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Abstract

This study evaluated the population pharmacokinetics (PK) of entecavir in Japanese patients with chronic hepatitis B infection enrolled in
2 Japanese phase IIb clinical trials and compared them to non-Japanese patients enrolled in global phase II trials. The objectives were to
identify significant and clinically meaningful covariate effects on entecavir population pharmacokinetic parameters and assess whether
differences exist between Japanese and non-Japanese patients. A total of 843 observations were obtained from 142 patients who received
once daily administration of entecavir at 0.1, 0.5, and 1.0 mg doses in the 2 Japanese studies. Consistent with findings in non-Japanese
patients, creatinine clearance estimated with ideal body weight (ICrCL) was found to be statistically significant for clearance in a 2-
compartment model. Also, the entecavir dose was identified as a covariate on intercompartmental clearance. Age, gender, and hepatic
function were not identified as covariate for clearance. The estimated population average of oral clearance in a typical patient with a reference
ICrCL value of 100 mL/min was 26.4 L/h (interindividual variability: 19.4%). This model-based analysis indicates that the PK of entecavir
are similar in Japanese and non-Japanese chronic hepatitis B patients.
© 2011 Elsevier Inc. All rights reserved.
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1. Introduction

Entecavir (ETV), a cyclopentyl guanosine analog, is a
potent and selective inhibitor of hepatitis B virus (HBV)
DNA polymerase that inhibits all 3 activities of the HBV
polymerase: base priming, reverse transcription of the
negative strand from pre-genomic messenger RNA, and
synthesis of the positive strand of HBV DNA (Seifer et al.,
1998). The metabolism of ETV was evaluated in vitro and in
vivo; it was found to be a substrate, inhibitor, nor inducer of
the cytochrome P450 enzyme system. It is predominantly
eliminated by the kidneys, with urinary recovery of
unchanged drug at steady state ranging from 78% to 80%
of the administered dose and a mean renal clearance of
372.1 and 366.4 mL/min at ETV doses of 0.5 and 1 mg,
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respectively, in Japanese healthy subjects (Amano and
Goto, 2007; Ishikawa, 2006). Because the renal clearance
exceeded glomerular filtration rate, tubular secretion is
likely to play a role in its elimination. In subjects with renal
impairment, there is a strong correlation between decreased
creatinine clearance (CrCL) and increased exposure to
ETV (Matthews, 2006).

In phase I studies, the maximum plasma concentration
(Cmax) of ETV and the area under the concentration–time
curve (AUC) at steady state (AUCss) increased in proportion
to dose and were similar among healthy subjects in the
United States, Japan, and China (Matthews, 2006; Yan et al.,
2002). Following multiple oral doses of ETV 0.5 mg in
healthy subjects in the United States (n = 6), Japan (n = 6),
and China (n = 8), mean (SD) AUCs were 15.0 (2.8),
17.8 (1.3), and 17.4 (2.8) ng·h/mL, respectively. A food
effect was observed on ETV pharmacokinetics (PK): the
Cmax was decreased by 44–46%, and the AUC was
decreased by 18–20% when ETV was taken with food
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able 1
ummary of baseline demographics for pharmacokinetic database in the
apanese clinical trials

aseline characteristic (units) Mean (SD) Median Range

ge (y) 44 (10) 43 24–68
eight (kg) 66.5 (13.1) 65.0 39.0–118.2
ody mass index (kg/m2) 23.7 (3.8) 23.6 17.3–42.9
rCLa (mL/min) 101.9 (21.1) 102.3 54.2–150.0
otal bilirubin (mg/dL) 0.6 (0.3) 0.6 0.2–2.2
lkaline phosphatase (IU/L) 312 (155) 273.5 127–1280
lbumin (g/dL) 4.4 (0.4) 4.4 3.1–5.2
lanine aminotransferase (IU/L) 143 (137) 107 24–1250
spartate aminotransferase (IU/L) 88 (75) 69.5 21–634
mylase (IU/L) 142 (42) 133.5 43–298
ender, n (%) Male: 116 (82), female: 26 (18)
tudy, n (%) AI463052: 77 (54), AI463053: 65 (46)
ose, n (%) 0.1 mg: 32 (23%), 0.5 mg: 72 (51%),

1.0 mg: 38 (27%)

a ICrCL, creatinine clearance calculated by Cockcroft and Gault equation
sing ideal body weight (Cockcroft and Gault, 1976; Devine, 1974).
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(Matthews, 2006). Therefore, ETV was administered at
fasting state in clinical phase II and III studies.

A population PK analysis was conducted to characterize
the PK of ETV in chronic hepatitis B (CHB) patients using
data obtained from 3 phase II studies in non-Japanese
patients (Zhu et al., 2008). A 2-compartment model was used
to estimate individual PK parameters, and apparent clearance
(CL/F) was found to increase with increasing calculated
CrCL based on ideal body weight (ICrCL). The CL/F of a
typical patient with a reference ICrCL value of 100 mL/min
was 27.1 L/h, and the apparent volumes of distribution of
the central and peripheral compartments were 115 and
1830 L, respectively.

The ETV development program in Japan compared the
PK profiles of Japanese and non-Japanese patients in phase II
clinical studies. If these were found to be comparable, then
the response to ETV therapy in Japanese patients was
bridged to the worldwide database of non-Japanese CHB
patients. To accomplish this, we characterized the population
PK of ETV in Japanese CHB patients using data from 2
Japanese phase II clinical trials (studies AI463052 and
AI463053), which was not used for the previous population
PK analysis, and identified covariate effects on ETV PK
parameters of these patients. We also performed a compar-
ative PK analysis by a pooled model-based covariate
method, using integrated concentration data to assess
whether the PK of ETV in Japanese CHB patients
differed from that of the non-Japanese CHB patients in the
global studies.
2. Materials and methods

2.1. Data

The Japanese ETV population PK model was developed
with 843 ETV plasma concentration observations from 142
Japanese CHB patients. These patients were enrolled in 2
phase II clinical studies (studies AI463052 and AI463053)
that were conducted to evaluate the efficacy, safety, and PK
of ETV. Table 1 presents a summary of the baseline
demographic and laboratory data from the Japanese CHB
patients who were included in the population PK analysis
(77 patients from study AI463052 and 65 patients from study
AI463053). No difference in demographic and laboratory
data was observed between the 2 studies.

Study AI463052 was a randomized, double-blind,
parallel-arm study with 2 ETV dose arms (0.5 and 1.0
mg, each taken once daily for 52 weeks) in Japanese CHB
patients who were refractory to lamivudine therapy (Amano
and Goto, 2007; Ishikawa, 2006; Suzuki et al., 2008). Study
AI463053 was a randomized, double-blind, parallel-arm
study with 2 ETV dose arms (0.1 and 0.5 mg, each taken
once daily for 52 weeks) in nucleoside-naive Japanese CHB
patients (Amano and Goto, 2007; Ishikawa, 2006; Kobashi
et al., 2009). The study protocols and patient informed
consents were approved by an institutional review board
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at each study center and conducted in accordance with
the principles of the declaration of Helsinki and Good
Clinical Practice.

Plasma samples for measurement of ETV concentration
in both studies were collected at the following times: pre-
dose (trough); 1.5 ± 0.25, 3 ± 0.25, and 10 ± 0.25 h post-dose
at the week 2, 4, or 48 visits. This sampling design, which
was close to the scheme developed by D-optimal design
(trough, 0.2, 1.4, 3.5, and 10 h post-dose) (Zhu et al., 2008),
was selected for accurate and precise estimation of CL/F, a
key determinant of ETV exposure. All sampling collections
were conducted for ETV concentrations at steady state that
would provide the decisive information for accurate and
precise estimation of CL/F (Ogata, 2007; Tsuchiwata et al.,
2005). Sampling points were identified at 1.5 and 3.0 h post-
dose from the alpha phase assumed in the 2-compartment
model, and 10 h post-dose and trough level from the beta
phase based on the plasma concentration–time profiles in the
Japanese phase I study (data not shown). Sparse samples
were also collected randomly at any time after 1 h post-dose
at the week 12, 24, and 36 visits.

The comparative PK analysis was performed by pooling
the data from the Japanese phase II studies (described above)
with data from 3 global phase II clinical trials (studies
AI463004, AI463005, and AI463014) in CHB patients,
which have been used to develop the population PK model in
non-Japanese patients (LaCreta et al., 2005; Zhu et al.,
2008). A total of 1000 ETV plasma concentration measure-
ments from 177 non-Japanese patients were available in the
population PK analysis data set.

Study AI463004 was a randomized, double-blind,
placebo-controlled, dose-escalation study with 4 ETV dose
levels (0.05, 0.1, 0.5, and 1.0 mg, each taken once daily for
28 days), in non-Japanese CHB patients who were either
treatment naive or lamivudine/interferon pretreated (De Man
et al., 2001). ETV PK samples were collected before the
ETV dose on days 1, 7, 14, 21, and 28 of study AI463004,
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and data were available for 30 patients. Study AI463005 was
a randomized, double-blind, parallel-arm study with 3 ETV
dose levels (0.01, 0.1, and 0.5 mg, each taken once daily for
24 weeks) in non-Japanese CHB patients (Lai et al., 2002).
In this study, ETV PK data were collected at 0.5, 1, 1.5, 2, 3,
4, 6, 8, 10, and 12 or 24 h post-dose on day 1 and on weeks 4,
12, and 22; data were available for 120 patients. Study
AI463014 was a randomized, double-blind study with 3
ETV dose levels (0.1, 0.5, and 1.0 mg, each taken once daily
for 48 weeks) (Chang et al., 2005). ETV PK samples were
collected 1.5, 3, and 6 h post-dose on day 1 and on weeks 4,
12, 24, 36, and 48 at least 1 h post-dose, and PK data were
available for 72 non-Japanese patients.

2.2. ETV plasma concentration assay

ETV plasma concentrations were determined by a
validated liquid chromatography tandem mass spectrometry
assay with a lower limit of quantification of 0.005 ng/mL
(Yan et al., 2002). The assay was sensitive and specific, and
was based on solid-phase extraction of ETV from plasma
samples before chromatographic separation and selected
reaction-monitoring detection by mass spectrometry. A
structural analog, lobucavir, was used as the internal
standard. Separation of analyte and internal standard from
the matrix was achieved using reversed-phase liquid
chromatography with gradient elution. Eluted analyte and
internal standard were monitored by specific ion transitions
using tandem mass spectrometric detection. Plasma samples
from Japanese CHB patients in studies AI463052 and
AI463053 were analyzed for ETV in a total of 18 analytical
runs. The standard curve, which ranged from 0.005 to
25 ng/mL for ETV, was fitted using a 1/x weighted
quadratic regression model. The between-run and within-run
precision values for analytical quality control samples were
no greater than 5.6% and 18.8% coefficient of variation,
respectively, with deviations from the nominal concentra-
tions of no more than ±7.7%. Because all samples were
collected at steady state, only one sample showed the lower
limit of quantification and was treated as missing data.

2.3. Population PK model development

Plasma concentration–time data from Japanese CHB
patients in studies AI463052 and AI463053 were analyzed
using a nonlinear mixed-effects modeling approach, as
implemented in the NONMEM computer program (version
V, level 1.1, GloboMax®). The plasma concentration–time
data were fitted to a 2-compartment model with first-order
absorption and elimination, using the first-order conditional
estimation method with interaction to estimate the popula-
tion and individual PK parameters. Interindividual variabil-
ity was estimated by an exponential model, and an additive
and proportional error model was employed for the
estimation of the random residual variability. The result of
the Japanese phase I study, in which an intensive sampling
design was employed for noncompartmental analysis,
suggested the difficulty of precise estimation of the
absorption rate constant (KA) and its variability (Amano
and Goto, 2007; Ishikawa, 2006) since ETV was rapidly
absorbed with a median time to maximum plasma concen-
tration (Tmax) of 0.6–0.75 h at steady state. Therefore, the
sensitivity test was conducted on fixed KA values ranging
from 0.5 to 6.0 h−1.

Covariate selection was performed by forward inclusion
and backward elimination based on the likelihood ratio
test. Covariate–parameter relationships significant at a 5%
level were included at forward inclusion steps, and were
retained in the model at backward elimination steps,
provided they were significant at a 0.1% level (Jonsson
and Karlsson, 1998).

The following continuous and categorical covariates were
investigated: body weight, ideal body weight (IBW) (Winter,
2003), age, body mass index, ICrCL (Cockcroft and Gault,
1976), total bilirubin, alkaline phosphatase, albumin, alanine
aminotransferase, aspartate aminotransferase, amylase, sex,
and drug dosage. IBW was calculated as described in
Equations 1 and 2:

Males : IBW kg½ � = 50 + 0:906 × Height cm½ �−152:4ð Þ ð1Þ

Females : IBW kg½ � = 45 + 0:906 × Height cm½ �−152:4ð Þ
ð2Þ

ICrCL was calculated as described in Equations 3 and 4:

Males : ICrCL mL=min½ � = 140−Age yrs½ �ð Þ × IBW kg½ �
= 72 × SCr mg=dL½ �ð Þ ð3Þ

Females : ICrCL mL=min½ � = Male ICrCL mL=min½ � × 0:85

ð4Þ

SCr represents serum creatinine value. Covariate–
parameter relationships for continuous value covariates
were described by power covariate models, and the
relationships for categorical covariates were described by
proportional shift covariate models.

Other model assessment criteria for goodness of fit
included checking for reductions in interindividual vari-
ability and random residual variability, visual improve-
ments in agreement between the observed and predicted
plasma concentrations, and the reduction of nonconditional
and no eta–epsilon interaction weighted residuals for the
predicted concentrations.

2.4. Population PK model evaluation

The stability of covariate effects included in the final
model was evaluated by nonparametric bootstrap (Ette,
1997; Parke et al., 1999) and permutation analyses (Good,
2000), and the predictive performance of the final model was
evaluated by a predictive check.
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Briefly, the nonparametric bootstrap analysis was per-
formed by fitting the final and reduced (excluding a final
model covariate effect) models to 200 bootstrapped data sets
randomly generated without any stratification, and deter-
mining the percentage of bootstrapped data sets for which
covariate effect was significant at a 1% level. The
permutation test was performed by fitting the final model
to 1000 data sets in which the association between patients
and covariate values had been randomly scrambled (per-
muted) without correlation between covariates (the ETV
dose and ICrCL). The likelihood that the effect of a covariate
was included by random chance in the final model was
evaluated by determining the percentage of these fits that had
a NONMEM objective function value (equivalent to −2 log
likelihood) that was lower than that of the final model fit.
The predictive check was performed by comparing statistics
of observed concentration data with the distributions of the
corresponding statistics obtained from the final model by
Monte Carlo simulation. Model-estimated CL/F and AUCss

were also compared to values obtained by noncompart-
mental analysis.
2.5. Comparison of population PK between Japanese and
non-Japanese populations

ETV exposure measures (steady-state Cmax and AUCss) of
Japanese patients were calculated using empirical Bayesian
estimates determined in the Japanese population PK analysis.
AUCss was calculated by dividing the ETV dose by CL/F.
Cmax was the highest simulated concentration obtained from
steady-state simulation by 0.01 h after dosing. Distributions
of ETV exposure measures in Japanese patients were
compared with those of non-Japanese patients derived from
non-Japanese population PK analysis (Zhu et al., 2008);
results were described by dose and population box plots.

Furthermore, the potential effect of Japanese ethnicity on
ETV CL/F was assessed by combining the Japanese and non-
Japanese population PK analysis data sets and by performing
a likelihood ratio test to test for this covariate effect added to
the final model.
Table 2
Summary of parameter estimates for the final pharmacokinetic model

Parametera Population

CL/F (L/h) θ1 16.0 (11
Effect of ICrCL θ2 10.4 (5.
Q/F (L/h) θ3 913 (−
Effect of Dose θ4 −0.532 (−
V2/F (L) θ5 114 (75
V3/F (L) θ6 642 (25
KA (h−1) θ7 3.50 (fi
CCVc residual error (as % CV)

Additive residual error was b0.0001 ng/mL. CI = confidence interval; CCV= con
a Asymptotic–associated 95 % confidence intervals.
b Percentage SEM = standard error/parameter estimate × 100.
The sampling design employed for accurate and precise
estimation of CL/F in Japanese phase II studies (studies
AI463052 and AI463053) did not include sampling points
after the first dose (required for estimation of distribution
volume at steady state [Vdss] (Ogata, 2007; Tsuchiwata
et al., 2005). Therefore, the potential ethnic effect was tested
only for CL/F and not distribution Vdss.
3. Results

3.1. Population PK model development

The ETV PK data in Japanese CHB patients were
described by a 2-compartment population PK model,
identical in structure to the model used to describe the PK
of ETV in non-Japanese CHB patients (LaCreta et al., 2005;
Zhu et al., 2008). The model was parameterized in terms of
CL/F, the apparent volumes of distribution of the central
and peripheral compartments, intercompartmental clearance
(Q/F), and KA, and included covariate effects of ICrCL on
CL/F and ETV dose on Q/F.

The Japanese population PK model parameter estimates
are presented in Table 2. The relative standard error of the
parameters specifying CL/F was reasonably small, indicat-
ing that CL/F, a key determinant of ETV exposure, was
adequately estimated in the final population PK model.
Also, the effect of the study (the ratio of study AI463053
to study AI463052) on CL/F was 1.06 and its asymptotic-
associated 95% confidence interval was 0.98–1.15,
indicating that it was reasonable to use the integrated
Japanese data for the population PK analysis.

As in the case of the population PK analysis in non-
Japanese patients, KA could not be reliably estimated
because of the sampling design and was fixed to a value of
3.5 h−1 based on the sensitivity analysis. ETV Tmax derived
from the KA value was 0.6 h for Japanese patients. This was
similar to the value obtained in a population PK analysis of
non-Japanese patients (~0.5 h) (Zhu et al., 2008), and median
values at steady state (0.6–0.75 h) in a Japanese phase I
study, in which an intensive sampling design was employed
mean (95% CIa) Percentage CVb interindividual
variance (% SEM)

.2 to 20.8) 19.4 (24.0)
8 to 15.0)
37 to 1863) 43.6 (39.8)
0.704 to −0.360)
to 153) 26.0 (50.1)
7 to 1027) 53.9 (87.8)
xed) Not estimated

30.7 (12.4)

stant coefficient of variation.
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for noncompartmental analysis (Amano and Goto, 2007;
Ishikawa, 2006). One major limitation of this study was that
the first observation at steady state was taken at approxi-
mately 2- to 3-fold Tmax derived from the fixed KA (~1.5 h).
However, almost all individual Tmax values at steady state
were within 1 h post-dose in the Japanese phase I study
(unpublished data), suggesting that the impact of fixed KA
value is limited on the PK.

The covariate–parameter relationships between CL/F and
ICrCL, and between Q/F and ETV dose, were specified
according to Equations 7 and 8, respectively:

CL=F ¼ h1 + h2 × ICrCL=100ð Þ ð7Þ

Q=F = h3⁎DOSEh4 ð8Þ

The concentration–time profiles and diagnostic plots
shown in Figs. 1 and 2 illustrate the good agreement
between observed and model-predicted ETV concentra-
tions and the lack of apparent systematic bias dependent
on time and concentrations. Fig. 3 illustrates the
covariate–parameter relationships included in the final
population PK model.

3.2. Population PK model evaluation

The stability of covariate effects included in the final
population PK model was confirmed by nonparametric
bootstrap and permutation test analysis. The covariate effects
of ICrCL were statistically significant in 82% and 87% of the
bootstrap likelihood ratio test analyses, respectively. Fur-
thermore, the NONMEM objective function values of the
final population PK model fitted to the population PK
analysis data set were lower than the objective function
values obtained when this model was fitted to the data sets in
which the association between patient and ICrCL or dose (as
covariate) was permuted (1000 permuted data sets for each
covariate). These results are consistent with the 0.1% level of
significance employed in the backward elimination step of
covariate selection.

A predictive check was conducted to evaluate the
performance of the final model. Monte Carlo simulation
was employed to generate 1000 trials with the final
model. The 25th, 50th, and 75th percentiles of simulated
concentrations were computed for trough and peak
concentrations (i.e., pre-dose and nominal 1.5-h time
points after administration of ETV 0.5 mg). The
percentile statistics of the observed concentrations were
within the central 99% of corresponding simulated
distributions, with the exception of the 25th percentile
of the 2-h time points (Fig. 4). Furthermore, the model-
estimated distributions CL/F and AUCss (Table 3), which
are determinants and measures of ETV exposure, were
compared and found to be similar to those calculated by
noncompartmental analysis in healthy subjects (Amano
and Goto, 2007).
F
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D

3.3. Comparison of population PK between Japanese and
non-Japanese populations

AUCss was calculated based on individual CL/F and
Cmax values obtained from steady-state simulation. AUCss

was not supported by observations during the first 1.5
h post-dose because of the sampling design and mean (SD)
of the fraction for AUCss during the first 1.5 h. This,
expressed as AUC1.5hr/AUC24hr, was 23.4% (3.5%).
However, as mentioned above, it was considered that the
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impact of fixing the KA value was limited in CL/F (i.e.,
AUCss) since ETV was rapidly absorbed, with the median
Tmax values at steady state (0.6–0.75 h) (Amano and Goto,
2007; Ishikawa, 2006) similar to the estimated Tmax-derived
fixed KA value (0.6 h), and almost all individual Tmax

values at steady state were within 1 h post-dose in the
Japanese phase I study (unpublished data).
Table 3
Summary statistics for derived pharmacokinetic parameters at steady state

Parameter Dose (mg) Mean SD

CL/F (mL/min) 0.1 (n = 32) 468.6 99.9
0.5 (n = 72) 442.4 81.3
1.0 (n = 38) 447.7 79.3

AUCss (ng·h/mL) 0.1 (n = 32) 3.72 0.82
0.5 (n = 72) 19.56 4.14
1.0 (n = 38) 38.34 6.55

Cmax (ng/mL) 0.1 (n = 32) 0.632 0.046
0.5 (n = 72) 3.601 0.458
1.0 (n = 38) 7.259 0.636

Cmin (ng/mL) 0.1 (n = 32) 0.087 0.028
0.5 (n = 72) 0.382 0.123
1.0 (n = 38) 0.653 0.212
Median values of non-Japanese and Japanese HBV
patients at 0.1, 0.5, and 1.0 mg were 3.7, 18.7, and 46.9
ngd h/mL and 3.7, 18.4, and 38.2 ngd h/mL for AUCss,
respectively, and 0.67, 3.9, and 8.9 ng/mL and 0.62, 3.5, and
7.1 ng/mL for Cmax, respectively. Box plots of Cmax and
AUCss for ETV in Japanese and non-Japanese patients are
given in Fig. 5. The distributions of AUCss at 0.1–1.0 mg for
Japanese patients fell within the range of AUCss for non-
Japanese CHB patients in studies AI463004, AI463005, and
AI463014. However, the median AUCss of Japanese patients
at 1.0 mg was lower than that of non-Japanese patients by
approximately 20%. A similar trend was observed for Cmax.
The effect of Japanese ethnicity on ETV CL/F was further
investigated by a pooled analysis of the Japanese and non-
Japanese population PK analysis data sets. The effect of
population (the ratio of Japanese to non-Japanese) on CL/F
was tested by the likelihood ratio test and found to be
insignificant as a covariate (P = 0.309). The mean (SE) ratio
of this ethnicity covariate effect on CL/F was 0.962 (0.0408)
and its asymptotic-associated 95% confidence interval was
0.882–1.042, indicating that the observed differences in
ETV exposure are not due to an effect of ethnicity on ETV
CL/F. The observed lower median ETV AUCss at 1.0 mg in
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Fig. 5. Box plots of peak concentrations (Cmax; upper panels) and area under the concentration–time curves at steady state (AUCss; lower panels) for 0.1, 0.5, and
1.0 mg of ETV in Japanese (JPN) and non-Japanese patients with HBV infection.
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Japanese patients is consistent with the higher median ICrCL
in Japanese patients (100.3 mL/min) compared with non-
Japanese patients (81.5 mL/min).

Vdss, expressed as apparent volumes of distribution in
the central compartment (V2/F) + apparent volumes of
distribution in the peripheral compartment (V3/F), was
approximately 3-fold larger in non-Japanese patients than
in Japanese patients (1945 versus 756 L, respectively)
(Zhu et al., 2008). Sampling collections after first dosing
would provide the decisive information regarding Vdss
(Ogata, 2007; Tsuchiwata et al., 2005). The sampling
design employed in Japanese clinical phase II studies did
not have sample collections after first dosing at all; however,
the sampling design in clinical phase II studies in non-
Japanese patients included blood collections at multiple
points in day 1 (Zhu et al., 2008). Therefore, the difference
in sampling points may contribute to the difference in Vdss
between Japanese and non-Japanese CHB patients. Also,
imprecision in estimation of Q/F may generate the difference
of V3/F and Vdss. Population mean (95% confidence
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interval) of Q/F in this population analysis in Japanese CHB
patients was 913 (−37 to 1863). The wide confidence
interval indicated the imprecise estimation of Q/F and,
therefore, further comparison of Q/F between 2 populations
was not implemented.
4. Discussion

The characterization of the population PK of ETV in
Japanese CHB patients, and the comparison of ETV
exposures in Japanese and non-Japanese CHB patients
reported in this article were used to bridge the safety and
efficacy of ETV established in the Japanese and global
clinical programs, and enabled the data collected in the
Japanese ETV program to be interpreted in the context of the
larger global clinical database. Furthermore, the pooled
model-based analysis of the PK data from Japanese and non-
Japanese CHB patients enabled a quantification of the effect
of ethnicity on ETV PK model parameters, after accounting
for the effect of covariate–parameter relationships; an effect
that may have otherwise been confounded.

ETV concentration–time data from Japanese CHB
patients were well described by a 2-compartment model
with first-order elimination, which was identical in structure
to the population PK model used to describe ETV
concentration–time data from non-Japanese CHB patients
(Matthews, 2006). Moreover, the covariate–parameter
relationships identified previously in the non-Japanese
population PK analysis were also found to be significant
for the Japanese CHB patients. Specifically, this analysis
provides an independent confirmation of the previous
findings that CL/F increases with increases in ICrCL and
that Q/F decreases with increasing dose (Zhu et al., 2008).
The stability of these covariate–parameter relationships was
rigorously tested and confirmed by bootstrap and permuta-
tion test analysis of the Japanese data.

The covariate–parameter relationship between CL/F
and ICrCL is consistent with data from phase I studies
showing that renal elimination is the primary pathway of
ETV clearance (Amano and Goto, 2007; Ishikawa, 2006;
Matthews, 2006). ETV is not appreciably protein bound
(13%) (Matthews, 2006), suggesting that the observation
of dose effect on Q/F is not related to saturable protein
binding. ETV showed nonlinear PK after single dosing at
the range of 0.05–2.5 mg, but linear PK at steady state in
a multiple dose (MAD) study (Yan et al., 2002). In
addition, ETV has high oral bioavailability (N70%)
(Matthews, 2006), and its metabolism does not signifi-
cantly contribute to the elimination (Matthews, 2006).
Furthermore, the percentage urinary recovery increased
with increasing doses after single dosing at the range of
0.1–1.0 mg (unpublished data). These data suggested
saturable peripheral distribution of ETV and, therefore, the
covariate–parameter relationship was observed between Q/
F and ETV dose. Given the nonlinear PK after a single
dose and the dose-dependent intercompartmental clear-
ance, data from future studies will be useful to develop
mechanistic PK models to explain these observations. In
addition, the available data did not support inclusion of
the effects of age or gender on ETV PK parameters in
either the non-Japanese or the Japanese population PK
analyses (Zhu et al., 2008).

Although the median AUCss of Japanese patients at 1.0
mg is lower than that of non-Japanese patients by
approximately 20%, this difference is likely to be due to
the higher ICrCL in Japanese patients and not due to an
effect of ethnicity on CL/F. The median ICrCL in Japanese
patients who received the 1.0-mg dose is approximately
20% higher than the value in non-Japanese patients who
received this dose. A pooled analysis of the Japanese and
non-Japanese data confirmed that ethnicity does not have a
statistically significant or clinically meaningful effect on
ETV CL/F, indicating that the ETV exposure of Japanese
patients is similar to that of non-Japanese patients after
accounting for the effect of ICrCL. Nonetheless, similarities
in dose–response (reduction in HBV DNA level) of
Japanese and non-Japanese patients in studies AI463047
and AI463005 (Amano and Goto, 2007; Ishikawa, 2006;
Lai et al., 2002) demonstrate that the differences in ETV
AUCss are not clinically meaningful and that no adjustment
of the ETV dose is warranted for Japanese CHB patients.

In conclusion, the PK of ETV in Japanese CHB patients is
consistent with the previously characterized PK of ETV in
non-Japanese CHB patients (Zhu et al., 2008). This report
illustrates that a pooled model-based covariate analysis is
useful to evaluate whether observed differences in ETV
exposure between 2 populations (such as Japanese and non-
Japanese CHB patients) are explainable by an effect of
ethnicity or differences in other covariates known to affect
the exposure of ETV. The results of this pooled model-based
analysis provided data to support the bridging strategy for
ETV. Approval of ETV for the treatment of adult patients
with CHB was granted by the Japanese Ministry of Health,
Labor, and Welfare in 2006.
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