ml in
the EA-EA group and �2.8 log10 IU/ml in the LA-EA group at
week 104 (P � 0.87).

Virological breakthrough (�1 log10 IU/ml increase in serum
HBV DNA from nadir during therapy) was observed at week 88 in
1 patient in the EA-EA group who had HBV mutants resistant to
ADV (rtA181T) in addition to mutants resistant to LAM (rtM204I
and rtL180M) at baseline. Medication nonadherence was sus-
pected in the patient at the time of virological breakthrough; no
additional ADV- or ETV-resistant mutants were detected at that
time or at the end of the study.

Biochemical and serological responses. The proportions of
patients with normal serum ALT concentrations at week 104 did
not differ significantly in the LA-EA and EA-EA groups (59.1%
versus 68.9%; P � 0.38). Among the patients who were HBeAg
positive at baseline, 5.0% (2/40) in the LA-EA group and 15.4%

(6/39) in the EA-EA group became HBeAg negative at week 104
(P � 0.15). The proportions of patients who achieved HBeAg
seroconversion at week 104 were 5.0% (2/40) in the LA-EA group
and 7.7% (3/39) in the EA-EA group (P � 0.68).

Genotypic resistance surveillance. At baseline, all patients
had LAM-resistant HBV mutants, including 64 (71.1%) with
rtM204V/I plus rtL180M, 25 (27.8%) with rtM204V/I, and 1
(1.1%) with rtA181T plus rtL180M. Twenty patients also had
ADV-resistant HBV mutants with or without ETV-resistant mu-
tants, including 18 patients with ADV-resistant HBV mutants (10
with rtA181V/T plus rtN236T, 8 with rtA181V/T), 1 patient with
an ETV-resistant mutant (rtT184A), and 1 patient with a mutant
that was both ADV resistant and ETV resistant (rtA181T plus
rtN236T plus rtM250L) (Table 2). The numbers of patients with
baseline ADV-resistant and/or ETV-resistant HBV mutants in the
LA-EA group (n � 12; 26.7%) and EA-EA groups (n � 8; 17.8%)
were not significantly different (P � 0.31).

The ADV and ETV resistance mutations in paired samples
from all study patients with detectable serum HBV DNA at base-
line, week 52, and week 104 were genotyped by RFMP (Table 2).
At week 52, 83.3% (10/12) of the patients in the LA-EA group and
37.5% (3/8) of those in the EA-EA group with ADV- or ETV-
resistant HBV mutants at baseline still had them (P � 0.06). ADV
resistance mutations were additionally selected in 5 patients in the
LA-EA group and in none in the EA-EA group at week 52 (P �
0.02). Four of the five patients also had inadequate VRs at that
time. The overall number of patients with detectable ADV or ETV
resistance mutations at week 52 was significantly greater in the
LA-EA group than in the EA-EA group (n � 15 [33.3%] versus 3
[6.7%]; P � 0.01) (Table 2 and Fig. 4).

Between weeks 52 and 104, no additional ADV and/or ETV
resistance mutation was selected in any patient in either group.
Only 8 of the 20 patients with ADV or ETV resistance mutations at
baseline still had them at week 104 (P � 0.01). Thus, the overall
numbers of patients with detectable ADV or ETV resistance mu-
tations at week 104 were significantly lower than those measured
at baseline (P � 0.01) and were comparable in the two groups (6 in
the LA-EA group and 2 in the EA-EA group; P � 0.27) (Table 2
and Fig. 4).

Safety. The numbers of patients with any adverse event were

FIG 2 The proportions of patients with virological response (serum HBV
DNA � 60 IU/ml) by study visit and treatment group. Baseline is defined as
week 0 in the original 52-week study, and the data up to 52 weeks were adapted
from the original study (18). The error bars indicate 95% confidence intervals.
Fisher’s exact test was used for the statistical analysis at each time point.

FIG 3 Mean change in serum HBV DNA concentrations from baseline over
104 weeks by study visit and treatment group. The error bars indicate 95%
confidence intervals. An independent sample t test was used for the statistical
analysis at each time point.
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similar in the two groups (n � 16 [36.4%] versus 15 [33.3%]; P �
0.76) (Table 3). Most adverse events were mild (grade 1) and
considered unrelated to treatment. No patient experienced an
ALT flare (�10� the upper limit of normal [ULN]) or a decrease
of the serum phosphorus level to �2.0 mg/dl during the treatment
period. One patient in the LA-EA group and three patients in the
EA-EA group required a reduction of the ADV dose following an
increase in the serum creatinine concentration. The dose adjust-
ment led to a return to normal creatinine levels in all four patients.
The numbers of patients with serious adverse events (SAE) were
also similar in the two groups (n � 4 [9.1%] versus 5 [11.1%]; P �
0.99); all SAE were considered unrelated to treatment. Two pa-
tients in the EA-EA group developed HCC.

DISCUSSION

In the initial phase of this study, 52 weeks of treatment with ETV
plus ADV resulted in a higher VR rate than was achieved with
LAM plus ADV and in significantly suppressed HBV replication

and was not associated with additional selection of resistance mu-
tations (18). However, ETV plus ADV combination therapy was
not sufficiently effective to achieve VR in all patients. The patients’
histories of multiple-drug refractoriness and the relatively short
duration of the treatment were suggested to have reduced the
treatment effectiveness. Thus, in this extension study, we wanted
to observe the efficacy of long-term ETV plus ADV combination
treatment. The study showed that prolonged treatment with the
combination of ETV plus ADV for up to 104 weeks resulted in a
gradual increase of the VR rates in the patients. Extensive geno-

TABLE 2 Genotypic resistance surveillancea

Parameter

No. (%) of patients with indicated value(s)/total no. of patients

Baseline Wk 52 Wk 104

LA-EA EA-EA P LA-EA EA-EA P LA-EA EA-EA P

Patients with HBV mutants
resistant to ADV or ETV

12 (26.7) 8 (17.8) 0.31 15 (33.3) 3 (6.7) �0.01 6 (13.3) 2 (4.4) 0.27

Patients with retainment of
indicated baseline HBV
mutant(s)

12 8 0.31 10/12 (83.3) 3/8 (37.5) 0.06 6/12 (50) 2/8 (25) 0.37

rtA181T,V � rtN236T 3 0 3 0 3 0
rtA181T � rtN236T 3 1 3 0 1 0
rtA181V � rtN236T 0 3 0 1 0 1
rtA181T 4 1 2 0 0 0
rtA181V 2 1 2 0 2 0
rtT184A 0 1 0 1 0 0
rtA181T � rtN236T � rtM250L 0 1 0 1 [rtM250L] 0 1 [rtM250L]

Patients with additional emergence
of indicated HBV mutant(s)

NA NA NA 5/33 (15.2) 0/38 (0) 0.02 0/33 0/38 NA

rtA181T � rtN236T NA NA 1 0 0 0
rtA181V � rtN236T NA NA 2 0 0 0
rtA181T NA NA 1 0 0 0
rtN236T NA NA 1 0 0 0

a Baseline, week 0 in the original 52-week study (18). NA, not applicable.

FIG 4 The proportions of patients with detectable HBV mutants resistant to
adefovir or entecavir by study visit and treatment group. Fisher’s exact test was
used for the statistical analysis at each time point.

TABLE 3 Summary of safety

Parameter

Value(s) at wk 104

LA-EA (n � 44) EA-EA (n � 45) P

No. (%) of patients with:
Any adverse event 16 (36.4) 15 (33.3) 0.76
Serious adverse event 4 (9.1) 5 (11.1) 1.00
Hepatocellular carcinoma 0 2 (4.4) 0.49
Dose reduction of study

medication
1 (2.3) 3 (6.7) 0.62

Discontinuation of study
medication

0 0 NA

ALT flarea 0 0 NA
Increase in serum creatinineb 1 (2.3) 2 (4.4) 1.00

Mean � SD serum creatinine
(mg/dl)

0.96 � 0.21 0.91 � 0.23 0.26

Mean � SD serum phosphorus
(mg/dl)

3.32 � 0.46 3.34 � 0.48 0.86

Mean � SD serum lactic acid
(mmol/liter)

1.50 � 0.82 1.43 � 0.74 0.70

a ALT flare, ALT � 10 � ULN.
b Increase in serum creatine, �0.5 mg/dl above baseline.
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typic analyses confirmed that no additional selection of mutations
corresponding to resistance to ADV or ETV occurred during
treatment.

In the initial phase of the study, up to 78% of the patients who
continued on LAM plus ADV had inadequate VRs at week 52 (18).
However, after switching to treatment with ETV plus ADV, those
patients achieved rapid reductions of serum HBV DNA load and
significantly increased VR rates. Together with those of another
large-scale randomized trial comparing the efficacy of ETV plus
ADV to the efficacy of LAM plus ADV in patients with LAM re-
sistance (20), these data clearly demonstrate the superiority of
ETV plus ADV combination therapy in suppressing HBV replica-
tion in CHB patients with drug-resistant HBV mutants. These
data also confirm the incremental benefit of combination therapy
with ETV plus ADV, two agents that have independent antiviral
potency without cross-resistance.

Patients in the LA-EA group achieved rapid reductions in the
serum HBV DNA load immediately after switching to treatment
with ETV plus ADV after 52 weeks of treatment with LAM plus
ADV. Nevertheless, late implementation of this rescue therapy
should not be advocated, because continuing treatment with LAM
plus ADV after a suboptimal response during the initial phase of
this study promoted the selection of multiple-drug-resistant HBV
strains. In those patients, continuing treatment with LAM plus
ADV selected for mutations resistant to ADV in 15% (5/33) of the
patients by week 52. In general, the efficacy of any rescue therapy
decreases as the number of genotypic resistance mutations in-
creases (17, 19). Rescue therapy should thus be implemented as
soon as possible in patients with multiple-drug failure, before the
selection of mutations corresponding to resistance to multiple
drugs.

Genotypic analysis of HBV drug resistance mutations in all
patients with detectable serum HBV DNA at week 104 did not
demonstrate selection of additional ADV or ETV resistance mu-
tations. The analysis revealed that a significant reduction of levels
of detectable ADV- and/or ETV-resistant mutants had occurred.
One patient who had ADV-resistant HBV mutant at baseline ex-
perienced virological breakthrough during treatment with ETV
plus ADV. The response in the patient was thought to be associ-
ated with medication nonadherence and was not related to selec-
tion of additional resistance mutations. These results may be as-
sociated with the lack of cross-resistance between ETV and ADV
and the susceptibility of ADV-resistant HBV mutants to ETV, as
shown by both laboratory and clinical studies (15, 23, 24). The
efficacy of ETV plus ADV combination therapy in preventing ad-
ditional selection of resistance mutations was also demonstrated
in a recent large-scale randomized trial in patients with LAM re-
sistance (20). In this trial, genotypic resistance to ETV or ADV was
detected in only 2 of 138 patients after treatment with ETV plus
ADV for 96 weeks. One of the two patients already harbored an
ADV-resistant mutant at baseline.

The combination of ETV and ADV was generally well tolerated
during the 104-week treatment period. A few patients (one patient
in the LA-EA group and three patients in the EA-EA group) re-
quired a dose reduction of ADV after a mild increase in the level of
serum creatinine. Recovery of normal creatinine levels occurred
in all four patients. Overall, there were no significant changes in
serum creatinine or serum phosphorus concentrations.

Treatment options for patients with multiple-drug-refractory
or -resistant HBV are limited, and even the few options that exist

have undergone limited evaluation in randomized, controlled
clinical trials. Although recent studies suggest that TDF may be
effective for the treatment of patients with LAM resistance (25),
several recent single-arm cohort studies demonstrated that the
efficacy of TDF monotherapy was reduced by a history of subop-
timal response to multiple drugs and by the presence of ADV
resistance mutations (16, 17). Furthermore, TDF is still not avail-
able in some countries, and to some patients, because of licensing,
cost, or tolerability. This study may have inherent limitations be-
cause it was an open-label evaluation. Although objective virolog-
ical and biochemical end points were used and drug adherence
was monitored, the lack of blinding might have affected the atti-
tudes of the study patients or investigators.

In conclusion, this extension study demonstrated that 104
weeks of treatment with ETV plus ADV resulted in a gradual in-
crease of the VR rate, a steady reduction in the serum HBV DNA
concentration, a reduction in levels of preexisting antiviral drug-
resistant HBV mutants, and no occurrence of additional drug re-
sistance mutations after the initial 52 weeks of treatments. The
safety profile was acceptable. These results support the combina-
tion of ETV plus ADV as a long-term treatment option for CHB
patients with multiple-drug resistance or refractoriness.
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