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ABSTRACT
Objectives: The long-term goal for chronic hepatitis B
patients is to maintain viral suppression in order to
reduce disease progression risk. Because patients with
previous treatment failure may have multiple viral
resistance mutations, finding effective therapy is
challenging. Because recent studies have shown that
the combination of entecavir and tenofovir is effective
in achieving virological response in many patients with
prior treatment failure and multiple drug resistance
mutations, we compared outcomes with this
combination versus monotherapy.
Methods: With a retrospective chart review we
compared results in 35 patients with previous treatment
failure treated with the entecavir-tenofovir combination to
results in patients treated with entecavir monotherapy.
Results: Although combination therapy resulted in
significantly faster achievement of DNA negativity
compared to entecavir monotherapy, the modest ten-
week advantage is unlikely to be important for most
patients since entecavir resistance develops extremely
slowly. Significantly more patients on combination
therapy experienced viral breakthroughs, most of which
were attributed to non-adherence due to difficulties with
the combination regimen.
Conclusions: Our findings of reasonably comparable
efficacy over time in the combination and monotherapy
arms combined with the increased costs and compliance
issues related to combination therapy weigh in favor of
entecavir monotherapy in patients with previous
treatment failure. However, because our study was a
retrospective analysis of a small patient population, it will
be important to confirm these findings with a
randomised, controlled trial that compares these
treatment approaches in treatment-experienced patients.

Although not all patients with chronic hepa-
titis B (CHB) suffer serious sequelae of
infection, 15–40% develop cirrhosis or hepa-
tocellular carcinoma (HCC),1 with the risk
increased by higher serum hepatitis B virus
(HBV) DNA and elevated alanine amino-
transferase (ALT) levels.2–5 The long-term

goal of antiviral therapy is to maintain viral
suppression and normal ALT, thus lowering
the risk of these complications.6–8 Owing to a
high relapse rate, the majority of patients
with CHB receive long-term antiviral therapy
to achieve continuous suppression of HBV
DNA replication and/or hepatitis B e
antigen (HBeAg) seroconversion (in patients
with wild-type virus), and ultimately hepatitis
B surface antigen (HBsAg) seroconversion.9

Of the five oral nucleos(t)ide analogues
currently approved for HBV treatment in the

Summary box

What is already known about this subject?

▸ Finding effective therapy for patients with
chronic hepatitis B virus (HBV) infection who
have had previous treatment failure, many of
whom have multiple viral resistance mutations,
is a challenge.

▸ Several recent studies have shown that combin-
ation therapy with entecavir (ETV) and tenofovir
(TDF) is effective in achieving virological
response in the majority of patients with prior
treatment failure and multiple drug resistance
mutations.

▸ Studies comparing TDF monotherapy to com-
bination therapy with ETV and TDF in patients
with resistance mutations have had mixed
results, with two studies reporting that combin-
ation therapy was superior to TDF monotherapy,
and one reporting that results with TDF mono-
therapy were comparable to those seen with
ETV-TDF combination therapy.

▸ Although one study has compared ETV mono-
therapy to ETV-TDF combination therapy only in
ETV partial responders, finding that combination
therapy was superior, no study has yet com-
pared ETV monotherapy to ETV-TDF combin-
ation therapy in CHB patients with previous
treatment failure to a variety of nucleos(t)ide
analogues.
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USA, tenofovir disoproxil fumarate (TDF) and entecavir
(ETV) are currently the first-line therapies because of
high potency, good efficacy and high genetic or func-
tional barriers to resistance. In treatment-naïve patients,
ETV resistance was seen in ∼1% after 5 years of
therapy;10 11 no TDF resistance mutations have been
clearly identified in the treatment-naïve through up to
240 weeks of treatment although there may be phenotypic
resistance to treatment when adefovir dipivoxil (ADV)
resistance mutations are present.12–15 However, the greater
challenge is finding effective therapy for patients with pre-
vious treatment failure, many of whom have multiple viral
resistance mutations. ETV monotherapy is effective in
patients with ADV resistance,16 17 and in some patients
with lamivudine (LAM) resistance.18 In 77 LAM-refractory
patients (85% with documented LAM resistance muta-
tions), it was shown that in the second year of ETV treat-
ment, 40% achieved HBV DNA <300 copies/mL.18

A large-scale retrospective study showed that TDF efficacy
was not influenced by the presence of mutations asso-
ciated with LAM resistance, but was diminished in patients
with ADV resistance (100% vs 52% probability of HBV
DNA <400 copies/mL, respectively).15

The results from such studies combined with these
drugs’ known high barriers to resistance led to a consid-
eration that ETV–TDF combination therapy might have
synergistic or additive antiviral effects that would create

an effective regimen for patients with nucleos(t)ide ana-
logue resistance mutations, previous treatment failure
and/or inadequate viral suppression with monotherapy.
Studies have now shown complete viral response in
patients with CHB treated with ETV plus TDF in 80%,19

86%20 and 89%21 of patients with multiple resistance
mutations, and 85%22 of patients with prior treatment
failure. Studies have compared TDF monotherapy to
combination therapy with ETV and TDF in patients with
resistance mutations, with two studies finding combin-
ation therapy to be superior to TDF monotherapy,23 24

and one reporting similar results.25 A study of previously
treatment-naïve patients who were only partial respon-
ders to ETV (with detectable HBV DNA after
≥12 months on ETV) found that more patients switched
to ETV–TDF combination treatment achieved complete
viral suppression compared with those who continued
ETV monotherapy.26 However, to date, there are no
studies comparing ETV monotherapy with combination
therapy with ETV–TDF in patients with previous treat-
ment failure and resistance.
Consideration of combination therapy requires taking

into account possible undesirable aspects, including
potentially higher rates of side effects, higher treatment
costs, lower adherence rates due to pill number or
regimen complexity, reduced efficacy due to drug com-
petition, and creation of multidrug-resistant HBV if the
combination is insufficient to prevent resistance.27 We
performed a retrospective chart analysis in order to
compare the outcomes, including viral suppression and
adverse events, in patients with treatment failure and
resistance to many different nucleos(t)ide analogues
treated with ETV–TDF combination therapy versus ETV
monotherapy in matched patients.

METHODS
Study population
A retrospective chart review evaluated 35 patients with pre-
vious treatment failure who were treated with ETV–TDF
combination therapy for a minimum of 6 months.
Complete patient demographics are shown in table 1.
Patients with CHB were defined as having previous treat-
ment failure if while taking any oral nucleos(t)ide they
exhibited persistent HBV DNA positivity or presented evi-
dence of viral breakthrough, with or without evidence of
resistance mutations. Persistent HBV DNA positivity was
defined as a flat virological response (less than 1 log reduc-
tion over 3 months) or continuing DNA positivity after
2 years on oral therapy. Viral breakthrough was defined as
viral rebound, 1 log greater than nadir, or 1 log greater
than the lower limit of quantification, while being compli-
ant with therapy. Patients were matched by gender and
age (±10 years) to 35 patients on ETV monotherapy who
had also been on treatment for a minimum of 6 months
prior to enrolment. Sixteen of these patients were
HBV treatment-naïve, while 19 had been switched to
ETV monotherapy from alternative combinations or

Summary box

What are the new findings?
▸ Patients with previous treatment failure treated with ETV–TDF

combination therapy achieved DNA negativity significantly
faster than patients treated with ETV monotherapy; however,
the modest 10-week advantage is unlikely to be important for
most patients, since resistance to ETV develops extremely
slowly.

▸ Significantly more patients on combination therapy experi-
enced viral breakthroughs, most of which were attributed to
non-adherence due to difficulties with the combination
regimen.

▸ Our findings of reasonably comparable efficacy over time in
the ETV–TDF combination and ETV monotherapy arms com-
bined with the increased costs and compliance issues related
to combination therapy weigh in favour of ETV monotherapy
in patients with previous treatment failure.

How might our findings impact clinical practice in the
foreseeable future?
▸ Our finding that the combination of ETV–TDF appears compar-

able with ETV monotherapy in patients with previous treatment
failure, combined with the higher cost of the combination and
the fact that it may lead to more adverse effects and non-
compliance, may lead clinicians to consider ETV monotherapy
in these patients. However, because our study was a retro-
spective analysis of a small patient population, it will be
important to confirm these findings with a randomised, con-
trolled trial that compares these treatment approaches in
treatment-experienced patients.
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monotherapies (table 2) due to non-response; only 3
(8.6%) had documented drug resistance; the only resist-
ance identified was to lamivudine; lamivudine resistance
was defined as detection of the M204 mutation. This ETV
treatment arm was used to compare safety and efficacy
profiles of monotherapy versus combination therapy in
terms of incidence of adverse events and time to HBV
DNA negativity. Patients with a history of organ transplan-
tation, with any other diagnosed concurrent liver disease,
and/or with HIV, hepatitis C virus, hepatitis delta virus, or
hepatitis E virus coinfection were excluded. Patients were

also excluded if they were younger than 18 years of age
and/or if they had an undetectable viral load at baseline.
Patients were followed for up to approximately

18 months after the initiation of combination therapy.
For patients without an 18-month follow-up date, the
next closest HBV DNA lab value, within 1 year of what
would be their 18-month follow-up, was used. Eight
patients in the combination therapy arm and 10 patients
in the ETV monotherapy arm were lost to follow-up
prior to 18 months. HBV DNA was measured using real-
time PCR (COBAS AmpliPrep/COBAS TaqMan HBV

Table 1 Patient demographics

Outcome

Group

p ValueETV Only ETV/TDF

Sex

Female 13 (37%) 13 (37%) 1.000†

Male 22 (63%) 22 (63%)

Age

Mean (SD) 49.6 (13.8) 50.3 (13.3) 0.821‡

Race

API 26 (74%) 27 (77%) 0.821†

Black 1 (3%) 2 (6%)

Caucasian 8 (23%) 6 (17%)

Baseline HBV DNA

Median (range) 583 670 (417–5×108) 6510 (396–2×107) <0.001***§

HBV genotype

A 4 (11%) 5 (14%) 0.124†

B 7 (20%) 6 (17%)

C 11 (32%) 20 (57%)

D 4 (11%) 1 (3%)

E 1 (3%) 1 (3%)

Unknown 8 (23%) 2 (6%)

HBeAg status

Negative 21 (60%) 10 (29%) 0.015*†

Positive 14 (40%) 25 (71%)

Seroconversion

Negative 33 (94%) 33 (94%) 1.000†

Positive 2 (6%) 2 (6%)

Diabetes

Negative 31 (89%) 30 (86%) 1.000†

Positive 4 (11%) 5 (14%)

Cirrhosis

Negative 5 11 0.237†

Positive 11 9

Unknown 19 15

Previous ADV

Negative 21 15 0.232†

Exposure

Positive 14 20

Previous LAM

Negative 32 28 0.306†

Resistance

Positive 3 7

Significance codes: *0.05, **0.01, ***0.001.
†Fisher’s exact test.
‡Student t test.
§Mann–Whitney U test.
ADV, adefovir dipivoxil; ETV, entecavir; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen; LAM; lamuvidine; TDF, tenofovir disoproxil
fumarate.
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Test, V.2.0, Roche, Basel, Switzerland). For our analysis,
we used baseline HBV DNA levels taken either at the ini-
tiation of combination therapy or ETV monotherapy, or
at the closest date before initiation of treatment. All sub-
sequent HBV DNA levels available in each patient’s
chart were also recorded. When HBV DNA laboratory
values were measured in ‘copies,’ a conversion factor of
0.179 was used to convert to IU/mL. HBV drug resist-
ance mutations reported were determined using either
Inno-LiPA or direct sequencing assays.

Statistical analyses
Continuous data are summarised as means with SD, or
median with range. Categorical data are summarised as
frequency and percentages. Continuous data are com-
pared between groups using the Student t test or the
Mann-Whitney test. Categorical variables were analysed

using Fisher’s exact test. Time until first detection of
DNA negativity was compared between groups using the
log-rank test. Cox proportional hazard model was used
to adjust for covariates that are not balanced between
the two groups, or of interest otherwise. A p value of
<0.05 was considered to be statistically significant for all
tests. Analyses were performed using the open source
statistical programming language R.

RESULTS
Patient characteristics
Twenty-two men and 13 women were enrolled in each
arm of this study. The mean age of patients in the
ETV–TDF combination therapy arm was 50.3 years
(range 26.7–75.2 years old), and of patients in the ETV
monotherapy arm 49.6 years (range 20.8–75.1 years).
Previous treatment profiles for patients in both arms are
summarised in table 2.

Efficacy analysis
ETV only versus ETV–TDF combination arms
The difference in the distribution of time to first detec-
tion of DNA negativity between patients in the ETV-only
group (median 27 weeks) and the ETV–TDF combin-
ation group (median 18 weeks) was found to be signifi-
cantly different (p=0.049, log-rank test), as shown in
figure 1. When controlling for baseline HBV DNA level,
HBeAg status and prior exposure to ADV in a Cox pro-
portional hazards model, the difference between the
ETV-only group and the ETV–TDF combination group
remained significant (p=0.004, table 3). HBeAg-positive

Table 2 Patient treatment histories and documented drug

resistance mutation testing results

ETV–TDF

combination arm ETV monotherapy arm

Previous

treatment

profile Patients, n

Previous

treatment

profile Patients, n

LAM, ADV,

ETV

9 Naive 16

LAM, ETV 7 ADV Mono 6

ETV Mono 5 LAM, ADV 4

LAM, ADV 4 LAM, ADV,

INF

3

LAM, ADV, INF 3 LAM Mono 2

1 LAM, FAM 1

LAM, ADV,

FAM

1 LAM, INF 1

LAM, ADV,

ETV, TBD

1 LAM, ADV,

TDF, INF

1

LAM, ETV, INF 1 TBD Mono 1

ETV, INF 1

ETV, ADV 1

ADV, FTC 1

Mutation

ETV–TDF

combination arm

ETV

monotherapy arm

80 1 0

81 2 0

173 1 0

180 13 2

181 4 0

204 7 3

236 6 0

1762 10 6

BCP 11 8

Precore 7 13

ADV, adevofir dipivoxil; BCP, basal core promoter; ETV, entecavir;
FAM, famciclovir; FTC, emtricitabine; INF, interferon; LAM,
lamuvidine; Mono, monotherapy; TBD, telbuvidine; TDF, tenofovir
disoproxil fumarate.

Figure 1 Kaplan–Meier estimates of time until first detection

of HBV DNA negativity. Hash marks indicating censored

values. The distribution of days until first detection of HBV

DNA negativity was found to be significantly different between

patients in the ETV only and ETV–TDF combination group,

via the log-rank test (p=0.049). (ETV, entecavir; HBV,

hepatitis B virus; TDF, tenofovir disoproxil fumarate)
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patients were shown to take significantly longer to
achieve HBV DNA negativity compared with HBeAg-
negative patients (p<0.001). There were two and six par-
ticipants with censored time to HBV DNA negativity in
the ETV–TDF and ETV-only groups, respectively.

ETV–TDF combination arm
The median baseline HBV DNA level for the ETV–TDF
combination therapy arm was 6510 IU/mL with a range
from 396 to 2×107 IU/mL. Times until first detection
of HBV DNA negativity in this arm are presented in
figure 1. Median time to DNA negativity was 18 weeks
(range 3–110+ weeks). Among the patients treated with
ETV–TDF, the difference in the distribution of days until
first detection of DNA negativity in patients with previ-
ous resistance to LAM (median time 16 weeks, n=7) and
without LAM resistance (median time 19 weeks, n=28)
was not statistically significant (p=0.392 via log-rank
test). The difference in the distribution of days until first
detection of DNA negativity was also found not to be
statistically significant between patients with previous
exposure to ADV (median time 24 weeks, n=15) and
without previous exposure to ADV (17 weeks, n=20,
p=0.540 via log-rank test).
Six patients had their TDF doses reduced and three

patients had their ETV doses reduced due to adverse
events or changes in renal function. Of the 25
HBeAg-positive patients, 2 achieved HBeAg seroconver-
sion while on therapy (one at 24 weeks and one at
46 weeks). Seven patients experienced viral break-
through while on combination therapy; 6 of these
patients experienced viral breakthrough attributed to
non-compliance; after becoming compliant, 5 of these
patients achieved undetectable levels of HBV DNA by
the end of follow-up.
One patient experienced breakthrough at 16 months

after their TDF dose was decreased from 300 mg daily to
300 mg every other day due to a serum creatinine
increase of 0.3; after normalisation of the creatinine,
they were returned to the full dose of 300 mg daily
which resulted in a return to HBV DNA negativity by
their next follow-up appointment (29 months).

ETV monotherapy arm
Median baseline HBV DNA level was 5.8×105 IU/mL
(range 417–>5×108 IU/mL). Times until first detection
of HBV DNA negativity in this arm are presented in

figure 1. Median time to HBV DNA negativity was
27 weeks (range 2–83 weeks). The difference in the dis-
tribution of time to first detection of HBV DNA negativ-
ity in patients with and without documented lamivudine
resistance (median time 33 weeks in 3 patients vs
23 weeks in 32 patients, respectively) was not statistically
significant (p=0.669 via log-rank test). The difference in
the distribution of days until first detection of DNA
negativity was also found not to be statistically significant
between patients with previous exposure to ADV
(median time 33 weeks, n=15) and without previous
exposure to ADV (24 weeks, n=20, p=0.462 via log-rank
test). Two additional patients (3 in total) experienced
viral breakthrough while on ETV monotherapy. Both
these patients did achieve undetectable levels of HBV
DNA (at 2.5 and 14 months of therapy, respectively).
One of these patients experienced a minor break-
through at their final follow-up and ended the study
with a viral load of 36 IU/mL. The other experienced a
4-log breakthrough at 5 months, most likely due to non-
compliance, and was HBV DNA negative less than a
month later. Of the three patients that experienced
breakthrough on treatment, one was nucleos(t)ide-naive
and two were exposed to ADV prior to treatment with
ETV but without documented resistance.

Safety analysis
ETV–TDF combination arm
Six patients had their TDF doses reduced. One patient
had their dose decreased due to flatulence; three due to
renal events; one due to a pre-existing renal condition
with a subsequent dose increase after glomerular filtra-
tion rate (GFR) stabilisation; and one after achieving an
undetectable HBV viral load. Six patients had changes
in their ETV dosing on treatment. Three patients had
their doses increased from 0.5 to 1 mg daily by their pro-
vider in order to potentially enhance their treatment
response. Based on provider discretion, two patients had
their dose reduced once they achieved undetectable
HBV DNA levels. One patient was changed from ETV–
TDF combination therapy to TDF monotherapy after
becoming HBV DNA negative, but was promptly
restarted on ETV when TDF monotherapy resulted in
viral breakthrough.
One patient developed a rash after initiation of ETV–

TDF combination therapy, but it was unclear if this was
medication related since the rash resolved on treatment.

Table 3 Output for the Cox proportional hazard model for time until the first detection of DNA negativity

β exp(β) SE(β) Z p(>|Z|)

ETV only −0.925 0.397 0.318 −2.909 0.004**

Baseline HBV DNA −9.4×10−9 1.000 5.3×10−9 −1.784 0.074

HBeAg+ −1.379 0.252 0.300 −4.593 <0.001***

ADV exposure −0.173 0.841 0.271 −0.638 0.524

Significance codes: *0.05, **0.01, ***0.001.
ADV, adevofir dipivoxil; ETV, entecavir; HBV, hepatitis B virus; HBeAg, hepatitis B e antigen.
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One patient experienced right flank pain, headaches
and blurry vision which may be attributed to therapy;
however, no dose change was recommended. There
were no incidences of lactic acidosis or other serious
adverse effects reported.

ETV monotherapy arm
One patient had a dose change while on therapy. This
patient started therapy at 0.25 mg daily due to a pretreat-
ment renal condition and, for financial reasons, briefly
went off therapy. When this resulted in viral relapse, the
provider increased the dosage to 0.5 mg daily. Only one
patient in the ETV monotherapy arm reported an
adverse event, a mild rash which may or may not have
been attributed to ETV. ETV was not associated with
increases in serum creatinine. No cases of lactic acidosis
or other serious adverse effects were reported. Table 4
details medication dose adjustments.

DISCUSSION
Our study showed that combination therapy with ETV
and TDF in patients with previous treatment failure who
had few or no mutations resulted in significantly faster

achievement of DNA negativity compared with ETV
monotherapy. With antivirals in which resistance devel-
ops quickly in the setting of incomplete viral suppres-
sion, this could be important. However, although the
difference in the time to reach HBV undetectability was
significant, the 10-week advantage seen with the combin-
ation therapy arm is unlikely to be of importance for
most patients since resistance develops extremely slowly
with ETV. Although the faster achievement of negativity
might theoretically be considered more important in
patients with lamivudine resistance, since in patients
without such resistance the development of resistance to
ETV is very unlikely, in our comparison, the difference
in the distribution of time to first detection of HBV
DNA negativity was not statistically significant in patients
with and without documented lamivudine resistance in
either the combination therapy group or the ETV
monotherapy group. However, our analysis of the effect
of lamivudine resistance may be underpowered, as there
were only seven and three individuals with documented
lamivudine resistance in the ETV–TDF and ETV-only
groups, respectively, and the follow-up was short; thus,
we cannot confirm the efficacy of ETV monotherapy in
patients with lamivudine resistance.

Table 4 Dose changes on treatment for ETV–TDF combination therapy and ETV monotherapy arms

Patient

Current

TDF dose

TDF dose

changes

Current

ETV dose

ETV dose

change? Reason for dose change

ETV–TDF combination therapy group

2 300 mg q5d 1 1 mg q5d Y TDF and ETV reduced after becoming HBV DNA

undetectable

4 300 mg qd 0 0.5 mg qd Y ETV increased to get a faster response and then

decreased once HBV DNA was undetectable

8 300 mg qod 1 1 mg qd Y TDF minimally decreased due to persistently

elevated serum creatinine

12 300 mg qod 1 1 mg qod N TDF decreased due to slight renal change; then

increased when stabilised

16 300 mg qd 0 1 mg qd Y ETV increased due to previous lamivudine exposure

and previous suboptimal entecavir monotherapy

response

18 300 mg qd 0 1 mg qd Y ETV dose increased to increase response and

decrease the rate of resistance

19 300 mg qd 1 1 mg qd N TDF decreased due to serum creatinine increase of

0.3. Later increased due to poor response

23 300 mg qd 0 0.5 mg qd N Started combination; then went off ETV with viral

rebound; went back on combination

28 300 mg qd 0 0.5 mg qd Y ETV dose reduced after becoming HBV DNA

undetectable

32 300 mg qd 1 1 mg qd N TDF decreased due to slight decrease in GFR

34 300 mg qd 1 0.5 mg qd N TDF decreased due to gassy symptoms. Later

increased due to poor response

Patient

Current

ETV dose

ETV dose

change? Reason for dose change

ETV monotherapy group

28 0.5 qd Y Increased from initial dose of 0.25 qd because of viral breakthrough

ETV, entecavir; GFR, glomerular filtration rate; HBV, hepatitis B virus; N, no; q5d, every fifth day; qd, daily; qod, every other day;
TDF, tenofovir disoproxil fumarate; Y, yes.
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Treatment adherence was shown to be an issue with
the combination therapy. Patients are told to take ETV
on an empty stomach, and TDF after a meal, making the
combination regimen potentially difficult and confusing
for some patients. Significantly more patients in the
combination arm experienced a viral breakthrough com-
pared to the ETV monotherapy arm (seven and three,
respectively); viral breakthrough in six of seven patients
in the ETV–TDF combination arm and in one of three
patients in the ETV monotherapy arm were attributed to
non-adherence, as endorsed by the patients to their
treating physicians; most of them achieved virological
response once they became compliant with the medica-
tions. Non-compliance leading to viral breakthrough in
the short term and to drug resistance in the long term
can result in difficult-to-treat chronic HBV and in pro-
gressive disease and its related complications. Thus,
monotherapy with ETV (as suggested by our results), or
monotherapy with TDF as suggested by the study by Lim
et al,28 could be considered as an alternative to a multi-
drug regimen. Treatment costs were, obviously, higher in
the combination therapy arm with an estimated annual
cost of approximately US$2900 for ETV monotherapy
compared with approximately US$4700 for the ETV–
TDF combination. Despite the fact that no serious
adverse events occurred in either arm of this study,
seven patients in the combination arm compared with
one patient in the ETV monotherapy arm experienced
adverse events; four patients in the combination therapy
arm experienced small changes in creatinine and/or
GFR requiring dose modification but not therapy dis-
continuation (table 4); one patient in this arm experi-
enced gassy symptoms, one patient rash and one patient
right flank pain, blurry vision and headache. The only
adverse event reported in the ETV monotherapy arm
was a rash that did not require dose modification or dis-
continuation. In our study, there was no difference
between the ETV–TDF combination arm and the ETV
monotherapy arm in patients who were either non-
responders or partial responders to nucleos(t)ide ana-
logues, including some patients with genotypic resist-
ance to nucleoside or nucleotide medications. These
findings in combination with the increased costs and the
compliance issues that in some patients resulted in viral
breakthrough in the combination therapy arm weigh in
favour of the use of monotherapy with a first-line
therapy (currently, ETV or TDF) in patients with previ-
ous treatment failure, followed by a transition to combin-
ation therapy in patients who fail either ETV or TDF
monotherapy. However, because our study was a retro-
spective analysis of only a small patient population, it
will be important to confirm these findings with a
randomised, controlled trial that compares these treat-
ment approaches in treatment-experienced patients.

Author affiliations
1Department of Internal Medicine, Eden Medical Center, Castro Valley,
California, USA

2Biostatistics Unit, Clinical and Translational Research Institute, University of
California, San Diego, San Diego, California, USA
3Department of Mathematics, University of California, San Diego, San Diego,
California, USA
4Department of Family and Preventive Medicine, University of California, San
Diego, San Diego, California, USA
5Interventional Endoscopy Services, California Pacific Medical Center,
San Francisco, California, USA
6Ibrahim El-Hefni Liver Biorepository, Department of Transplantation,
California Pacific Medical Center, San Francisco, California, USA
7Liver Transplant Program, Stanford University Medical Center, Stanford,
California, USA
8Hepatitis B Foundation, Doylestown, Pennsylvania, USA
9St. Joseph’s Hospital and Medical Center, Phoenix, Arizona, USA
10University of Nevada, Las Vegas, Nevada, USA
11Robert G. Gish Consultants, LLC, San Diego, California, USA

Contributors SB made substantial contributions to the study concept and
research design; acquisition of the data; drafting of the manuscript; critical
revision of the manuscript for important intellectual content; approval of the
submitted and final versions. JP and RX made substantial contributions to
analysis and interpretation of the data; statistical analysis; critical revision of
the manuscript; approval of the submitted and final versions. SK and MC
made substantial contributions to acquisition of the data; drafting of the
manuscript; approval of the submitted and final versions. RG made
substantial contributions to the study concept and research design;
acquisition of the data; analysis and interpretation of the data; drafting of the
manuscript; critical revision of the manuscript for important intellectual
content; approval of the submitted and final versions.

Funding This project was supported by the California Pacific Research
Institute where the research was carried out. There was no grant support for
this project. Initial data analyses were undertaken only by authors. Writing
assistance was provided by Dr Lark Lands (self-employed medical editor) and
funded by RG Consultants, L.L.C.

Competing interests RG was on the advisory, scientific and speakers bureaus
for both Bristol-Myers Squibb and Gilead at the time of this study.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Bosch FX, Ribes J, Cleries R, et al. Epidemiology of hepatocellular

carcinoma. Clin Liver Dis 2005;9:191–211.
2. Chen CJ, Yang HI, Su J, et al. Risk of hepatocellular carcinoma

across a biological gradient of serum hepatitis B virus DNA level.
JAMA 2006;295:65–73.

3. Iloeje UH, Yang HI, Su J, et al. Predicting cirrhosis risk based on the
level of circulating hepatitis B viral load. Gastroenterology
2006;130:678–86.

4. Yu MW, Yeh SH, Chen PJ, et al. Hepatitis B virus genotype and
DNA level and hepatocellular carcinoma: a prospective study in
men. J Natl Cancer Inst 2005;97:265–72.

5. Ohata K, Hamasaki K, Toriyama K, et al. High viral load is a risk
factor for hepatocellular carcinoma in patients with chronic hepatitis
B virus infection. J Gastroenterol Hepatol 2004;19:670–5.

6. Di Marco V, Lo Iacono O, Camma C, et al. The long-term course of
chronic hepatitis B. Hepatology 1999;30:257–64.

7. Yuen MF, Yuan HJ, Wong DK, et al. Prognostic determinants for
chronic hepatitis B in Asians: therapeutic implications. Gut
2005;54:1610–14.

8. Keeffe EB, Dieterich DT, Han SH, et al. A treatment algorithm for the
management of chronic hepatitis B virus infection in the United
States: 2008 update. Clin Gastroenterol Hepatol 2008;6:1315–41;
quiz 1286.

Baqai S, Proudfoot J, Xu R, et al. BMJ Open Gastro 2015;2:e000030. doi:10.1136/bmjgast-2015-000030 7

Open Access
copyright.

 on A
pril 10, 2024 by guest. P

rotected by
http://bm

jopengastro.bm
j.com

/
B

M
J O

pen G
astroenterol: first published as 10.1136/bm

jgast-2015-000030 on 31 D
ecem

ber 2015. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1016/j.cld.2004.12.009
http://dx.doi.org/10.1001/jama.295.1.65
http://dx.doi.org/10.1053/j.gastro.2005.11.016
http://dx.doi.org/10.1093/jnci/dji043
http://dx.doi.org/10.1111/j.1440-1746.2004.03360.x
http://dx.doi.org/10.1002/hep.510300109
http://dx.doi.org/10.1136/gut.2005.065136
http://dx.doi.org/10.1016/j.cgh.2008.08.021
http://bmjopengastro.bmj.com/


9. Frenette CT, Gish RG. To “be” or not to “be”: that is the question.
Am J Gastroenterol 2009;104:1948–52.

10. Colonno RJ, Rose R, Baldick CJ, et al. Entecavir resistance is rare
in nucleoside naive patients with hepatitis B. Hepatology
2006;44:1656–65.

11. Perrillo RP. Current treatment of chronic hepatitis B: benefits and
limitations. Semin Liver Dis 2005;25(Suppl 1):20–8.

12. Marcellin P, Heathcote EJ, Buti M, et al. Tenofovir disoproxil
fumarate versus adefovir dipivoxil for chronic hepatitis B. N Engl J
Med 2008;359:2442–55.

13. Snow-Lampart A, Chappell B, Curtis M, et al. No resistance to
tenofovir disoproxil fumarate detected after up to 144 weeks of
therapy in patients monoinfected with chronic hepatitis B virus.
Hepatology 2011;53:763–73.

14. Gordon SC, Corsa A, Liu Y, et al. No detectable resistance to
tenofovir disoproxil fumarate (TDF) following up to 240 weeks of
treatment in patients with HBeAg+ and HBeAg− chronic hepatitis B
virus infection. 22nd Conference of the Asian Pacific Association for
the Study of the Liver (APASL). Taipei, Taiwan, 2012.

15. van Bommel F, de Man RA, Wedemeyer H, et al. Long-term efficacy
of tenofovir monotherapy for hepatitis B virus-monoinfected patients
after failure of nucleoside/nucleotide analogues. Hepatology
2010;51:73–80.

16. Sheen E, Trinh HN, Nguyen TT, et al. The efficacy of entecavir
therapy in chronic hepatitis B patients with suboptimal response to
adefovir. Aliment Pharmacol Ther 2011;34:767–74.

17. Reijnders JG, Deterding K, Petersen J, et al. Antiviral effect of
entecavir in chronic hepatitis B: influence of prior exposure to
nucleos(t)ide analogues. J Hepatol 2010;52:493–500.

18. Sherman M, Yurdaydin C, Simsek H, et al. Entecavir therapy for
lamivudine-refractory chronic hepatitis B: improved virologic,
biochemical, and serology outcomes through 96 weeks. Hepatology
2008;48:99–108.

19. Lee YB, Lee JH, Lee DH, et al. Efficacy of entecavir-tenofovir
combination therapy for chronic hepatitis B patients with

multidrug-resistant strains. Antimicrob Agents Chemother
2014;58:6710–16.

20. Park JY, Kim CW, Bae SH, et al. Entecavir plus tenofovir
combination therapy in patients with multi-drug resistant chronic
hepatitis B: the 48-week results of a multicenter, prospective study.
Hepatology 2014;60(4 Suppl):1096A.

21. Park JG, Kweon YO, Tak WY, et al. Entecavir plus adefovir or
entecavir plus tenofovir for patients with chronic hepatitis B resistant
to neucleot(s)ide analogues. Hepatology 2014;60(4 Suppl):1116A.

22. Zoulim F, Jablkowski MS, Diculescu M, et al. The safety and efficacy
of entecavir and tenofovir combination therapy for chronic hepatitis B
in patients with previous nucleos(t)ide treatment failure: week 96
results of the ENTEBE study. Hepatology 2014;60(4 Suppl):314A.

23. Lee S, Park JY, Park H, et al. Tenofovir mono-rescue therapy vs.
tenofovir plus entecavir combination-rescue therapy in chronic
hepatitis B with lamivudine and entecavir resistance: a Korean
multi-center study. Hepatology 2014;60(4 Suppl):1105A.

24. Lee SH, Kim HS, Kin SG, et al. Combination with nucleoside analogues
was not superior to tenofovir monotherapy in patients with drug-
resistant chronic hepatitis B. Hepatology 2014;60(4 Suppl):1118A–9A.

25. Lim YS, Byun KS, Gwak GY, et al. Tenofovir disoproxil fumarate
alone or in combination with entecavir in patients with
entecavir-resistant chronic hepatitis B: multicenter randomized trial.
Hepatology 2014;60(4 Suppl):315A.

26. O’Brien CG, Ha NB, Trinh HN, et al. Rescue therapy with entecavir
(ETV) plus tenofovir (TDF) combination therapy compared to ETV
monotherapy in chronic hepatitis B (CHB) patients with partial response
to ETV 0.5 mg daily. Gastroenterology 2014;146(5, Suppl 1):S-924–5.

27. Terrault NA. Benefits and risks of combination therapy for
hepatitis B. Hepatology 2009;49(5 Suppl):S122–8.

28. Lim YS, Byun KS, Yoo BC, et al. Tenofovir monotherapy versus
tenofovir and entecavir combination therapy in patients with
entecavir-resistant chronic hepatitis B with multiple drug failure:
results of a randomised trial. Gut Published Online First: 16 Jan
2015. doi:10.1136/gutjnl-2014-308353

8 Baqai S, Proudfoot J, Xu R, et al. BMJ Open Gastro 2015;2:e000030. doi:10.1136/bmjgast-2015-000030

Open Access
copyright.

 on A
pril 10, 2024 by guest. P

rotected by
http://bm

jopengastro.bm
j.com

/
B

M
J O

pen G
astroenterol: first published as 10.1136/bm

jgast-2015-000030 on 31 D
ecem

ber 2015. D
ow

nloaded from
 

http://dx.doi.org/10.1038/ajg.2009.204
http://dx.doi.org/10.1002/hep.21422
http://dx.doi.org/10.1055/s-2005-915647
http://dx.doi.org/10.1056/NEJMoa0802878
http://dx.doi.org/10.1056/NEJMoa0802878
http://dx.doi.org/10.1002/hep.24078
http://dx.doi.org/10.1002/hep.23246
http://dx.doi.org/10.1111/j.1365-2036.2011.04785.x
http://dx.doi.org/10.1016/j.jhep.2010.01.012
http://dx.doi.org/10.1002/hep.22323
http://dx.doi.org/10.1128/AAC.03845-14
http://dx.doi.org/10.1002/hep.27299
http://dx.doi.org/10.1016/j.jhep.2014.03.010
http://dx.doi.org/10.1016/j.jhep.2014.01.020
http://dx.doi.org/10.1016/S0016-5085(14)63358-8
http://dx.doi.org/10.1002/hep.22921
http://bmjopengastro.bmj.com/

	Comparable efficacy with entecavir monotherapy and tenofovir–entecavir combination in chronic hepatitis B patients
	Abstract
	Methods
	Study population
	Statistical analyses

	Results
	Patient characteristics
	Efficacy analysis
	ETV only versus ETV–TDF combination arms
	ETV–TDF combination arm
	ETV monotherapy arm

	Safety analysis
	ETV–TDF combination arm
	ETV monotherapy arm


	Discussion
	References


