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Background: Little clinical data are available about the effect of food on the antiviral efficacy
of entecavir for chronic hepatitis B virus (HBV) infection. The present study evaluated whether
entecavir administration in the fed state had comparable efficacy to the fasted condition for
maintenance of viral suppression in HBV-infected patients with virological response on ente-
cavir therapy.

Methods: In this multicenter, randomized, open-label, noninferiority study, patients who
were currently receiving entecavir and showed a serum HBV DNA level of <20 [U/mL were
randomized to take entecavir either under the fasted or fed condition for 48 weeks.

Results: We randomly assigned 50 patients to the fasted group and 46 patients to the fed group.
The full analysis set consisted of 49 patients in the fasted group and 44 patients in the fed group.
At week 48, the proportion of patients with HBV DNA <20 [U/mL was not significantly dif-
ferent between the fasted and fed groups (98% vs 100%, P=1.00). The mean log  HBV DNA
changes from baseline were similar between the two groups (—0.004 vs —0.012 log , IU/mL,
P=0.43). There were no significant differences in the proportions of patients with normal alanine
aminotransferase (87.8% vs 95.5%, P=0.27) and hepatitis B e-antigen seroconversion (0% vs
6.7%, P=0.47) between the two groups. None of the patients showed viral breakthrough. In
pharmacokinetic analysis, the maximum concentration and the area under the concentration—
time curve to the last quantifiable concentration decreased by 26.4% and 9.3%, respectively, in
the fed group compared with the fasted group. However, the differences between two groups
were not statistically significant (P=0.28 and 0.83, respectively).

Conclusion: In patients with virological response under entecavir therapy, concomitant food
intake did not affect the antiviral efficacy. For patients with adherence problem, taking entecavir
with food may be considered to improve compliance.

Keywords: chronic hepatitis B, entecavir, food effect, efficacy

Introduction

Hepatitis B virus (HBV) represents a major public health concern. More than
250 million people are chronic HBV carriers, and HBV-related end-stage liver disease
or hepatocellular carcinoma is responsible for more than 800,000 deaths annually.'?
The goal of treatment for chronic HBV infection is to suppress viral replication and
reduce histological activity before the development of cirrhosis and hepatocellular
carcinoma. Oral antiviral agents are widely used for the treatment of chronic HBV
infection because of their ease of administration and little adverse effects. However,
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HBYV infection cannot be completely eradicated because
of the persistence of covalently closed circular DNA;37
therefore, antiviral agents should be administered for long-
term periods. However, prolonged use of antiviral agents
can increase the risk of poor drug compliance, leading to
subsequent treatment failure. Therefore, maintaining satis-
factory drug compliance is important for achieving the goal
of therapy.

Entecavir is an orally administered guanosine nucleoside
analogue that has been approved for the treatment of chronic
HBYV infection. Because of its potency and high barrier to
resistance, various guidelines recommend entecavir as a first-
line therapeutic agent for chronic HBV infection.®'? Accord-
ing to a previous pharmacokinetic study, oral administration
of entecavir 0.5 mg with a standard high-fat meal resulted in
a minimal delay in absorption (1-1.5 hours in the fed state
vs 0.75 hours in the fasted state), a decrease in maximum
concentration (C_ ) of 44%-46% and a decrease in area
under the concentration—time curve (AUC) of 18%-20%."
Because the lower C_and AUC in the fed condition are
not considered to be clinically relevant in treatment-naive
patients, the European Medicines Agency recommends that
entecavir can be administered with or without food intake in
treatment-naive patients, except for those with lamivudine-
resistant mutation.'* On the contrary, the US Food and Drug
Administration and the Korean guideline recommend that
entecavir should be administered in a fasted condition (at
least 2 hours before or after a meal) because a reduced expo-
sure when taken with food might result in a lower efficacy.”!
However, this issue has not been clearly evaluated in terms
of virological, biochemical, and serological responses.

In this study, we aimed to compare the efficacy of ente-
cavir between administration in the fasted and fed states
in patients with chronic HBV infection. Because potential
suboptimal efficacy in patients with high viremia levels
may increase the risk of hepatic decompensation and liver
failure, which would be unethical, and prior exposure to
other antiviral agents (especially lamivudine) may increase
the risk of entecavir resistance,'®!” this study included only
patients who achieved virological response under entecavir
therapy. We hypothesized that the efficacy of entecavir
when administered in a fed state is not inferior to that when
administered in a fasted state.

Methods
Study design

This study was a multicenter, randomized, open-label, non-
inferiority trial conducted at nine tertiary referral hospitals

in South Korea from March 2015 to February 2017. Patients
aged 19-75 years who had tested positive for serum hepatitis B
surface antigen (HBsAg) for at least 6 months were currently
taking entecavir as first-line therapy for =48 weeks, and
who had serum HBV DNA <20 [U/mL at screening were
considered eligible for this study. Patients pretreated with
other antiviral agents; those with lamivudine resistance; those
with evidence of decompensated liver disease or malignancy;
and those with concomitant human immunodeficiency virus
infection, hepatitis C or D infection, and decreased renal
function (creatinine clearance <50 mL/min, as estimated
using the Cockcroft-Gault formula) at the screening visit
were excluded.

The study was approved by the Institutional Review
Boards of each investigational site, including Seoul
National University Hospital (H-1504-083-665), Konkuk
University Medical Center (KUH1010675), Korea University
Guro Hospital (KUGH15071-002), Seoul Metropolitan
Government Seoul National University Boramae Medical
Center (20150527/26-2015-67/062), Severance Hospital
Yonsei University (4-2015-0486), Inje University Busan
Paik Hospital (15-0098), Inha University Hospital (15-049),
Chungbuk National University Hospital (CBNUH 2015-
06-014-016), and Ilsan Paik Hospital (ISPAIK 2015-09-
024-015). All patients provided written informed consent
before screening. This study was conducted in accordance
with the Declaration of Helsinki.

The patients were randomized in a 1:1 ratio to take entecavir
0.5 mg (Entecavir®; Bukwang Pharmaceutical Co., Seoul,
South Korea) once daily either within 30 minutes after meals
(fed group) or without meals (>2 hours before or after meals,
fasting group) for 48 weeks. Randomization was centralized
and stratified by hepatitis B e-antigen (HBeAg) status. Study
visits were conducted every 6 weeks until treatment week 24,
and at 8-week intervals thereafter. Laboratory assessments
included HBeAg and anti-HBe, complete blood count, and liver
and renal function tests. At weeks 0, 24, and 48, serum HBV
DNA levels were measured at a central laboratory, by using the
COBAS TagMan HBV test (detection limit, 20—1.7x10% TU/mL;
Hoffman-La Roche Ltd., Basel, Switzerland).

Study endpoints

The primary endpoint was the proportion of patients with
a sustained virological response, defined as an HBV DNA
level <20 TU/mL, at week 48.5® The secondary endpoints
were the proportion of patients with a sustained virological
response at week 24, changes in HBV DNA levels from
baseline to weeks 24 and 48, the proportion of patients with
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loss of HBeAg and seroconversion to anti-HBe (HBeAg-
positive patients only) at weeks 24 and 48, the proportion
of patients with normal alanine aminotransferase (ALT) at
weeks 24 and 48, and virological breakthrough (increases in
HBV DNA levels =1 log,, IU/mL compared with the nadir
on two consecutive tests or HBV DNA of =100 IU/mL on
two consecutive tests) during the treatment period.®*

Clinical and laboratory adverse events were assessed
throughout the 48 weeks. Adherence to medication was
assessed using the patients’ drug diaries, by counting the
number of pills and empty packets returned at each visit,
and through a pharmacokinetic study.

Pharmacokinetic analysis

Pharmacokinetic analysis was performed in three participants
from each group who consented to undergo the assessment.
Blood was collected for predose pharmacokinetic sampling at
weeks 0, 6, 12, and 18. At week 24, sampling was conducted
before dose and at 0.25,0.5,0.75,1,1.5,2,3,4,5,6, 8, and
12 hours after dose. Plasma concentrations of entecavir were
determined with a liquid chromatography/mass spectroscopy
assay as previously described.!® The pharmacokinetic param-
eters were determined through the noncompartmental method
by using Phoenix™ WinNonlin® version 8.0 (Pharsight, St
Louis, MO, USA). The following pharmacokinetic param-
eters were calculated: C__, time to reach C__ (T, ), AUC
to the last quantifiable concentration (AUC ), AUC from 0
to infinity (AUC_, ), and terminal half-life (¢, ).

Statistical analyses

Assuming virological response rates of 90% for both groups
and a one-sided noninferior margin of 11.88%,'"%° and con-
sidering a dropout rate of 20%, a sample size of 88 subjects
(44 per group) was calculated to show that the fed group was
noninferior to the fasted group, based on a one-sided 95% CI
approach. A total of 96 patients were finally enrolled.

All efficacy analyses were performed in the full analysis
set and per-protocol set. The full analysis set was defined as all
patients who were randomly assigned and received at least one
dose of the study drug and had at least one valid postbaseline
efficacy evaluation, and the per-protocol set was defined as
a subset of the full analysis population who completed the
study without any major protocol violations. Patients with
adherence rate for medication below 80% during the study
period were excluded from the per-protocol set. Missing data
were classified as failures in the efficacy analysis.

Categorical variables were analyzed using the chi-squared
test or Fisher’s exact test, and continuous variables were

analyzed using the Student’s #-test or Wilcoxon rank-sum
test, as appropriate. For results of HBV DNA <20 IU/mL,
the values were numerically considered 20 IU/mL. All sta-
tistical analyses were performed using SAS version 9.2 (SAS
Institute Inc., Cary, NC, USA).

Results

Baseline characteristics

Of'the 96 randomized patients, 50 were assigned to the fasted
group and 46 to the fed group (Figure 1). Imbalance in number
occurred by chance because of block randomization.?' One
patient from the fasted group and two from the fed group
were excluded from the full analysis set, because of lack
of postbaseline efficacy assessment, withdrawal of consent
before starting treatment and a violation of eligibility criteria.
One patient from the fasted group was lost to follow-up
and excluded from the per-protocol analysis. The remain-
ing 92 patients completed the study without notable drug
adherence violations.

The treatment groups were comparable with regards to
baseline characteristics (Table 1). Of 95 participants who
received at least one dose of the study drug, 52 patients
(54.7%) were male, and the mean age was 52.6 years. Thirty-
three (34.7%) patients were HBeAg positive and 90 (94.7%)
had HBV DNA level <20 IU/mL at baseline. Fifteen (15.8%)
patients had compensated cirrhosis.

Efficacy

Virological response

Atweek 48, there was no significant difference for the primary
endpoint between the two groups. The proportion of patients
with HBV DNA <20 I[U/mL were 98.0% in the fasted group
and 100.0% in the fed group (P=1.00, Table 2). At week 24,
98.0% of the patients in the fasted group achieved an HBV
DNA <20 IU/mL compared with 95.5% in the fed group
(P=0.60). The serum mean log , HBV DNA changes from
baseline were not significantly different between the fasted
and fed groups at week 24 (=0.004 vs —0.002 log,, IU/mL,
P=0.74) and at week 48 (-0.004 vs —0.012 log,, IU/mL,
P=0.43). Up to week 48, no patient showed virological break-
through. When the results were analyzed in a per-protocol
set, similar findings were obtained, showing that entecavir
had comparable efficacy between administration in the fasted
and fed states (Table S1).

Biochemical and serological responses
The proportion of patients with normal ALT levels was not
significantly different between the fasted and fed groups at
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Completed study through week 48 (n=44)

A

v

Full analysis set (n=49)
Per-protocol set (n=48)

Full analysis set (n=44)
Per-protocol set (n=44)

Figure | Patient disposition of the whole study population.

week 24 (98.0% vs 95.5%, P=0.60) and at week 48 (87.8%
vs 95.5%, P=0.27; Table 2). Comparable proportions of
patients in both groups showed HBeAg seroconversion
at week 48 (0% vs 6.7%, P=0.47). None of the patients
achieved HBsAg loss or seroconversion during the study
period. Similar findings were observed in the per-protocol
analyses (Table S1).

Table | Baseline characteristics of patients

Adverse events

Of 95 patients who took the study drug at least once during
the 48-week period, 25 (50.0%) in the fasted group and 18
(40.0%) in the fed group experienced at least one adverse
event, although the difference was not statistically significant
(P=0.41, Table 3). Severe adverse events were reported in
three cases (two in the fasted and one in the fed group);

Variables Total (n=95) Fasted (n=50) Fed (n=45) P-value
Male, n (%) 52 (54.7) 24 (48.0) 28 (62.2) 0.22
Mean age (years) 526 +£9.0 52.7 £9.1 526 +£9.1 0.97
Mean baseline ALT (U/L) 23.1 £ 13.1 21.8+108 246+ 152 0.30
Normal ALT, n (%) 89 (93.7) 47 (94.0) 42 (93.3) 1.00
No of patients with HBY DNA <20 |U/mL, n (%) 90 (94.7) 48 (96.0) 42 (93.3) 0.64
HBeAg positive, n (%) 33 (34.7) 18 (36.0) 15(33.3) 0.79
Compensated cirrhosis, n (%) 15 (15.8) 10 (20.0) 5(1.1) 0.27

Abbreviations: ALT, alanine aminotransferase; HBeAg, hepatitis B e-antigen; HBV, hepatitis B virus.
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Table 2 Primary and secondary endpoints at 24 and 48 weeks

Endpoint Fasted (n=49) Fed (n=44) P-value
Week 24
HBY DNA <20 IU/mL, n (%) 48 (98.0) 42 (95.5) 0.60
Changes of HBV DNA from baseline (log,, 1U/mL)? —0.004 +0.028 —0.002 £ 0.023 0.74
Normal ALT, n (%) 46 (93.9) 43 (97.9) 0.62
HBeAg seroconversion, n/N (%) 0/17 (0) 1715 (6.7) 0.47
Viral breakthrough 0 0 -
Week 48
HBY DNA <20 IU/mL, n (%) 48 (98.0) 44 (100.0) 1.00
Changes of HBV DNA from baseline (log , IU/mL)* —0.004 +0.028 —0.012 £ 0.065 0.43
Normal ALT, n (%) 43 (87.8) 42 (95.5) 0.27
HBeAg seroconversion, n/N (%) 0/17 (0) 1715 (6.7) 0.47
Viral breakthrough 0 0 -

Notes: Full-analysis set, missing equals failure. *Data represent mean + SD.

Abbreviations: ALT, alanine aminotransferase; HBeAg, hepatitis B e-antigen; HBV, hepatitis B virus.

however, none was found to be related to the study drug.
There was no grade 3 or 4 adverse event in both groups, and
adverse events leading to study drug discontinuation or dose
reduction did not occur.

Pharmacokinetic characteristics

The pharmacokinetic parameters of entecavir at week 24
in the fasted and fed conditions are presented in Table 4.
The median T’ of entecavir under the fed condition was
delayed from 0.75 to 1.50 hours compared with that under
the fasted condition, but the difference was not statistically
significant (P=0.20). The median ¢, , was similar in the fasted
and fed groups (8.47 vs 8.59 hours, P=1.00). There were no
significant differences in the C__and AUC_, between the
fasted and fed groups (median C_, 6.30 vs 5.57, P=0.40;
median AUC , 1,220.02 vs 1,157.90, P=1.00). These results
suggest that entecavir absorption is affected by food intake;
however, the effect of food on the bioavailability of entecavir
would be insignificant.

Discussion

The present study showed for the first time that entecavir
administration in the fed condition had comparable efficacy
to the fasted condition in patients achieving virological

Table 3 Adverse events

response during entecavir therapy, in terms of virological,
biochemical, and serological responses. In addition, although
food delayed the absorption of entecavir, total systemic
exposure was similar in both groups in terms of the AUC.
Therefore, entecavir might be administered regardless of food
intake in some patients with adherence problems.
According to a previous pharmacokinetic study, food
reduced C _and AUC of entecavir compared to the fasted
condition, which led to the recommendation that entecavir
should be administered without food. However, subsequent
concentration—response analyses revealed that a clear
response was shown at a threshold dose of 0.01 mg. The dose
of entecavir 0.5 mg for nucleoside-naive patients was selected
based on superiority in viral suppression at week 22 com-
pared with entecavir 0.1 mg.”? The concentration—response
study showed a flattening of the curve in the 0.1-0.5 mg
range. Furthermore, a simulation study performed in pedi-
atric patients suggested that the exposure of entecavir would
be adequate in most patients even with concomitant food
intake.” Similarly, no significant differences in AUC, and
C, .. were seen between the fed and fasted groups in our
study. Furthermore, the proportion of patients who main-
tained HBV DNA <20 IU/mL at week 48, which was the
primary endpoint of our study, was comparable between the

Endpoint Fasted (n=50) Fed (n=45) P-value
Patients with any adverse event 25 (50.0%) 18 (40.0%) 0.41
Patients with serious adverse events® 2 (4.0%) 1 (2.2%) 1.00
Patients with a grade 3 or 4 adverse event 0 0 -

Dose reduction or discontinuation owing to adverse event 0 0 -

Notes: *Fasted group: uterine fibroid, sinusitis; fed group: tendinitis.
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Table 4 Pharmacokinetic parameters of entecavir under the fasted and fed conditions

Variables Fasted (n=3) Fed (n=3) P-value
T . (hours) 0.75 (0.50-0.75) 1.50 (0.75-4.00) 0.20
C... (ng/mL) 6.30 (5.92-9.08) 5.57 (1.72-8.39) 0.40
AUC_, (h/ng/mL) 1,220.02 (1,106.92—1,340.84) 1,157.90 (520.75-1,648.19) 1.00
t,, (hours) 8.47 (4.96-12.89) 8.59 (5.58-9.73) 1.00

Note: Data represent median (range).

Abbreviations: AUCM area under the concentration—time curve to the last quantifiable concentration; me, maximum concentration; t elimination half-life; Tmax, time

toreach C_ .
max

two groups. The serum mean log, HBV DNA changes from
baseline, the proportion of patients with normal ALT levels,
and HBeAg seroconversion rates at weeks 24 and 48 were
also similar between the two groups. In addition, the adverse
event profiles were not significantly different between the two
groups. Collectively, these findings suggested that the modest
decrease in entecavir exposure in the fed condition did not
alter the clinical efficacy, and entecavir could be administered
without regards to food to patients with stable viral suppres-
sion under antiviral therapy.

Adherence to medication is one of the most important
factors during antiviral therapy in chronic HBV infec-
tion, because it requires long-term and potentially lifelong
treatment.?* Recent studies have reported that ~20%-50% of
patients with chronic HBV infection showed poor adherence
to antiviral therapy. 27 Although entecavir is generally well
tolerated, gastrointestinal symptoms including heartburn,
nausea, dyspepsia, and upper abdominal pain are the most
common adverse events during entecavir therapy in real-life
practice according to a recent nationwide surveillance study.?®
Because ingested food could protect the gastrointestinal
mucosa, taking entecavir in a fed state might reduce the risk
of gastrointestinal adverse events. Therefore, for patients
having difficulty in following the prescription instructions or
those with gastrointestinal side effects, taking entecavir with
food might be considered to improve adherence.

This study has several limitations. First, it was an open-
label study, and blinding was not performed due to the nature
of intervention. This might have biased the participants in
reporting the adherence and adverse events. However, we
used objective endpoints and ascertained drug adherence
by various methods including the pharmacokinetic study.
Second, a small sample size and the noncrossover design
in the pharmacokinetic study could be associated with low
statistical power. Finally, only patients with virological
response to entecavir at baseline were considered in this
study, and the study duration was relatively short. Therefore,
a study with a longer follow-up performed in a large number
of treatment-naive patients with high viremia levels might
be warranted.

Conclusion

We showed that administration of entecavir in a fed state is
not inferior to administration in a fasted state in patients with
stable suppression of HBV by entecavir, in terms of viro-
logical, biochemical, and serological responses. For patients
with adherence problems, taking entecavir with food might
be considered to improve compliance.
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Table SI Primary and secondary endpoints at 24 and 48 weeks in per-protocol set
Endpoint Fasted (n=48) Fed (n=44) P-value
Week 24
HBV DNA <20 IU/mL, n (%) 47 (97.9) 42 (95.5) 0.61
Changes of HBV DNA from baseline (log,, IU/mL)* —0.004 +0.028 —0.002 +0.023 0.74
Normal ALT, n (%) 46 (95.8) 43 (97.7) 1.00
HBeAg seroconversion, n/N (%) 0/16 (0) 1/15 (6.7) 0.48
Viral breakthrough 0 0 -
Week 48
HBV DNA <20 IU/mL, n (%) 48 (100.0) 44 (100.0) 1.00
Changes of HBV DNA from baseline (log,, IU/mL)* —0.004 £ 0.028 —0.013 £0.066 0.43
Normal ALT, n (%) 43 (89.6) 42 (95.5) 0.44
HBeAg seroconversion, n/N (%) 0/16 (0) 1/15 (6.7) 0.48
Viral breakthrough 0 0 -

Notes: Missing equals failure. *Data represent mean + SD.

Abbreviations: ALT, alanine aminotransferase; HBeAg, hepatitis B e-antigen; HBV, hepatitis B virus.
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