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Aims

Our objective was to develop a population pharmacokinetic (PPK) model for epinas-
tine, a histamine H, receptor antagonist, in adults and children and to obtain
pharmacokinetic information to support dosing recommendations in children.

Methods

A total of 1510 plasma samples were collected from 62 healthy adult volunteers and
62 paediatric atopic dermatitis patients. The data were analysed using the NONMEM
program according to a two-compartment model with first-order absorption. In addi-
tion, the final PPK model was evaluated by means of bootstrapping resampling.

Results

The oral clearance (CL/F) was found to be associated with body weight, formulation
and food status. The volume of distribution of the central compartment (V,/F) was
related to body weight and food status. An absorption lag time was apparent in fed
subjects. On the other hand, other covariates (formulation on V,/F, volume of
distribution of the peripheral compartment (V,/F), first-order absorption rate constant
(Ka) and absorption lag time (ALAG); food status on V,/F and Ka; body weight on
V,/F) were not statistically significant. No effect of age on CL/F, V,/F or V,/F was
found. The mean parameter estimates obtained with an additional 200 bootstrap
replicates of data were within 90—117% of those obtained with the original data set.
These results suggest that the pharmacokinetics of epinastine are similar in adults
and in children, except for the effect of the difference of body weight. The result of
the application of the PPK model to the clinical trial in paediatric patients, in which
dosage was determined based on the body weight (from14 kg to less than 24 kg;
10 mg dose, 24 kg or more; 20 mg dose), showed that the C,, and AUC
(25.6 £ 6.9 ngml™" and 246.8 £ 68.2 ngh ml™") were almost same levels with
those of adults after administration of 20 mg (26.9+ 9.1 ngml™' and 281.6 +
90.5 ng h ml™").

Conclusions

A PPK model for epinastine was established and further evaluation by bootstrapping
indicated that this model is stable. The model shows that, if dosage is adjusted based
on the body weight, the epinastine exposure in paediatric patients is similar to that
in adults.

© 2005 Blackwell Publishing Ltd
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Introduction

Epinastine is a histamine H; receptor antagonist and a
nonsedative antiallergic drug [1, 2]. Based on its phys-
icochemical properties, such as hydrophilicity and cat-
ionic charge in the physiological pH range, it was
assumed that epinastine does not readily enter the cen-
tral nervous system, and indeed epinastine penetrates
very poorly into the human brain as shown by positron
emission tomography (PET) [3-5]. The absolute bio-
availability of epinastine is about 40% and a linear rela-
tionship was demonstrated between epinastine dose and
both C,,,. and AUC after administration of epinastine in
the dose range of 10-40 mg [6]. Epinastine is poorly
metabolized by human liver microsomes. Following a
single oral dose of 20.6 mg ["*C] epinastine to healthy
volunteers, about 70% of 'C activity (per cent of dose)
was found in the faeces and about 25% of administered
dose was recovered in urine.

In Japan, epinastine has been used as tablets for the
treatment of bronchial asthma, allergic rhinitis and skin
diseases with pruritus in adult patients. Epinastine is
prescribed for patients at a dose of 1020 mg once daily.
Recently, a dry syrup formulation has been developed
for paediatric patients. However, the dose should be
adjusted for paediatric patients. Pharmacokinetic data
can support the development of paediatric formulations,
and evaluation of the pharmacokinetic behaviour of a
drug in children can be useful as a basis for dosing
recommendations. As frequent blood sampling in chil-
dren is undesirable for ethical and practical reasons, the
use of population pharmacokinetics and sparse sampling
based on optimal sampling theory to minimize the num-
ber of samples required from each patient is a useful
approach to minimize the amount of blood drawn [7, 8].

So, we collected small numbers of blood samples
from paediatric patients in a phase Il open-label
trial [9] and performed a PPK analysis using these data
together with the adult data. The objective of this study

was to develop a PPK model for epinastine in adult
subjects and paediatric patients, and not only to identify
the factors that affect the pharmacokinetics of epinas-
tine, but also to obtain pharmacokinetic information that
would support dosing recommendations in children.

Methods

Subjects and trial design

A total of 1510 plasma concentration data were col-
lected from 124 subjects (62 healthy adult subjects, 62
paediatric atopic dermatitis patients) who participated in
six clinical trials conducted in Japan (Table 1).

All studies were performed in accordance with the
Declaration of Helsinki with the ethics approval in each
institution, and with the written informed consent of
each subject.

Trial 1 was a phase III open-label trial performed to
obtain the safety data in paediatric patients with atopic
dermatitis [9]. In this trial, small numbers of blood sam-
ples were collected to obtain pharmacokinetic data in
paediatric patients. Sixty-two patients were given 10 or
20 mg epinastine as dry syrup once daily for 12 weeks.
Dosage was determined according to body weight in this
trial. Patients weighing from 14 kg to less than 24 kg
and those weighing 24 kg or more were given 10 mg
and 20 mg epinastine, respectively. Three blood samples
were drawn from the vein of each patient at 2—-6 weeks,
6—10 weeks and 10-14 weeks after the first administra-
tion. The trials described in the following were all
performed in healthy male subjects. Trial 2 was a
bioequivalence study of 2.0 g dry syrup (containing
20 mg epinastine) compared with 20 mg tablets, per-
formed in 18 healthy male subjects in a cross-over
design. In trial 3, pharmacokinetic data were obtained
after single oral administration of 10, 20 or 40 mg epi-
nastine tablets in 9 healthy male subjects [6]. Trial 4
provided pharmacokinetic data after multiple oral
administration in healthy male subjects [6]. Twelve sub-

Table 1

Sources of plasma epinastine concentration data collected in clinical trials

Trial no Subjects Dose (mg) Formulation Number of subjects Number of measurements
1 Children with atopic dermatitis 10, 20 Dry syrup 62 179
2 Healthy male volunteers 20 Tablet 18 214
Dry syrup 217
3 Healthy male volunteers 10, 20, 40 Tablet 9 95
4 Healthy male volunteers 20 Tablet 12 373
5 Healthy male volunteers 20 Tablet 7 94
6 Healthy male volunteers 20 Tablet 16 338
44 59:1 ‘ Br J Clin Pharmacol



Population pharmacokinetic analysis of epinastine I

Table 2
Description of the population Total number of subjects Uz
participating in the present study Number of healt_hy adult ygluntgers 62
Number of atopic dermatitis patients 62
Adult Child
Gender
Male 62 38
Female 0 24
Dose
10 mg 9 15
20 mg 62 47
40 mg 9 =
Formulation
Tablet 62 -
Dry syrup 18 62
Food status
Fasting state (Number of measurements) 607 10
Non-fasting state (Number of measurements) 724 169
Age (year) 223 £1.7* 102 +3.8
[20-26]t [2-15]
Weight (kg) 63.0+6.9 369+ 155
[50-82] [14.1-68]

*Mean + SD, tMinimum—maximum values.

jects were given a 20 mg epinastine tablet once or twice
daily for 7 days. Trial 5 was a chronopharmacological
trial in which 20 mg epinastine was administered as tab-
lets to seven healthy male subjects [10]. Trial 6 investi-
gated the effect of food. Sixteen healthy male subjects
received 20 mg epinastine tablets orally as a single dose
in a fasted or fed state. This trial was performed in a
cross-over design.

Analysis of epinastine
Plasma concentrations of epinastine in paediatric
patients were determined by means of a validated
high-performance liquid chromatography combined
with triple-stage mass-spectrometry (HPLC-MS/MS)
method. In brief, sample preparation was based on
liquid-liquid extraction using diethyl ether, and then
back-extraction with 0.5% formic acid. Chromato-
graphic separation was achieved on an Inertsil ODS2
reversed-phase analytical column (5 wm, 150 x 2.1 mm)
and HPLC-MS/MS with electrospray ionization in the
positive mode was used for detection of analytes. The
limit of quantification was 0.6 ng ml™". Intra- and inter-
day variation of assay precision was less than 9.9% and
the average bias was within 2.0%.

All plasma samples collected from adults in the five

clinical studies were analysed by means of the same
validated HPLC method. The method involves solid
phase extraction and derivatization of epinastine with
dansylchloride, followed by isocratic separation (col-
umn: Lichrosorb Si60, 7 pm, 250 x 4.0 mm) and
fluorescence detection (excitation 355 nm, emission
535 nm). The limit of quantification was 2 ng ml™".
Intra- and interday variation of assay precision was less
than 7.7% and the average bias was within 13%.

All samples were measured at the Department of
Drug Metabolism and Pharmacokinetics, Kawanishi
Pharma Research Institute, Nippon Boehringer Ingel-
heim Co., Ltd.

Demographic background of the subject population

Demographic and clinical characteristics of the subjects
are summarized in Table 2. A total of 124 subjects
(62 healthy adult volunteers and 62 paediatric patients)
were enrolled in the study. A total of 1510 observations
(1331 from healthy adult volunteers and 179 from pae-
diatric patients) were used for analysis. The pooled
study subjects comprised 100 males and 24 females. The
ages of healthy adult subjects or paediatric patients
ranged from 20 to 26, and from 2 to 15 years old, respec-
tively, and the body weights from 50 to 82 kg, and from
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14.1 to 68 kg, respectively. These subjects were given
10, 20 or 40 mg epinastine daily. Epinastine was admin-
istered as tablet or dry syrup to subjects in a fed or fasted
state.

Model development

The analysis was performed using the NONMEM pro-
gram (double precision, version V, Globo Max LLC,
Hanover, MD, USA) [11]. The first-order method was
used.

An additive error model, an exponential error model
and a combined error model were evaluated to describe
the residual variability.

The minimum value of the NONMEM objective func-
tion (MOF) was used to discriminate between various
models during the model-building process. The differ-
ence in the MOF values obtained for the general and
restricted models is approximately y* distributed with
degrees of freedom equal to the number of fixed param-
eters in the restricted model. A difference in MOF of 3.8
for 1 degree of freedom (P < 0.05) was considered sta-
tistically significant during the full model building.

Step 1: Basic population model for adults In order to
determine the basic population model, one- and two-
compartment pharmacokinetic models with first-order
absorption were tested. The modelling of intraindividual
variability, the additive error model, exponential error
model and combined error model were compared. The
necessity of interindividual variability for each pharma-
cokinetic parameter was investigated.

Step 2: Modelling of covariates for adults Covariates con-
sidered for inclusion in the regression analysis were
food status (fasted or fed) and formulation (tablet or dry
syrup).

Covariates were incorporated stepwise into the basic
model to develop a full model. Once the full model was
developed, each covariate was tested by removing it, to
see if it should remain in the model, using a more strin-
gent difference in MOF of 6.63 (P < 0.01).

Step 3: Modelling of covariates for adults and children
The effect of age was modelled separately for the two
groups, adult subjects and paediatric patients, because
the age ranges did not overlap, as shown in Table 2, and
the range of age in adults was narrow (20-26 years).

Covariates were incorporated stepwise into the basic
model to develop a full model. Once the full model was
developed, each covariate was tested by removing it, to
see if it should remain in the model, using a more strin-
gent difference in MOF of 6.63 (P < 0.01).

46 ‘ 59:1 ‘ Br J Clin Pharmacol

Simulation

In order to evaluate the effect of covariates on plasma
concentration of epinastine, typical plasma profiles were
predicted for various subject subgroups. These were cal-
culated using a two-compartment model with first-order
absorption. The software used was Microsoft Excel® 97.

Non-compartmental analysis Individual pharmacoki-
netic parameters (C,,, and AUC) in noncompartmental
analysis for adult subjects were calculated using
WinNonlin® professional software (version 3.1, Phar-
sight Corporation, Mountain View, CA, USA). As the
blood samples collected from the paediatric patients
were too few to allow calculation of the pharmacoki-
netic parameters for each subject, the comparisons
between the pharmacokinetic parameters predicted by
the PPK model and determined by the noncompartmen-
tal analysis were only performed for adult data.

Model validation The bootstrap resampling method
was used to evaluate the stability of the final model
[12]. The final PPK model was fitted repeatedly to 200
additional bootstrap samples. The mean pharmaco-
kinetic parameters calculated with parameter estimates
obtained from the 200 bootstrap replications were com-
pared with those calculated with parameter estimates
obtained from the original data set.

Results

Figure 1 shows the plasma concentration-time data of
epinastine used for the present population pharmacoki-
netic analysis in healthy adults (left panel) and paediat-
ric patients (right panel).

Model building

Step 1: Basic population model for adults The basic
PPK model was a two-compartment model with first-
order absorption. Interindividual variability was neces-
sary for CL/F, V|/F, Q, V,/F and Ka. The combined error
model was best for modelling of intraindividual vari-
ability compared with the additional error model and
exponential error model.

Step 2: Modelling of covariates for adults Starting
from a simple structural model, covariates that were
considered likely to influence the pharmacokinetics of
epinastine were added one by one and tested for statis-
tical significance (forward selection method). For CL/F,
V./F, V,/F, Ka and ALAG, covariates, such as food
status and formulation were tested.

Among the examined covariates, food status on CL/
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in the steady state

F, Vi/F and ALAG, and formulation on CL/F signifi-
cantly improved the population model (P < 0.05). The
covariate with the largest effect was food status on CL/
F (AMOF = 93.00). Other covariates, formulation on V,/
F, food status and formulation on V,/F, food status and
formulation on Ka, and formulation on ALAG, were not
statistically significant. Food status and formulation
were then combined in the following full model.

CL/F(litres h™") = 8, FOOD¢ x FORMcx exp(McLr)
V,/E(litres) = 0, FOODv,r exp(Mv,/r)
Qlitres h™") = 0; exp(Mg)
V,/F(litres) = 0, exp(My,/r)
Ka(h™) = 65 exp(nk.)
ALAG(h) = FOOD 4 A

where FOOD¢ r = 0, if fed, 1 if fasted
FORMg, = 0 if dry syrup, 1 if tablet
FOODy, r =0, if fed, 1 if fasted
FOODy g = 05 if fed, O if fasted

Model refinement was then done by backward selection,
in which statistically insignificant covariates were
removed from the above full model. Remaining statisti-
cally significant factors (P <0.01) provided the PPK
model for adult subjects. Through this process, no cova-
riate was removed from the full model.

Step 3: Modelling of covariates for adults and children
After building the PPK model for adult subjects, data

from paediatric patients were combined with the adult
data and a PPK model for adult subjects and children
was developed. The effects of body weight and age were
investigated on CL/F, V|/F and V./F.

Among covariates examined for CL/F, V|/F and V,/F,
body weight on CL/F and V,/F significantly improved
the population model (P < 0.05). Other covariates, body
weight on V,/F, and age on CL/F, V|/F and V./F, were
not statistically significant. Model refinement was then
done by backward selection, in which statistically insig-
nificant covariates were removed from the above full
model, and remaining statistically significant factors
(P <0.01) provided the final PPK model. Through this
process, no covariate was removed from the full model
(Table 3).

The final model is described by the following
equations.

CL/F = (0, +WT 0,)) FOOD¢r FORM¢r exp(McLr)
V/F =(0,+WT 0,;) FOODy, z exp(Mv,/r)
Q=065 exp(Me)
V./F =0, exp(Mv,r)
Ka= e5 exp(nKa)
ALAG = FOODy| ag

where FOOD¢ . = 04 if fed, 1 if fasted

FORM¢y k= 0y if dry syrup, 1 if tablet
FOODv,r = 0, if fed, 1 if fasted
FOOD o = 65 if fed, O if fasted

Br J Clin Pharmacol ‘ 59:1 ‘ 47
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Table 3

Hypothesis testing for possible factors affecting pharmacokinetics of epinastine

0 Factor Parameter Estimated value Hypothesized value AMOF P-value
05 Food status CL/F 1.41 1 —135.72 P <0.01
0, Food status V,/F 1.75 1 -130.56 P <0.01
0 Food status ALAG 0.234 0 -21.39 P<0.01
0, Formulation CL/F 1.06 1 -7.87 P <0.01
010 Body weight CL/F 0.805 0 -119.40 P <0.01
o Body weight V,/F 3.95 0 ~16.84 P <001
The PPK parameter estimates given by this model are
Table 4 summarized in Table 4.

Final estimates for population pharmacokinetic parameters
of epinastine

Final model equations

CL/F = (8, + WT 8,5) FOOD¢ s FORMcy
V,/F = (8, + WT 6,,) FOODy,

Q= 93

Vz/F =0,

Ka = 05

ALAG = FOODpac

FOODqr = 65 if fed, 1 if fasted
FORMc/r = 65 if dry syrup, 1 if tablet
FOODy, + = 6, if fed, 1if fasted
FOODpac = 05 if fed, O if fasted

Parameter Estimate SE

0, 19.1 6.93

0, 174 68.4

05 344 4.05

0,4 452 106

05 1.18 0.102
0¢ 1.41 0.0839
0, 1.75 0.169
0g 0.234 0.0354
0y 1.06 0.0601
(SIS 0.805 0.137
01, 3.95 1.04

Interindividual variability (CV%)
ocr=31.8%

oy =32.7%

wq = 47.5%

Wy,r =119.6%

Wy, = 56.8%

Residual variability

Proportional (%) 27.9

Additive (ng mI™") 0.425
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In order to confirm that the final PPK model actually
reflects the observed plasma concentrations, the concen-
trations predicted by the final model are plotted vs. the
observed concentrations in Figure 2 and individual
weighted residual plots for the final model are shown in
Figure 3. The values were generally distributed around
zero and were relatively symmetric. No obvious bias
pattern was apparent in the plot of the predicted concen-
tration vs. the weighted residual. The pharmacokinetic
parameters (C,,,, and AUC) calculated from PPK model
were compared with those calculated with noncompart-
mental analysis (Figure 4A,B). There is an excellent
correlation between the results of calculation by non-
compartmental analysis and estimation by the PPK
model.

In order to evaluate the effect of covariates on plasma
concentration of epinastine, typical plasma profiles and
pharmacokinetic parameters (C,,, and AUC) predicted
for various subject subgroups are shown in Figure 5. As
the dosage for the clinical trial in paediatric patients was
determined according to the body weight, the extremes
of the body weight, 14 kg and 24 kg, were selected for
simulation.

In order to evaluate the appropriateness of the dose
setting based on body weight defined in the trial in
paediatric patients, the PK parameters (C,,,. and AUC)
in adults (20 mg dose) and children (10 mg or 20 mg
dose) calculated from PPK model were shown in
Figure 6. The C,, and AUC in adults were 26.9
+9.1 ngml™" and 281.6 +90.5 ngh ml™" (Mean * SD)
and those of children were 25.6+6.9ngml" and
246.8 + 68.2 ng h ml™', respectively. The distribution of
both parameters overlapped well.

The final PPK model was fitted repeatedly to 200
additional bootstrap samples. The mean parameter esti-
mates obtained from the 200 bootstrap replicates are
summarized in Table 5. These arithmetic mean parame-
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ter estimates were within 17% of those obtained with
the original data set.

Discussion

The PPK model of epinastine in healthy adult volun-
teers and paediatric atopic dermatitis patients was built
based on a two-compartment model with first-order
absorption. Though there are some reports on the phar-
macokinetics of epinastine in adults [6, 10], the phar-

macokinetics of epinastine in children has not been
reported so far. So, this PPK model is expected to be
useful for paediatric patients. In this study, we built a
PPK model in two steps, that is, a PPK model for adults
was built first, followed by a model for adults and chil-
dren. As frequent blood sampling was only performed
in adults, data from adults were considered to be suit-
able for building a basic PPK model for epinastine. If
the PK profiles were not similar between adults and
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children, it would be difficult to build a PPK model
using merged data for adults and children. For these
reasons, the two-step procedure of PPK modelling was
selected.

In the present PPK model, the body weight, food
status (fed or fasted) and formulation were found to
affect the pharmacokinetics of epinastine. On the other
hand, no effect of age was found. From this result,
considering the difference of body weight, we can con-

-2

Weighted residual

-6

_8 | | | |
0 10 20 30 40 50

Predicted concentration (ng/mL)

Figure 3
Plots of weighted residuals vs. predicted concentrations (PRED). The
horizontal line represents the zero level

clude that the pharmacokinetics of epinastine is not
affected by age within the range examined in this study,
that is, the pharmacokinetic profile of epinastine is sim-
ilar in adults and children. It is suggested that, if dosage
is adjusted based on body weight, the epinastine expo-
sure in paediatric patients is similar to that in adults.
Concerning the effect of age, we could only compare a
group of children with a group of adults, because the
age range of the adults was narrow (20-26 years). If we
obtain pharmacokinetic data from adults with a wider
range of age, useful information on the effect of increas-
ing age could be obtained.

According to the results of food effect trial conducted
in adults, it was shown that food intake reduced C,,,, and
AUC. The ratios of C,, and AUC in fed subjects to
those in fasted subjects were 0.67 and 0.62, respectively.
On the other hand, ¢, was not affected by food intake.
A similar tendency was also observed in the simulated
PK profile, as shown in Figure 5. This result suggests
that the effect of food is described appropriately by this
model.

A clinical trial to investigate the relative bioavailabil-
ity of the dry syrup to the tablet was conducted and the
ratios of C,,,, and AUC after administration of dry syrup
to those after administration of tablet were 0.82 and
0.91, respectively. A similar tendency was observed in
the simulated PK profile, as shown in Figure 5. Based
on this result, the effect of formulation on the pharma-
cokinetic profile of epinastine was less than that of body
weight or food status.
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The plots of the predicted vs. measured concentra-
tions for adult and paediatric subjects (Figure 2) and a
comparison of the pharmacokinetic parameters pre-
dicted by the PPK model with those calculated by non-
compartmental analysis based on the data from adult
subjects (Figure 4) show that the PPK model well
describes the plasma concentrations of epinastine,
although a tendency of slight under-estimation was
observed in higher concentration range. In the present
analysis, the data in absorption phase were not so rich
compared with those in elimination phase, therefore pre-
diction of rapid absorption might be difficult. It might
cause the under-estimation for higher concentration, e.g.
C,.» Observed in Figures 2 and 4A. However, the pre-

dicted values for lower concentration range and AUC
were closer to identical line (Figures 2 and 4B), indicat-
ing that the present PPK model well described the expo-
sure after oral administration. The result of model
validation by the bootstrapping method indicates that
the final model is stable.

Our PPK model shows that, if dosage is adjusted
based on body weight, the epinastine exposure in pae-
diatric patients is similar to that in adults (Figures 5A,
B). The result of the application of the PPK model to
the present clinical trial in paediatric patients, in which
dosage was determined based on the body weight
(from 14 kg to less than 24 kg; 10 mg dose, 24 kg or
more; 20 mg dose), showed that the C,, and AUC
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Table 5

Summary of bootstrap validation on the present population pharmacokinetic model

Results of 200 bootstrap

Final estimates of the simulations Bootstrap mean/final
model parameters Mean SE estimate ratio (%)
CL/F 19.1 18.1 748 95.0
V,/F 174 203 102.9 116.7
Q 34.4 34.8 3.94 101.2
V,/F 452 515 199 114.0
Ka 1.18 1.21 0.114 102.6
CL/F: FOOD 1.41 1.43 0.100 101.2
V,/F: FOOD 1.75 1.76 0.165 100.5
Absorption lag time: FOOD 0.234 0.232 0.039 99.2
CL/F: FORM 1.06 1.07 0.063 100.9
CL/F: WT 0.805 0.811 0.149 100.8
V. /F: WT 3.95 3.56 1.63 90.2
O’ cr 0.101 0.104 0.028 103.4
W1 0.107 0.105 0.034 979
W’q 0.226 0.217 0.134 95.9
var 1.43 1.42 0.476 G5
0, 0.323 0.363 0.093 112.3
o’ (proportional) 0.0776 0.0755 0.010 97.3
o’ (additive) 0.181 0.164 0.125 90.6

were almost same levels with those of adults after
administration of 20 mg (Figure 6). These results pro-
vide a good basis for estimating the exposure in paedi-
atric patients after administration of epinastine and
also for supporting dosing recommendations in chil-
dren. It was considered that dose adjustment based on

52 ‘ 59:1 ‘ Br J Clin Pharmacol

body weight is clinically useful especially for low
weight children.

In conclusion, a PPK model for epinastine in healthy
adult subjects and paediatric patients was developed in
this study and it was shown that this model well
describes the plasma concentration of epinastine and is



stable. Several covariates that affect the pharmacokinet-
ics of epinastine were identified, but no effect of age was
found. It was shown that if dosage is adjusted based on
body weight, the epinastine exposure in paediatric
patients is similar to that in adults.
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