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BACKGROUND & AIMS: Entecavir (ETV) and tenofo-
vir disoproxil fumarate (TDF) are potent antiviral agents
that might have additive or synergistic antiviral activity in
treatment of patients with chronic hepatitis B (CHB). We
compared the efficacy and safety of ETV monotherapy
with those of a combination of ETV and TDF. METH-

DS: We performed a randomized, open-label, multi-
enter, superiority study of 379 nucleos(t)ide-naïve pa-
ients with hepatitis B e antigen (HBeAg)-positive (n �
64) or HBeAg-negative (n � 115) CHB. Subjects were

given ETV 0.5 mg (n � 182) or a combination of ETV 0.5
mg and TDF 300 mg (n � 197) for 100 weeks. RESULTS:
At week 96, comparable proportions of patients in each
study arm achieved the primary end point of a level of
hepatitis B virus (HBV) DNA �50 IU/mL (83.2% vs 76.4%;
P � .088). Among HBeAg-positive patients, a greater pro-
portion given combination therapy achieved levels of HBV
DNA �50 IU/mL than those given ETV alone (80.4% vs
69.8%; P � .046). However, this difference was observed
only in patients with baseline levels of HBV DNA �108

IU/mL (79% vs 62%) and not in those with baseline levels
of HBV DNA �108 IU/mL (83% in both arms). Rates of
HBeAg loss and HBeAg seroconversion were comparable
between groups, whereas the rate of alanine aminotrans-
ferase normalization was greater in the ETV monotherapy
group. No HBV variants associated with ETV or TDF
resistance were detected. Safety profiles were consistent
with previous reports of ETV or TDF monotherapy.
CONCLUSIONS: The antiviral efficacy of ETV
monotherapy is comparable to that of ETV plus
TDF in a mixed population of nucleos(t)ide-naïve
patients with CHB (70% HBeAg positive). The com-
bination therapy could provide an incremental ben-
efit to HBeAg-positive patients with baseline levels
of HBV DNA >108 IU/mL. Clinical trial informa-
tion: ETV-110, the BE-LOW study; NCT00410072.

Keywords: Antiviral Therapy; Nucleos(t)ide Analogue; Hep-
atitis B e Antigen; ALT.
The aim of chronic hepatitis B (CHB) treatment is the
durable suppression of hepatitis B virus (HBV) rep-

ication, with the goals of preventing cirrhosis, liver fail-
re, and hepatocellular carcinoma (HCC).1,2 A long dura-

tion of nucleos(t)ide analogue (NA) therapy is usually
required to achieve a sustained response. Antiviral therapy
that results in rapid and maximal viral suppression and has
a high genetic barrier to resistance is most likely to achieve
and maintain virologic suppression during long-term use.3

The combination of 2 or more potent NAs may provide
additive or synergistic antiviral activity, which may result in
faster or more profound viral suppression. In the treatment
of human immunodeficiency virus infection, combination
therapy is well established as superior to sequential mono-
therapy in terms of efficacy and prevention of drug resis-
tance and is the current standard of care.4 In CHB, few
tudies exploring the combination of 2 NAs in treatment-
aïve patients have been reported to date. With the first-
eneration NAs adefovir dipivoxil and lamivudine, 2 years of
ombination therapy with both agents was more effective in
erms of HBV DNA suppression and alanine aminotransfer-
se (ALT) normalization and was associated with a lower rate
f resistance development than lamivudine monotherapy;
owever, serologic responses were comparable between the 2
reatment groups.5 In a study with telbivudine and lamivu-
ine, rates of HBV DNA suppression and ALT normalization
fter 1 year of treatment were not significantly different
etween the combination of both agents and telbivudine
lone, and the rate of virologic breakthrough was higher
ith the combination therapy.6

Among the approved NAs, entecavir (ETV) and tenofo-
vir disoproxil fumarate (TDF) have potent antiviral activ-
ity7 and are currently recommended as first-line mono-
therapies for CHB.1,2 Both drugs achieved high rates of

BV DNA suppression and ALT normalization in phase 3
tudies in hepatitis B e antigen (HBeAg)-positive and in
BeAg-negative patients and showed maintenance of viral

Abbreviations used in this paper: CHB, chronic hepatitis B; ETV,
entecavir; NA, nucleos(t)ide analogue; NC�F, noncompleters � fail-
ures; NC�M, noncompleters � missing; TDF, tenofovir disoproxil fuma-
rate; ULN, upper limit of normal.
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suppression in long-term studies.8 –15 In addition, both
ETV and TDF are associated with low rates of resistance
development in NA-naïve patients during long-term ther-
apy16 –18 and have a nonoverlapping pattern of resistance
ubstitutions,1 making these 2 NAs potential candidates for
ombination therapy. Both drugs showed favorable safety
rofiles over 5 years.15,19 However, some adverse events have

been reported, including mild renal impairment,20 in partic-
ular with TDF,21 or lactic acidosis with ETV in patients with

ecompensated liver disease and high Model for End-Stage
iver Disease scores (�22),22 which could potentially be

exacerbated with combined treatment.
The objective of this study was to evaluate the efficacy

and safety of ETV plus TDF combination therapy com-
pared with ETV monotherapy in NA-naïve patients with
HBeAg-positive or HBeAg-negative CHB.

Patients and Methods
Study Design
This was a randomized, open-label, multicenter, phase 3b

superiority study (ETV-110, the BE-LOW study; NCT00410072) in
NA-naïve HBeAg-positive or HBeAg-negative patients with CHB.
Patients were randomized 1:1 to receive ETV 0.5 mg plus TDF 300
mg once daily or ETV 0.5 mg once daily for 100 weeks, with the
primary end point measurement at week 96. To test whether
patients with high viral load might derive greater benefit from
combination therapy, the total number of HBeAg-negative
patients was capped at 30%. Randomized treatment assign-
ments were generated by a central randomization center and
provided to sites during individual patient enrollment using an
interactive voice response system. Patients were randomized us-
ing a block design stratified by investigative site and HBeAg
status. At the end of study dosing, further treatment with
commercially available therapies was at the discretion of the
investigator. All subjects who discontinued treatment at or be-
fore week 100 entered a follow-up period for up to 24 weeks.

The study was conducted in accordance with the ethical
principles of the Declaration of Helsinki and the regulatory
requirements of all participating countries. Institutional ap-
proval was obtained at all clinical sites, and written informed
consent was provided by all study participants.

Patients
Patients were enrolled between April 2007 and Novem-

ber 2008 by the study investigator in 69 centers from 13 coun-
tries. Eligible patients were male or female, aged 16 years or
older, with HBeAg-positive or HBeAg-negative CHB (detectable
hepatitis B surface antigen [HBsAg] at screening and for �24
weeks before screening or detectable HBsAg for �24 weeks and
negative immunoglobulin M core antibody) and compensated
liver function (international normalized ratio �1.5, serum albu-
min level �3 g/dL, serum total bilirubin level �2.5 mg/dL). At
screening, serum HBV DNA values were required to be �172,000
IU/mL (approximately 106 copies/mL) in HBeAg-positive pa-
ients and �17,200 IU/mL (approximately 105 copies/mL) in

HBeAg-negative patients. ALT values were required to be �1.3
times and �10 times the upper limit of normal (ULN; 48 U/L
for male patients and 37 U/L for female patients) based on
results of the central testing laboratory, at screening, and at least

once �12 weeks before screening.
Efficacy Analyses
The primary efficacy end point was the proportion of

patients achieving an HBV DNA level �50 IU/mL (approxi-
mately 300 copies/mL) at week 96. Selected secondary efficacy
end points included the proportion of patients achieving an
HBV DNA level �50 IU/mL at week 48 and the proportion of
patients at weeks 48 and 96 achieving an HBV DNA level �50
IU/mL by HBeAg status, ALT normalization (�1 times ULN),
HBeAg loss and HBeAg seroconversion (among those HBeAg
positive), and HBsAg loss. The mean values of HBV DNA were
calculated at baseline, week 4, and from week 12 onward at
12-week intervals through week 96. The incidence of virologic
breakthrough (confirmed �1-log10 increase in HBV DNA level
rom nadir) and cumulative probability of HBV antiviral drug
esistance were determined through week 96. Sequencing of
BV polymerase was performed on all baseline samples and

n-treatment samples from patients with an HBV DNA level
50 IU/mL at weeks 48 or 96 or last study visit if treatment was

iscontinued prematurely and at the time of virologic break-
hrough.

Safety Analyses
Cumulative safety was assessed through week 96. HBV-

related outcomes, including ALT flares, hepatic decompensa-
tion, and HCC, were also assessed during a 24-week off-treat-
ment follow-up period. The frequencies of serious adverse events
and deaths were reported for all enrolled patients, and other
safety evaluations were based on treated patients. ALT flares
were defined as ALT levels �2 times baseline and �10 times
ULN. Plasma phosphate levels were not monitored, and plasma
lactate levels were measured only in patients with suspected
lactic acidosis.

Assay Methodology
Data were collected at the investigator’s site and central

laboratory. Serum HBV DNA level was measured using the
Roche Cobas TaqMan HPS assay (Branchburg, NJ) (lower limit
of detection, 10 IU/mL [approximately 58 copies/mL]). Antiviral
drug resistance mutation was determined using the Trugene
HBV genotyping assay (Bayer, Tarrytown, NY), which is based on
population sequencing of the HBV polymerase gene. Cumulative
probabilities of genotypic resistance and virologic breakthrough
with resistance were calculated as described previously.23 Cumu-
lative probabilities were calculated separately for resistance to
ETV (amino acid substitutions at M204 � L180 � T184 or S202
or M250) and to TDF (amino acid substitutions at A181, N236,
or A194 � M204).

Statistical Analysis
Efficacy analyses were based on patients who received at

least one dose of study medication (modified intent-to-treat
analysis). Patients who discontinued study medication before
week 96 were considered treatment failures (NC�F). An analysis
in which noncompleting patients were not evaluated (NC�M)
was also performed. A sample size of 384 randomized patients
(approximately 192 per arm) was estimated to provide �80%
power to show superiority of ETV plus TDF versus ETV alone
for the primary end point at week 96 for the overall patient
population, assuming a response rate (NC�F) of 85% for com-

bination therapy and 70% for monotherapy among HBeAg-
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September 2012 ENTECAVIR VS ENTECAVIR PLUS TENOFOVIR IN CHB 621
positive patients and 95% for combination therapy and 90% for
monotherapy among HBeAg-negative patients and that 70% of
the patients would be HBeAg positive and 30% HBeAg negative.
In the absence of any clinical data on the ETV plus TDF com-
bination, the projected response rates for the combination arm
were selected based on clinical assessment of what increment in
response might warrant the additional risks and expense of dual
nucleos(t)ide exposure. The sample size also provided 80% power
to show superiority for the secondary end point of the propor-
tion of patients with an HBV DNA level �50 IU/mL at week 96
for ETV plus TDF compared with ETV monotherapy for the
subset of HBeAg-positive patients.

Categorical variables were summarized by counts and per-
centages. Comparisons of binary variables were based on Co-
chran–Mantel–Haenszel statistics stratified by HBeAg status. For
the primary end point and the prespecified secondary end point
(proportion of patients with an HBV DNA level �50 IU/mL at
week 96, overall, and for HBeAg-positive patients), ETV plus
TDF was considered superior to ETV alone if the P value was

.05. Continuous variables were summarized with descriptive
tatistics and compared using the 2-sided t test based on linear
egression adjusting for baseline measurements. Unplanned post
oc statistical comparisons were performed for other secondary
nd points of interest, including week 96 HBeAg loss, HBeAg
eroconversion, and ALT normalization. The P values presented
or these secondary end points were not adjusted for multiple
omparisons. A post hoc exploratory analysis assessed the
roportion of HBeAg-positive patients by baseline HBV DNA

evel (subgroups �108 IU/mL vs �108 IU/mL) in each treat-
ment group who achieved an HBV DNA level �50 IU/mL at
weeks 48 and 96. Additional analyses evaluated rates of
HBeAg loss and seroconversion by baseline ALT level and
HBV genotype and rates of ALT normalization by baseline

Figure 1. Disposi
body mass index.
Results
Patient Population
Of the 384 patients randomized in this study, 379

were treated with ETV plus TDF (n � 197) or ETV alone
(n � 182) (Figure 1 and Supplementary Figure 1). More

atients in the combination arm than in the monotherapy
rm discontinued therapy before week 96 (23 [11.6%] vs
2 [6.5%]), but this difference was not statistically signif-

cant (P � .11). The most common reasons for treatment
iscontinuation were lost to follow-up (ETV � TDF, 6;
TV, 7) and adverse events (ETV � TDF, 5; ETV, 2). At the
nd of study treatment (early discontinuation or at week
00), 309 patients received commercial anti-HBV thera-
ies, whereas 50 patients entered off-treatment follow-up.
he baseline demographics and disease characteristics
ere generally well balanced across treatment groups (Ta-
le 1), with approximately 50% Asian and 50% white
atients and 70% HBeAg-positive and 30% HBeAg-nega-
ive patients in both arms. The mean baseline HBV DNA
evel was 7.5 log10 IU/mL overall in both arms and ap-
roximately 2 log10 IU/mL higher among HBeAg-positive

patients than among HBeAg-negative patients (Table 1).
In the combination therapy arm, baseline ALT levels were
higher, with a mean of 158 U/L compared with 127 U/L
in the monotherapy arm, and there were more male pa-
tients (ETV � TDF, 74.1%, ETV, 63.7%).

Virologic Response
At week 96, no significant difference for the pri-

mary efficacy end point was observed between the 2 treat-

of study patients.
ment arms (Figure 2A). Among patients receiving ETV
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plus TDF, 83.2% (164/197) had an HBV DNA level �50
IU/mL at week 96 compared with 76.4% (139/182) receiv-
ing ETV alone (P � .088). At week 48, 80.2% of patients in

Table 1. Baseline Demographics and Disease
Characteristics

ETV 0.5 mg
ETV 0.5 mg �
TDF 300 mg

(n � 182) (n � 197)

Age (y), mean (SE) 40 (1.1) 39 (1.0)
Male, n (%) 116 (63.7) 146 (74.1)
Race, n (%)

Asian 84 (46.2) 102 (51.8)
White 83 (45.6) 87 (44.2)
Black 10 (5.5) 4 (2.0)
Native Hawaiian/Pacific Islander 1 (0.5) 1 (0.5)
Other 4 (2.2) 3 (1.5)

HBeAg status, n (%)
HBeAg positive 126 (69.2) 138 (70.1)
HBeAg negative 56 (30.8) 59 (29.9)

HBV DNA, mean log10 IU/mL (SE)
Overall 7.5 (0.11) 7.5 (0.10)
HBeAg positive 8.10 (0.09) 8.15 (0.08)
HBeAg negative 6.09 (0.18) 6.09 (0.15)

BV genotype, n/N (%)
A

Overall 38/182 (20.9) 36/197 (18.3)
HBeAg positive 30/126 (23.8) 33/138 (23.9)
HBeAg negative 8/56 (14.3) 3/59 (5.1)

B
Overall 38/182 (20.9) 35/197 (17.8)
HBeAg positive 24/126 (19.0) 22/138 (15.9)
HBeAg negative 14/56 (25.0) 13/59 (22.0)

C
Overall 35/182 (19.2) 53/197 (26.9)
HBeAg positive 30/126 (23.8) 44/138 (31.9)
HBeAg negative 5/56 (8.9) 9/59 (15.3)

D
Overall 55/182 (30.2) 57/197 (28.9)
HBeAg positive 30/126 (23.8) 28/138 (20.3)
HBeAg negative 25/56 (44.6) 29/59 (49.2)

Othera

Overall 12/182 (6.6) 16/197 (8.1)
HBeAg positive 8/126 (6.3) 11/138 (8.0)
HBeAg negative 4/56 (7.1) 5/59 (8.5)

Missing
Overall 4/182 (2.2) 0/197
HBeAg positive 4/126 (3.2) 0/138
HBeAg negative 0/56 0/59

ALT
Mean U/L (SE) 127 (7.3) 158 (13.1)
Categories, n/N (%)

�2 times ULN
Overall 76/182 (41.8) 79/197 (40.1)
HBeAg positive 47/126 (37.3) 52/138 (37.7)
HBeAg negative 29/56 (51.8) 27/59 (45.8)

2–5 times ULN
Overall 86/182 (47.3) 86/197 (43.7)
HBeAg positive 64/126 (50.8) 61/138 (44.2)
HBeAg negative 22/56 (39.3) 25/59 (42.4)

�5 times ULN
Overall 20/182 (11.0) 32/197 (16.2)
HBeAg positive 15/126 (11.9) 25/138 (18.1)
HBeAg negative 5/56 (8.9) 7/59 (11.9)

aHBV genotype E, F, mixed, or indeterminate.
the ETV plus TDF arm achieved an HBV DNA level �50
IU/mL compared with 70.3% in the ETV monotherapy
arm (P � .026). Likewise, the mean change from baseline
in serum HBV DNA level was slightly greater during the
first 48 weeks in the combination arm and was compara-
ble between treatment arms at week 96 (P � .25; Table 2
and Figure 3A).

Analysis of the virologic response according to baseline
HBeAg status showed that among HBeAg-positive pa-
tients, a higher proportion of patients in the combination
therapy arm than in the monotherapy arm had an HBV
DNA level �50 IU/mL at week 48 (80.2% vs 70.3%; P �
.018) and at week 96 (80.4% vs 69.8%; P � .046; Figure 2B).
n contrast, among HBeAg-negative patients, comparable
roportions of patients in both arms achieved HBV DNA

evels �50 IU/mL at week 48 (93.2% vs 91.1%; P � .67)
nd at week 96 (89.8% vs 91.1%; P � .82; Figure 2C).
imilar results were obtained when noncompleting pa-
ients were excluded from the analysis (NC�M; Supple-

entary Table 1). The mean change from baseline in
erum HBV DNA level at week 96 was slightly greater with
he combination treatment in HBeAg-positive patients
P � .04) and comparable in HBeAg-negative patients
Table 2 and Figure 3B). To determine the impact of
aseline viral load on the response to treatment, a post
oc exploratory analysis was performed. Among HBeAg-
ositive patients with a baseline HBV DNA level �108

IU/mL, 79% of patients in the combination arm achieved
an HBV DNA level �50 IU/mL at week 96 compared with
62% in the ETV monotherapy arm (P � .018), whereas
comparable results in the 2 treatment arms were observed
in patients with a baseline HBV DNA level �108 IU/mL
83% in both groups; Figure 2D).

Biochemical and Serologic Response
Through week 96, 81.9% of patients treated with

ETV alone achieved normalization of ALT levels com-
pared with 69.0% in the combination therapy arm (P �
.004). Among HBeAg-positive patients, comparable pro-
portions of patients in the monotherapy arm and combi-
nation therapy arm achieved HBeAg loss (38.9% vs 29.7%;
P � .16) and HBeAg seroconversion (32.5% vs 21.7%; P �
.08) (Table 2). The rates of HBsAg loss (2.7% vs 3.6%) and
HBsAg seroconversion (1.1% vs 2.0%) were low in both
treatment groups (Table 2). Similar results were obtained
when patients who discontinued study medication before
week 96 were counted as missing (Supplementary Table
1). All patients who achieved HBsAg loss at week 48 or 96
also had an HBV DNA level �50 IU/mL at that visit.
Among patients with HBeAg seroconversion at week 48
or 96, all had an HBV DNA level �50 IU/mL at that
visit, except 2 patients (1 in each arm) who had HBeAg
seroconversion at week 48 without complete virologic
response; both of these patients maintained HBeAg
seroconversion and had an HBV DNA level �50 IU/mL
at week 96. Rates of HBeAg loss and HBeAg serocon-
version by baseline ALT level and HBV genotype were
assessed post hoc (Table 2). Among HBeAg-positive

patients with a baseline ALT level �2.0 times ULN or
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2–5 times ULN, the proportion of patients with HBeAg
loss and HBeAg seroconversion at week 96 was higher
for the ETV arm than for the ETV plus TDF arm but
was similar for patients with a baseline ALT level �5
imes ULN (Table 2). Analysis of the serologic response
n HBeAg-positive patients according to HBV genotype
id not reveal any correlation.

Resistance and Virologic Breakthrough
Over the 96-week treatment period, 7 (3.6%; 5

HBeAg positive, 2 HBeAg negative) patients treated with
ETV plus TDF and 2 (1.0%; 1 HBeAg positive, 1 HBeAg
negative) patients treated with ETV alone experienced
virologic breakthrough. Population sequencing showed
that none of the patients with virologic breakthrough, or
with an HBV DNA level �50 IU/mL at week 48 or 96, had

BV with amino acid substitutions that have been re-
orted to be associated with ETV resistance or reduced
DF susceptibility.1

Safety
The mean time on therapy was 97 weeks in the

combination therapy arm and 94 weeks in the mono-
therapy arm. Five patients in the combination therapy
arm and 2 patients in the monotherapy arm discontinued

Figure 2. Virologic response (HBV DNA level �50 IU/mL) at weeks 48
patients, and (D) HBeAg-positive patients with baseline HBV DNA level
study therapy due to adverse events. The cumulative
safety profiles were similar between both treatment
groups, with comparable frequencies of adverse events
and serious adverse events (Table 3). Elevations of creati-
nine level by �0.3 mg/dL were observed with similar
frequencies across both arms (ETV, 6 [3.3%]; ETV � TDF,

[2.0%]). Elevations of creatinine level by �0.5 mg/dL
ere more frequent in patients receiving ETV mono-

herapy (ETV, 3 [1.6%]; ETV � TDF, 0); none of the
atients required dose reduction, and the increase in cre-
tinine level resolved with continued therapy in all 3
atients.
On-treatment ALT flares were reported in 3 HBeAg-

ositive patients (ETV, 1; ETV � TDF, 2); all occurred at
approximately 24 weeks of treatment and were associated
with a reduction in HBV DNA level and subsequent HBeAg
seroconversion. Of the 50 patients who entered off-treat-
ment follow-up, 35 patients completed 24 weeks of follow-
up; of these, 7 were HBeAg negative and 28 were HBeAg
positive at baseline. Among those HBeAg positive at baseline,
13 remained HBeAg positive and 15 lost HBeAg, of whom 13
underwent HBeAg seroconversion, before stopping treat-
ment. None of the 15 patients with HBeAg loss experienced
serologic relapse during follow-up. None of the 35 patients
completing the off-treatment follow-up experienced off-

d 96 in (A) all patients, (B) HBeAg-positive patients, (C) HBeAg-negative
08 IU/mL or �108 IU/mL. *Primary end point.
an
treatment flares; 8 had an HBV DNA level �50 IU/mL and
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7 had an HBV DNA level �1000 IU/mL at last off-treatment
ollow-up. Among the 15 patients who did not complete the
ff-treatment follow-up, none experienced off-treatment
ares through the last visit.
During treatment and postdosing follow-up, malignan-

ies were diagnosed in 4 patients treated with ETV (3
CC; 1 gastric cancer) and in 1 patient treated with ETV
lus TDF (breast cancer). All 3 patients with HCC had an
BV DNA level �50 IU/mL at the time of diagnosis and
ere diagnosed between 261 and 736 days after treatment

nitiation (2 on-treatment, 1 off-treatment); 2 of these
atients had cirrhosis before study treatment. Three
eaths were reported on treatment or during off-treat-

Table 2. Virologic, Biochemical, and Serologic Responses at

Wee

BV DNA mean change from baseline, log10 IU/mL (SE)
Overall �5.5
HBeAg positive �6.0
HBeAg negative �4.5

LT normalization
Overall 151/18
HBeAg positive 102/12
HBeAg negative 49/5

BeAg lossa

Overall, n/N (%) 32/12
By HBV genotype, n/Nb (%)

A 11/3
B 8/2
C 4/3
D 6/3
Otherc 3/

By baseline ALT, n/Nd (%)
�2 times ULN 6/4
2–5 times ULN 21/6
�5 times ULN 5/1

HBeAg seroconversiona

Overall, n/N (%) 28/12
By HBV genotype, n/Nb (%)

A 7/3
B 8/2
C 4/3
D 6/3
Otherc 3/

By baseline ALT, n/Nd (%)
�2 times ULN 6/4
2–5 times ULN 18/6
�5 times ULN 4/1

HBsAg loss, n/N (%)
Overall 4/18
HBeAg positive 4/12
HBeAg negative 0/

BsAg seroconversion, n/N (%)
Overall 1/18
HBeAg positive 1/12
HBeAg negative 0/

OTE. Patients who discontinued study medication before week 96 w
aAmong those HBeAg positive at baseline.
bN � total number of patients per HBV genotype; patients with missin
cHBV genotype E, F, mixed, or indeterminate.
dN � total number of patients per baseline ALT category.
ent follow-up, all of which occurred in the combination a
herapy arm. The investigator-assigned causes of death
ere bile duct tumor (1), cardiac arrest likely due to an
cute myocardial infarction (1), and liver failure (1). The
atient who died from liver failure was a 70-year-old,
BeAg-positive, Asian woman randomized to the ETV
lus TDF arm. She had a �5-log10 decrease in HBV DNA

evel by week 24 to a nadir of 1.8 log10 IU/mL and
experienced breakthrough at week 48. The patient re-
mained on ETV plus TDF treatment, with a normal ALT
level and an HBV DNA level 7.48 log10 IU/mL at week 100.

t week 100, the patient continued treatment with com-
ercial ETV and TDF. Five days later, the patient was

ospitalized for fatigue and jaundice and died 1 week

eks 48 and 96

ETV (n � 182) ETV � TDF (n � 197)

Week 96 Week 48 Week 96

.10) �5.77 (0.11) �5.99 (0.10) �5.96 (0.12)

.10) �6.30 (0.10) �6.57 (0.08) �6.62 (0.10)

.16) �4.61 (0.17) �4.66 (0.16) �4.58 (0.17)

3.0) 149/182 (81.9) 143/197 (72.6) 136/197 (69.0)
1.0) 103/126 (81.7) 97/138 (70.3) 89/138 (64.5)
7.5) 46/56 (82.1) 46/59 (78.0) 47/59 (79.7)

5.4) 49/126 (38.9) 27/138 (19.6) 41/138 (29.7)

6.7) 16/30 (53.3) 5/33 (15.2) 11/33 (33.3)
3.3) 9/24 (37.5) 5/22 (22.7) 6/22 (27.3)
3.3) 3/30 (10.0) 9/44 (20.5) 14/44 (31.8)
0.0) 13/30 (43.3) 3/28 (10.7) 6/28 (21.4)
7.5) 7/8 (87.5) 5/11 (45.5) 4/11 (36.4)

2.8) 14/47 (29.8) 5/52 (9.6) 11/52 (21.2)
2.8) 29/64 (45.3) 11/61 (18.0) 18/61 (29.5)
3.3) 6/15 (40.0) 11/25 (44.0) 12/25 (48.0)

2.2) 41/126 (32.5) 25/138 (18.1) 30/138 (21.7)

3.3) 11/30 (36.7) 5/33 (15.2) 7/33 (21.2)
3.3) 9/24 (37.5) 5/22 (22.7) 6/22 (27.3)
3.3) 3/30 (10.0) 8/44 (18.2) 9/44 (20.5)
0.0) 11/30 (36.7) 2/28 (7.1) 4/28 (14.3)
7.5) 6/8 (75) 5/11 (45.5) 4/11 (36.4)

2.8) 12/47 (25.5) 4/52 (7.7) 6/52 (11.5)
8.1) 24/64 (37.5) 11/61 (18.0) 15/61 (24.6)
6.7) 5/15 (33.3) 10/25 (40.0) 9/25 (36.0)

.2) 5/182 (2.7) 2/197 (1.0) 7/197(3.6)

.2) 5/126 (4.0) 2/138 (1.4) 7/138 (5.1)
0/56 0/59 0/59

.5) 2/182 (1.1) 1/197 (0.5) 4/197 (2.0)

.8) 2/126 (1.6) 1/138 (0.7) 4/138 (2.9)
0/56 0/59 0/59

considered treatment failures (NC�F; intention-to-treat population).

BV genotype result were not included.
We
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line, week 48, and week 96 did not show any amino acid
substitutions associated with ETV or TDF resistance.

Discussion

In this study, which included a mixed population
of NA-naïve HBeAg-positive and HBeAg-negative patients
with compensated CHB, the antiviral efficacy of ETV
monotherapy was comparable to that of ETV plus TDF.
At week 96, combined treatment with ETV plus TDF did
not result in a higher proportion of patients with an HBV
DNA level �50 IU/mL, ALT normalization, HBeAg loss,
or HBeAg seroconversion compared with ETV mono-
therapy. When the responses of HBeAg-positive and
HBeAg-negative patients were analyzed separately, treat-
ment with ETV plus TDF in HBeAg-positive patients
resulted in a higher proportion (P � .046) achieving an
HBV DNA level �50 IU/mL and a greater reduction from
baseline in mean serum HBV DNA level at week 96.
However, the superiority of combination therapy was ob-
served only in HBeAg-positive patients with a baseline
HBV DNA level �108 IU/mL, not in those with a baseline

BV DNA level �108 IU/mL. Previous studies have shown
that even with potent agents such as ETV and TDF, it

Figure 3. Mean HBV DNA lev-
els through week 96, (A) overall
and (B) in HBeAg-positive pa-
tients. Indicated are the mean
changes from baseline at weeks
24, 48, and 96 for each treat-
ment and the P values for the
difference in mean change from
baseline at week 96 between
treatments.
takes longer for patients starting from high levels of
viremia to achieve undetectable HBV DNA. A recent mul-
ticenter European study estimated that the probability of
achieving undetectable HBV DNA after 96 weeks of ther-
apy with TDF was 63% among patients starting from a
baseline viral load of �108 IU/mL, compared with 99% for
those starting from a baseline viral load of �105 IU/mL.24

The current study suggests that ETV combined with
TDF may provide an incremental benefit in suppressing
HBV replication among patients with a high baseline
viral load but not in those with a low baseline viral
load. Whether this difference is clinically relevant is
unclear, but it is possible that a more rapid decline in
HBV DNA replication may be important in patients
who will be starting immunosuppressive therapy if
their viral load is very high. A more rapid suppression
of viral replication may also reduce the incidence of
drug resistance. This has been shown in previous stud-
ies of lamivudine, telbivudine, and adefovir dipivoxil,
which are NAs with a low genetic barrier to resis-
tance.25–27 In this study, low frequencies of virologic
breakthrough were observed in both treatment arms
throughout the study, with no evidence of HBV resis-
tance development to ETV or TDF, suggesting that the

few cases of virologic breakthrough may have been due
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to nonadherence. The resistance rates observed in this
study are consistent with those from previous studies
with 96 weeks of ETV or TDF monotherapy.9,14,28

Combination therapy provided a benefit in a subset of
HBeAg-positive patients over 96 weeks of therapy. How-
ever, long-term studies of ETV and TDF monotherapy
showed that the vast majority of patients, even those with
an initial partial virologic response, eventually achieved
undetectable HBV DNA with a very low rate of resistance
development.8,12,13,16,17,29,30 Extension of the phase 3 trial
of ETV (ETV 0.5 mg for 2 years in phase 3 studies,
followed by up to 3 years of ETV 1.0 mg in a rollover
study) showed that 94% of HBeAg-positive patients, with
a baseline viral load of approximately 1010 IU/mL,

chieved an HBV DNA level �300 copies/mL (�60 IU/
L) over 5 years,8 and resistance to ETV was documented

in only 1.2% of treated patients.17 In another study of
TV, 76.5% of patients with a baseline HBV DNA level
8 log10 copies/mL (�7.3 log10 IU/mL) achieved an
BV DNA level �60 copies/mL (12 IU/mL) over 3 years

f continuous ETV treatment (0.5 mg), with no evi-
ence of resistance among those with detectable HBV
NA at week 24.30 Likewise, continued treatment with

TDF for up to 5 years resulted in 96%–99% of patients
achieving undetectable serum HBV DNA, with no evi-
dence of TDF resistance, although in the 51 patients
with detectable HBV DNA at week 72, emtricitabine
could be added to TDF, and 38 (75%) of the eligible

Table 3. Cumulative Safety Through Week 96

No. of patients (%)

ETV
(n � 182)

ETV � TDF
(n � 197)

All adverse events 132 (72.5) 131 (66.5)
Serious adverse events 12 (6.6) 14 (7.1)

Injury, poisoning, and procedural
complications

0 4 (2.0)

Infections and infestations 0 3 (1.5)
Gastrointestinal disorders 2 (1.1) 2 (1.0)
Neoplasms 3 (1.6)a 2 (1.0)b

Nervous system disorders 4 (2.2) 0
Miscellaneous causes 5 (2.7) 3 (1.5)

Discontinuation due to adverse event 2 (1.1) 5 (2.5)
ALT flaresc

On treatment 1 (0.5) 2 (1.0)
Off treatment 0 0

ncrease in creatinine by �0.3 mg/dL 6 (3.3) 4 (2.0)
ncrease in creatinine by �0.5 mg/dL 3 (1.6) 0
alignanciesd 4 (2.2)e 1 (0.5)f

Deathsd 0 3

NOTE. All events are on treatment unless stated otherwise. Deaths are
reported for enrolled patients, and other parameters are reported for
treated patients.
a2 hepatocellular carcinoma, 1 gastric cancer.
b1 breast cancer, 1 bile duct tumor.
cALT level �2 times baseline and �10 times ULN.
dOn-treatment and during postdosing follow-up.
e3 hepatocellular carcinoma, 1 gastric cancer.
fBreast cancer.
patients chose to do so.12,13,15,18
In the subset of HBeAg-negative patients, both regi-
mens showed comparable antiviral efficacy over 96 weeks
of therapy. The difference in treatment outcome between
HBeAg-negative and HBeAg-positive patients may be due
to the lower viral load at baseline in HBeAg-negative
patients (6.09 vs 8.15 log10 IU/mL).

Although combination therapy achieved higher rates of
iral suppression in HBeAg-positive patients, it did not
esult in higher rates of HBeAg loss, HBeAg seroconver-
ion, or ALT normalization. Similar observations have
een made previously, showing that NAs with more po-
ent viral suppression do not necessarily lead to higher
ates of HBeAg seroconversion. For example, despite hav-
ng superior antiviral efficacies, entecavir and tenofovir do
ot lead to higher rates of HBeAg seroconversion than

amivudine or adefovir.9,11,31 Similarly, the combination
f pegylated interferon and lamivudine results in a higher
ate of virologic suppression, but not HBeAg loss or
BeAg seroconversion, than pegylated interferon alone.32

The higher rate of ALT normalization with ETV alone
may be due to the lower dropout rate in the monotherapy
arm than in the combination therapy arm (7% vs 12%);
however, the difference in the dropout rate was not sta-
tistically significant, and the difference in ALT normaliza-
tion between the 2 treatment groups persisted when the
analysis was limited to patients who remained in the
study at week 96 (NC�M analysis; Supplementary Table
1). The reason for a higher rate of ALT normalization in
the ETV monotherapy arm despite less marked viral sup-
pression is unclear. One possible explanation may be
related to lower baseline ALT levels in that group (127 vs
158 U/L). In that respect, the comparable rates of HBeAg
seroconversion in both treatment arms were unexpected
because previous studies of interferon and NA treatment
showed that higher pretreatment ALT level was associated
with a higher rate of HBeAg seroconversion.33,34 Post hoc
analyses of the current study also showed higher rates of
HBeAg loss and HBeAg seroconversion in subgroups with
higher baseline ALT levels; however, higher rates of
HBeAg loss and HBeAg seroconversion were observed
with ETV monotherapy compared with combination ther-
apy even after stratification by baseline ALT level.

Rates of HBsAg loss and HBsAg seroconversion were
low and comparable in both treatment groups. The sero-
logic responses for both HBeAg and HBsAg that were
observed in the ETV monotherapy arm of this study are
consistent with previously reported serologic responses
after 96 weeks of ETV treatment9 and comparable to
those reported for 144 weeks of TDF treatment.14

Both treatments were generally well tolerated and had
comparable safety profiles. On-treatment ALT flares were
infrequent and were associated in all cases with a decrease
in HBV DNA level and subsequent HBeAg seroconversion.
No apparent differences in serum creatinine elevations
were detected between the 2 arms. Thus, through 96
weeks of therapy, the combination of ETV and TDF was
not associated with increased risks of renal impairment or

other adverse events. During the study, 5 malignancies
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were diagnosed; of these, 3 were HCC. The 3 patients with
HCC were diagnosed between 261 and 736 days after
treatment initiation. All 3 patients had undetectable HBV
DNA before diagnosis of HCC. HCC is a known compli-
cation of CHB, and it is possible that the tumors were
present before the start of treatment.35 Three deaths were
eported throughout the duration of the study. Of these,
ne death was due to liver failure. Although this patient
ad virologic breakthrough and a probable acute hepatitis
are, resistance to ETV or TDF was not detected, suggest-

ng that continued viremia may have been due to nonad-
erence.
One limitation of this study is the absence of a TDF
onotherapy arm. However, in phase 3 studies of TDF,

reatment over 2 years resulted in approximately 75% of
BeAg-positive patients and 90% of HBeAg-negative pa-

ients achieving an HBV DNA level �400 copies/mL,14

which is comparable to the results observed with the
combined therapy or ETV monotherapy in this study.
Furthermore, the study is limited by the short duration of
treatment; studies with a treatment duration of more
than 2 years would be needed to assess the resistance rate
and safety profile of the combination therapy during
long-term use.36

In conclusion, this study shows that over 96 weeks of
treatment, the antiviral efficacy of ETV monotherapy is
similar to that of ETV plus TDF combination therapy in
a mixed population of NA-naïve patients with CHB. Com-
bination therapy was more effective than monotherapy in
HBeAg-positive patients (P � .046), but this outcome was
only observed in patients with a baseline HBV DNA level
�108 IU/mL. The safety profiles of the 2 treatments were
comparable, with no evidence of increased renal or other
toxicities with combination therapy. Frequencies of viro-
logic breakthrough were comparable between both arms,
and no resistance to either drug was observed. Evaluation
of the combination of ETV plus TDF beyond 96 weeks is
necessary to confirm its safety and efficacy during long-
term use.

Supplementary Material

Note: To access the supplementary material
accompanying this article, visit the online version of
Gastroenterology at www.gastrojournal.org, and at http://
dx.doi.org/10.1053/j.gastro.2012.05.037.
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Supplementary Table 1. Virologic, Biochemical, and Serologi

ETV

Week 48

BV DNA �50 IU/mL, n/N (%)
Overall 128/176 (72.7)
HBeAg positive 77/120 (64.2)
HBeAg negative 51/56 (91.1)

LT normalization, n/N (%)
Overall 151/176 (85.8)
HBeAg positive 102/120 (85.0)
HBeAg negative 49/56 (87.5)

BeAg loss, n/N (%)a 32/119 (26.9)
HBeAg seroconversion n/N (%)a 28/119 (23.5)
HBsAg loss, n/N (%)

Overall 4/175 (2.3)
HBeAg positive 4/119 (3.4)
HBeAg negative 0/56

HBsAg seroconversion, n/N (%)
Overall 1/175 (0.6)
HBeAg positive 1/119 (0.8)
HBeAg negative 0/56

NOTE. Patients who discontinued study medication before week 96 w
aAmong those HBeAg positive at baseline.
c Responses at Weeks 48 and 96

ETV � TDF

Week 96 Week 48 Week 96

139/165 (84.2) 158/180 (87.8) 164/170 (96.5)
88/113 (77.9) 103/125 (82.4) 111/115 (96.5)
51/52 (98.1) 55/55 (100.0) 53/55 (96.4)

149/168 (88.7) 143/183 (78.1) 136/173 (78.6)
103/115 (89.6) 97/126 (77.0) 89/117 (76.1)

46/53 (86.8) 46/57 (80.7) 47/56 (83.9)
49/113 (43.4) 27/127 (21.3) 41/113 (35.3)
41/113 (36.3) 25/127 (19.7) 30/116 (25.9)

5/166 (3.0) 2/182 (1.1) 7/171 (4.1)
5/114 (4.4) 2/126 (1.6) 7/116 (6.0)

0/52 0/56 0/55

2/166 (1.2) 1/182 (0.5) 4/171 (2.3)
2/114 (1.8) 1/126 (0.8) 4/116 (3.4)

0/52 0/56 0/55

ere not counted as evaluable (NC�M).
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