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Abstract

The paliperidone pharmacokinetics after intramuscular administration of once-monthly paliperidone palmitate in
Japanese patients were studied in 3 phase 1 studies and in 2 phase 3 studies performed in Japan, Korea, and Taiwan.
These data (Japanese, n = 509; Korean, n = 31; Taiwanese, n = 47) were used to describe the paliperidone palmitate
pharmacokinetics in Japanese, to compare with non-Japanese, and to validate the historical population pharmacokinetic
(Pop-PK) model for paliperidone palmitate, developed using data from studies in patients with schizophrenia outside
Japan. The final historical Pop-PK model, including all significant patient covariates of Japanese studies,was used to simu-
late paliperidone plasma concentration–time data using nonlinear mixed effects, followed by comparison with actual data.
Visual predictive checks displayed considerable overlap between predicted and actual plasma concentrations; the major-
ity of observations were within the 90% prediction interval. Japanese, Korean, and Taiwanese patients had comparable
plasma concentrations. Covariate distributions demonstrated comparatively lower median body mass index in Japanese,
Korean, and Taiwanese patients versus rest-of-world population. Prediction errors for the data set used for external
validation were within cutoff values, confirming accuracy/precision of the model. Paliperidone pharmacokinetics were
adequately predicted for Japanese studies using the historical Pop-PK model, confirming its robustness.Pharmacokinetics
in Japanese, Korean, and Taiwanese patients with schizophrenia were comparable with rest-of-world population.
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Schizophrenia is a chronic and debilitating mental
illness that affects millions worldwide.1 Atypical
antipsychotics are the mainstay of treatment for
patients with schizophrenia. However, despite con-
tinued advancements in these medications during the
past 50 years, poor medication adherence is high and
presents the greatest obstacle to recovery and relapse
prevention.2,3 It is estimated that up to 75% of patients
with schizophrenia have difficulty adhering to a daily
oral treatment regimen4, thereby increasing the risk
of relapse. Relapse is disabling and distressing and is
associated with a progressive functional deterioration
and worsening treatment response and clinical prog-
nosis, as well as slower and less complete recovery
with each successive relapse.5–7 Maintenance therapy
is therefore an important aspect of the treatment of
patients with schizophrenia.

Paliperidone, the active, 9-hydroxy metabolite
of the atypical atipsychotic, risperidone, exhibits
antagonism at both dopamine type 2 and serotonin
2A receptors. Being more hydrophilic than the parent,

paliperidone has a different pharmacokinetic profile
and is predominantly eliminated unchanged via the
renal route.8–10 Three formulations of paliperidone
have been developed: an oral extended-release formu-
lation, and a long-acting injectable (LAI) formulation
(paliperidone palmitate) for intramuscular administra-
tion every 4 weeks (1-month formulation) and every
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3 months. These formulations are approved for the
treatment of schizophrenia in numerous countries
including the United States.

Following administration of paliperidone palmitate
LAI (1-month formulation), drug release begins as
early as the first day and can last for at least 4 months.11

The median terminal half-life (t1/2) ranges from 25 to
49 days over the dose range of 25 to 150 mg equiva-
lent (eq.) paliperidone. The pharmacokinetics is dose-
proportional in terms of total exposure (area under the
plasma concentration–time curve [AUC]) and slightly
less than dose-proportional for peak exposure (Cmax)
and the Cmax is higher after deltoid injection compared
with gluteal injection. After a single dose, the time to
peak exposure (tmax) ranged from 13 to 14 days after
deltoid and 13 to 17 days after gluteal injection.12 In pa-
tients withmild renal impairment, dosage adjustment is
necessary.13 No dose adjustment is required in patients
withmild ormoderate hepatic impairment; no data cur-
rently exist regarding severe hepatic impairment. El-
derly patients with normal renal function can receive
the same dosage as younger adult patients with normal
renal function.11

For adults, the recommended starting dose of
paliperidone palmitate is 150 mg eq., followed by a
second dose of 100 mg eq. 1 week later, both adminis-
tered in the deltoid muscle. The recommended monthly
maintenance dose (75 mg eq.) can be administered ei-
ther in the deltoid or gluteal muscle. The maintenance
dose can be adjusted within the range of 25 to 150 mg
eq. based on individual patients’ symptoms and/or
tolerability without any oral supplementation. The in-
jection can be administered either in the deltoid mus-
cle (patients weighing �90 kg, 1-inch 23-gauge needle;
>90 kg, 1.5-inch 22-gauge needle) or in the gluteal mus-
cle (1.5-inch 22-gauge needle).9,11–13

The pharmacokinetics of paliperidone after intram-
uscular administration of paliperidone palmitate have
been evaluated in patients with schizophrenia in sev-
eral global single- and multiple-dose phase 1, 2,
and 3 studies.9 Based on these studies outside of
Japan, which included a small number of patients from
other East Asian countries, a comprehensive popula-
tion pharmacokinetic (Pop-PK)model for paliperidone
palmitate was developed,9,13 and used as the key eval-
uation tool in the present analysis. In this model, the
plasma concentration–time profile for paliperidone fol-
lowing intramuscular administration of its palmitate
ester was best described by a 1-compartment model
with first-order elimination. The absorption of palipe-
ridone was complex, and a dual input model was spec-
ified to best capture this complexity. The absorption
component in this model allowed a fraction of the dose
to enter relatively quickly into the central compart-
ment following a zero-order process. After a lag time,

the remaining fraction then entered the systemic circu-
lation via a first-order process. This model facilitated
understanding of the disposition of paliperidone and
allowed an evaluation of the interindividual variability
in the pharmacokinetics in the target patient popula-
tion. The results suggested that the pharmacokinetics
of paliperidone were mostly influenced by body mass
index (BMI), creatinine clearance, injection site, injec-
tion volume, and needle length. The model was vali-
dated several times using external data sets from 2 phase
1 and 3 phase 3 studies.14 Accuracy and precision of the
external validations were consistently within the prede-
fined criteria, that is, within the |15|% for median per-
cent prediction error (PE%) and within the 30% for the
median absolute PE% (|PE|%), respectively; thus, the
model can be considered valid from an accuracy and
precision standpoint.

The paliperidone pharmacokinetics after paliperi-
done palmitate intramuscular administration (1-month
formulation) in Japanese, Korean, and Taiwanese
patients was evaluated in 3 phase 1 and 2 phase 3
studies. In this post hoc analysis, the pharmacoki-
netic data obtained in these studies were described and
compared with the rest-of-world (ROW) population.
Additionally, the applicability of the historical Pop-PK
model to Japanese, Korean, and Taiwanese patients was
evaluated comparing the actual data obtained in the
Japanese patients with the model-based predictions.

Methods
Data were obtained from 2 phase 1 studies in Japanese
patients (studies JPN-1, and JPN-3 [NCT01942382]),
a phase 2 (JPN-2 [NCT01606254]), 2 phase 3 stud-
ies (JPN-4 [NCT01299389] in Japanese, Korean, and
Taiwanese patients and JPN-5 [NCT01258920] in
Japanese patients). The protocols and amendments
were reviewed and approved by independent institu-
tional review boards. The studies were conducted in ac-
cordance with the Declaration of Helsinki, the Good
Clinical Practice guidelines of the International Con-
ference on Harmonization, and local laws and regula-
tions. All patients gave written informed consent before
study entry, after full explanation of the study.

Study Population
Men and women patients were eligible for participa-
tion in the studies if they were between 20 and 65
years of age (20 years or older in JPN-4 and JPN-5),
diagnosed with schizophrenia of any subtype accord-
ing to the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition, and clinically stable as per
investigator judgment (JPN-1, JPN-2, and JPN-3) or
had a Positive and Negative Syndrome Scale score of
60 to 120 (JPN-4 and JPN-5). Patients who had been
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treated with an antipsychotic medication before study
entry could continue using their medication through-
out the study at the same dosage regimen in studies
JPN-1 and JPN-3, excluding LAIs and risperidone. In
the other studies, psychotropic drugs were not allowed.
Epinephrine and carbamazepine were not allowed in
any of the studies. Patients without documentation of
previous treatment with risperidone or paliperidone
received oral risperidone (or paliperidone extended
release for studies JPN-4 and JPN-5) for at least 4 or
7 days at a dose appropriate for the study prior to
the first paliperidone palmitate injection, to evaluate
tolerability.

Study Designs
Doses of paliperidone palmitate can be expressed in
terms of both milligram equivalents of the phar-
macologically active fraction, paliperidone, and in
milligrams of paliperidone palmitate; for example,
100 mg eq. equates to 156 mg paliperidone palmitate.

Studies JPN-1 and JPN-3 were phase 1 and JPN-2
phase 2, multicenter, open-label, randomized, parallel-
group studies to evaluate the pharmacokinetics and
safety of paliperidone palmitate in patients with
schizophrenia. JPN-4 was a phase 3, randomized,
double-blind, placebo-controlled, parallel-group,
fixed-dose, multicenter study in Japanese, Korean,
and Taiwanese patients with schizophrenia to evaluate
the efficacy of paliperidone palmitate. JPN-5 was a
phase 3, open-label, flexible-dose, multicenter study
in Japanese patients with schizophrenia to evaluate
the long-term safety and tolerability of paliperidone
palmitate. A summary of the dosage regimes and
pharmacokinetic sampling is presented in Table 1.

Bioanalysis
Plasma concentrations of the paliperidone enantiomers
(JPN-1, JPN-2, and JPN-3) were determined using a
validated liquid chromatography coupled to tandem
mass spectrometrymethod.15 Plasma concentrations of
racemic paliperidone (JPN-4 and 5) were determined
using a validated liquid chromatography–tandem
mass spectrometry method consisting of a protein
precipitation step followed by high-performance liquid
chromatography coupled to positive electrospray
triple quadrupole mass spectrometry. In the protein
precipitation step, 100-µL plasma aliquots were precip-
itated with 200-µL acetonitrile. After mixing and cen-
trifugation, 5-µL of the supernatant was injected onto
a Polaris C18-A 3-µm 4.6-mm ID × 30-mm analytical
column. The mobile phase was a mixture of 0.01 mol/L
ammonium formate (pH 4)/acetonitrile/methanol.
Detection occurred by TurboIonSpray ionization
(positive ion mode). Paliperidone was monitored at

transition m/z 427.2 to 207.0 and the stable isotope la-
beled internal standard at transitionm/z 431.2 to 209.0.

The performance of the assays was characterized by
means of validation.16 The accuracy of the methods
was within the criteria of 80% to 120% at the level of the
lower limit of quantitation (LLOQ) and 85% to 115%
at the other levels. The interbatch precision (expressed
as the coefficient of variation) did not exceed 20% at the
LLOQ and 15% at the other levels. The analytical range
was 0.200 to 100 ng/mL for paliperidone enantiomers
and 0.1 to 250 ng/mL for racemic paliperidone. In cases
where enantiomers of paliperidone were measured,
paliperidone concentrations were calculated as the
sum of the enantiomers and only total paliperidone
concentrations were used for further interpretation.
The total number of patients and pharmacokinetic
samples for each study are summarized in Table 1.

Comparison of Pharmacokinetic Data From
Different Populations
The paliperidone pharmacokinetic parameters
obtained in the JPN-1 phase 1 study were com-
pared to the ROW studies with similar design and
dosing regimens.

Population Pharmacokinetic Model-Based
Simulations
The historical Pop-PK model was the key evalu-
ation tool in this analysis.9 Data set preparation,
exploration, and visualization were performed us-
ing S-Plus 6.0 to 8.0 professional release 2 software
(Insightful Corporation, Seattle, Washington) and
R (version 2.14.1, 2012-02-29). Model-based simula-
tions were performed using NONMEM Version V to
VII,17–19 and using the Intel FORTRAN 9.0 or 10 or
GFORTRAN compilers for Windows. Measurements
below the LLOQ and missing values were excluded
from the analysis. The covariates included and the
covariate effects implemented in the NONMEM code
were only those factors that were found to be signifi-
cant in the historical population model13: injection site
(gluteal or deltoid), needle length, sex, age, creatinine
clearance, BMI, and injection volume.

To verify the predictive value of the historical
Pop-PK model, a visual predictive check (VPC)
was performed; that is, the measured paliperidone
concentrations in the Japanese, Korean, and Taiwanese
patients were compared with the corresponding pre-
dicted values by the population model. Data sets were
simulated based on the fixed- and random-effect esti-
mates from the final historical model.9 Simulated data
sets had study design features and covariates (ie, dosing
information and demographics) resampled from the
JPN-1 through JPN-5 studies in Japanese, Korean, and
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Table 2. Pharmacokinetic Parameters of Paliperidone After a Single Intramuscular Dose in the Gluteal Muscle of 25, 50, or 150 mg
eq. Paliperidone Palmitate in Japanese Patients With Schizophrenia (Study JPN-1)

25 mg eq. 50 mg eq. 150 mg eq.

N Mean (SD) n Mean (SD) n Mean (SD)

Cmax (ng/mL) 8 3.68 (2.26) 8 7.94 (6.64) 9 17.2 (9.95)
tmax (days)a 8 16.0 (4.0-25.0) 8 11.0 (4.00-42.2) 9 18.0 (4.0-28.0)
AUC(0,t) (ng • h/mL) 8 4634 (2386) 8 7353 (3751) 9 17764 (9538)
AUC(0,�) (ng • h/mL) 8 5713 (2829) 8 9198 (4764) 9 20861 (9960)
t1/2 (days)a 8 30.2 (10.5-158.4) 8 45.2 (13.5-80.5) 9 45.0 (20.5-92.8)

AUC(0,t), area under the plasma concentration–time curve up to the time of the last quantifiable concentration; AUC(0,�), area under the plasma
concentration–time curve extrapolated to infinity; Cmax, maximum plasma concentration; t1/2, apparent terminal half-life; tmax, time to maximum
plasma concentration.
aMedian (range).

Taiwanese patients. A VPC was performed after the
5th, 50th, and 95th percentiles were calculated from
the simulated profiles. These percentiles were superim-
posed on the raw data to allow visual assessment of
model predictability. In addition, model accuracy and
precision were evaluated; PE% was computed for each
concentration value. For JPN-4 and JPN-5, summary
statistics of PE% and |PE|% were calculated to assess
accuracy and precision, and the model was considered
acceptable if the median PE% and the median |PE|%
were within |15|% and 30%, respectively.15

Results
Pharmacokinetic Results From Phase 1 Studies in
Japanese Patients
After a single intramuscular injection, Cmax was
reached 16, 11, and 18 days after the injection, for
25, 50, and 150 mg eq., respectively, in the JPN-1
study (Table 2). Thereafter, concentrations decreased
gradually, but still exceeded the LLOQ on the last eval-
uation day (126 days after injection). Cmax and AUC
appeared to increase in a dose-proportional manner
between 25 and 50 mg eq. and less than proportional
with doses between 50 and 150 mg eq., while t1/2 was
shorter for the 25-mg eq. dose (30.2 days) compared
to the 50 and 150 mg eq. doses (45.2 and 45.0 days,
respectively) (Table 2).

After repeated intramuscular injections of 50, 100,
and 150 mg eq. in the gluteal muscle (on days 1, 8,
36, and 64), the plasma paliperidone concentrations
varied widely among the patients in the JPN-2 study.
However, paliperidone exposure after the fourth dose
increased with the dose within the dose range of 50 mg
to 150 mg eq. paliperidone (Table 3). The t1/2 ranged
from 58.5 days for the 100 mg eq. dose to 95.5 days for
the 150mg eq. dose. These t1/2 appear to have large vari-
ability likely due to the small sample size.

After repeated administration of 75 mg eq. paliperi-
done palmitate in the deltoid muscle in the JPN-3
study, paliperidone exposure was about 25% higher for
the fourth injection and tmax was reached earlier than
with gluteal administration (Table 3). After the second
injection, paliperidone exposure was about 45% higher
for deltoid injection than gluteal injection. The distribu-
tions of individual plasma concentrations after deltoid
and gluteal injection overlapped, even more so at the
fourth compared with the second injection. There were
only 6 quantifiable plasma concentrations of paliperi-
done palmitate, namely, in 6 patients in the JPN-3 study.
In Japanese patients, single and repeated intramuscu-
lar injections (25 to 150 mg eq.) were generally safe
and well tolerated. No new safety signals were detected
in these phase 1 studies.

Comparison of Pharmacokinetic Data From
Different Populations
Pharmacokinetic parameters in the JPN-1 and JPN-2
studies were compared with the ROW studies having
a design similar to these Japanese studies. The median
values of dose-normalized AUC and Cmax were used
for this comparison. Paliperidone exposure in Japanese
patients remained generally within the distribution of
the ROW population (Figure 1). Repeated paliperi-
done palmitate administrations displayed a similar pat-
tern, with the actual plasma concentrations obtained
in Japanese patients within the range of those in the
ROW studies having a similar dosing regimen (data not
shown).

Population Pharmacokinetic Database Description
In total, 5740 nonplacebo samples from 518 patients
were available (Table 1). Following data cleanup, 4992
pharmacokinetic samples with valid concentration-
time points were available from 509 patients.
Samples were excluded because the concentrations were
below LLOQ or not assessable (47 samples) or if initial
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Table 3. Pharmacokinetic Parameters of Paliperidone in Japanese Patients With Schizophrenia After the Fourth Intramuscular Dose
in the Gluteal Muscle of 50, 100, or 150 mg eq. Paliperidone Palmitate (Study JPN-2) and in the Gluteal or Deltoid Muscle of 75 or
150 mg eq. Paliperidone Palmitate (Study JPN-3)

50 mg eq. gluteal 100 mg eq. gluteal 150 mg eq. gluteal

Study JPN-2 n Mean (SD) n Mean (SD) n Mean (SD)

Cmax (ng/mL) 13 13.7 (7.52) 12 33.5 (19.8) 14 43.1 (30.3)
tmax (days) 13 11.05 (4.82) 12 9.70 (4.59) 14 9.60 (6.98)
Median (range) 13 10.99 (1.99-21.01) 12 7.89 (5.97-21.81) 14 7.50 (2.93-27.01)

AUC(0,τ) (ng •h/mL) 13 7081 (3581) 12 15 898 (7535) 14 21 853 (15 534)
Css,av (ng/mL) 13 10.7 (5.42) 12 23.9 (11.4) 14 32.8 (23.1)
t1/2 (days) 10 68.1 (48.0) 10 58.5 (29.1) 9 95.5 (98.8)

75 mg eq. deltoid 75 mg eq. gluteal 150 mg eq. deltoid

Study JPN-3 n Mean (SD) n Mean (SD) n Mean (SD)

Cmax (ng/mL) 19 22.2 (12.9) 22 19.0 (15.2) 20 44.0 (20.8)
tmax (days) 19 6.51 (2.94) 22 9.69 (5.02) 20 7.59 (5.18)
Median (range) 19 6.97 (1.97-13.99) 22 7.96 (3.87-20.98) 20 6.38 (1.98-21.93)

AUC(0,τ) (ng • h/mL) 19 10 927 (5944) 22 9139 (7250) 20 22 821 (11 218)
t1/2 (days) 15 129.4 (139.8) 9 79.0 (45.4) 14 67.3 (25.8)

AUC(0,τ), area under the plasma concentration–time curve over the dosing interval; Cmax, maximum plasma concentration; Css,av, average plasma
concentration; t1/2, apparent terminal half-life; tmax, time to maximum plasma concentration.

Figure 1. Dose-normalized (A) area under the plasma concentration–time curve (AUC; Japanese/JAPAN: JPN-1 study; rest-of-world:
phase 1 studies INT-12, PSY-1002, and PSY-1004); (B) maximum plasma concentration (Cmax; Japanese/JAPAN: JPN-1 study, rest-of-
world: phase 1 studies INT-12, PSY-1002, and PSY-1004) following single intramuscular injections of paliperidone palmitate. DN -
AUC(0,�), dose-normalized area under the plasma concentration-time curve extrapolated to infinity; DN - Cmax, dose-normalized
maximum plasma concentration.

paliperidone concentrations were affected by prior oral
risperidone or paliperidone (criterion: >10 ng/mL on
day 4, 90 samples). In addition, samples were excluded
for disallowed concomitant medications (61 samples),
needle length deviating from protocol (28 samples), or
other (3 samples). Pretreatment samples (519 samples)
were excluded as well.

All studies included Japanese patients only, with
the exception of JPN-4, which included 75 Japanese,
31 Korean, and 47 Taiwanese patients. Patients’
demographics, which were statistically significant
covariates from the historical Pop-PK model, are

described in Table 4. For comparison, the distribution
of covariates of the ROW population is provided
as well.

Comparison of the covariate distributions between
the Japanese (including Korean and Taiwanese) and
the ROW populations suggests that most important
covariates are similar (Table 4). Gender was more
equally distributed in the JPN-5 study compared to the
other studies and the ROW population. The median
BMI was lower for Japanese, Korean, and Taiwanese
patients, ranging from 21.8 to 24.7 kg/m2, compared to
the ROW population (26.8 kg/m2). The distribution of
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Table 4. Demographic Characteristics of the Studies in Japanese,Korean, and Taiwanese Patients ComparedWith the Rest-of-World
Population

JPN-1 JPN-2 JPN-3 JPN-4 JPN-5 ROW12

Number of patients, n 26 56 76 153a 75b 198 1795
Sex, n (%)
Men 16

(62)
40
(71)

49
(64)

96
(63)

46
(61)

102
(52)

1152
(64)

Age (y)
Median (range) 46

(20-57)
49

(25-64)
48

(27-64)
44

(20-78)
49

(22-78)
43

(20-79)
42

(18-76)
Mean (SD) 42.4

(10.1)
47.4
(12.0)

46.2
(11.2)

45.8
(13.5)

50.7
(14.62)

45.5
(12.56)

41.0
(11.1)

Weight (kg)
Median (range) 64

(45-87)
64

(39-94)
65

(42; 99)
62

(35-120)
58

(35-120)
65

(33-103)
79.5

(39.5-236.8)
Mean (SD) 67.32

(10.62)
64.7

(10.10)
64.2

(13.64)
63.0

(14.27)
60.7

(16.02)
66.3

(14.01)
82.1
(19.8)

Height (cm)
Median (range) 164

(150-179)
166

(144-186)
165

(143-179)
164

(140-187)
162

(140-180)
163

(141-191)
172

(122-201)
Mean (SD) 164.10

(8.08)
165.0
(9.44)

164.0
(8.76)

163.3
(9.55)

161.4
(9.39)

162.9
(9.27)

171.8
(9.62)

Body mass index (kg/m2)
Median (range) 24.7

(17.8-34.5)
23.5

(17.7-32.9)
23.1

(17.2-35.6)
22.5

(15.9-39.1)
21.8

(15.9-39.1)
24.6

(14.3-37.2)
26.8

(16-69)
Mean (SD) 25.01

(3.77)
23.7
(2.8)

23.8
(4.36)

23.5
(4.44)

23.0
(4.70)

24.9
(4.50)

27.8
(6.23)

Creatinine clearance (mL/min)
Median (range) 115

(51.0-154)
110

(47.5-184)
100

(60.6-202)
103

(40.7-227)
99.7

(40.7-227)
116

(45.5-228)
111

(30.9-477)
Mean (SD) 116

(26.13)
111

(32.41)
105.4
(30.97)

105.9
(34.51)

104.1
(39.65)

119
(36.00)

116
(35.1)

JPN, study ID; ROW, rest-of-world.
aPopulation consisted of 75 Japanese, 31 Korean, and 47 Taiwanese patients.
bJapanese patients only; except for JPN-4, other Japanese studies included only Japanese; all patients were included in the pharmacokinetic analysis set
except for JPN-4 and JPN-5 studies wherein pharmacokinetic analysis was performed only in pharmacokinetic analysis set.The clinicaltrials.gov numbers
(NCT numbers) for each of the studies JPN-2, JPN-3, JPN-4 and JPN-5 were NCT01606254, NCT01942382, NCT01299389 and NCT01258920,
respectively. JPN-1 was not registered on ClinicalTrials.gov.

the key covariates in the Japanese trials was largely over-
lapping with the distribution for the ROW population.

Overlay plots comparing results from the Pop-PK
model-based simulations to the actual observed plasma
concentrations are presented in Figure 2A, 2B, 2C
(JPN-1 study), Figure 2D (JPN-4 study), and Figure 2E
(JPN-5 study). The VPCs for JPN-2 and JPN-3 stud-
ies are presented in supplementary online material
(Figure S1). The majority of the observations were
within the 90% prediction interval. For JPN-4 and
JPN-5 studies, 91.8% and 94.7% of the observations,
respectively, were within the 90% prediction interval.
However, there was a tendency toward overpredic-
tion for the 75 mg eq. gluteal treatment group from
study JPN-3 likely due to the small sample size
(Figure S1), which is not observed for the gluteal
injections at other doses (50 to 150 mg eq. from study

JPN-2; Figure S1). In addition, actual plasma con-
centrations among Japanese, Korean, and Taiwanese
patients were comparable (Figure 2D).

External Validation
The goodness-of-fit plots for the external validation
data sets from phase 3 studies JPN-4 and JPN-5
showed appropriate agreement between predicted
and observed plasma concentrations. The conditional
weighted residuals were randomly scattered across
the predicted concentration range and across time. A
density plot of conditional weighted residuals indi-
cated that the residuals are normally distributed, with
a mean of approximately zero. Overall, the diagnostic
plots for conditional weighted residuals indicate that
the historical model predicted the external data set
adequately (data not shown). The median %PE and
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Figure 2. Visual predictive checks for single and multiple doses of paliperidone palmitate across the entire dose range (25 to 150 mg
eq.). Study JPN-1: gluteal single doses of (A) 25 mg eq., (B) 50 mg eq., and (C) 150 mg eq. Study JPN-4 (D): deltoid injections of 150 mg
eq. on day 1 and of 100 mg eq. on day 8, 75 mg eq. deltoid or gluteal injections on days 36 and 64. Study JPN-5 (E): deltoid injections
of 150 mg eq. on day 1 and of 100 mg eq. on day 8, thereafter deltoid or gluteal injections every 4 weeks for up to 11 injections with
flexible dose of 25 to 150 mg eq. BQL, below quantification limit; eq., equivalent.

|%PE| (25th, 75th percentile) were 3.66 (–9.42, 15.73)
and 13.03 (6.07, 21.27) for JPN-4 and 2.39 (–9.38,
13.25) and 11.47 (5.64, 20.00) for the JPN-5 study,
respectively. The external validation statistics were
not computed for the JPN-1 to JPN-3 studies due to
the small sample sizes in these phase 1/2 studies (only
VPCs were done; data not shown).

Discussion
This article presents for the first time detailed phar-
macokinetic data for paliperidone following doses of
paliperidone palmitate in the Japanese population.
Moreover, the applicability of the historical Pop-PK
model for the data from Japanese, Korean, and Tai-
wanese patients with schizophrenia is described.

The comparison of pharmacokinetic parameters
after single and multiple intramuscular administration
in Japanese (JPN-1 and JPN-2) and non-Japanese

patients shows that paliperidone exposure in Japanese
patients was within the distribution of the ROW
population. In addition, plasma concentrations from
Japanese (studies JPN-3, JPN-4, and JPN-5) and
non-Japanese studies having a similar dosing regimen
were largely overlapping. After the fourth injection,
paliperidone exposure was about 25% higher and tmax

was reached earlier with deltoid compared to gluteal
administration. After the second injection, paliperi-
done exposure was about 45% higher for deltoid
injection than gluteal injection (JPN-3). This difference
was also observed in the ROW population, where the
deltoid over gluteal ratios of Cmax and AUC were 1.26
at the fourth injection and around 1.45 at the second
injection; that is, the difference in exposure between the
2 injection sites is smaller upon multiple dosing.12 The
comparability of actual plasma concentrations among
Japanese, Korean, and Taiwanese patients from the
JPN-4 study (Figure 2D) supports the appropriateness
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Figure 2. Continued.

of combining data from Korea and Taiwan with those
from Japan, along with Pop-PK analysis results, which
indicated the absence of a race effect on the pharma-
cokinetics of paliperidone palmitate. This is compara-
ble with oral paliperidone, which displays comparable
pharmacokinetics among Chinese, Japanese, and
white patients.20

Ethnic or racial differences in pharmacokinetics
are commonly observed with psychotropic drugs. For
instance, several studies indicate that Asians have
higher plasma concentrations of haloperidol and its
metabolite, and thus a reduced haloperidol dose is re-
quired than whites receiving the same dose.21–23 The
metabolism of haloperidol is mediated by cytochrome
P450 2D6, which is known to be polymorphic and
a number of distinct alleles have been found to ex-
hibit ethnic variation in their distribution. However,
such polymorphisms are not relevant for paliperi-
done because it is mainly excreted unchanged by
the kidneys.

The VPCs can be considered as being adequate
because the overlay plots comparing results from the

Pop-PK simulation to the actual observed plasma
concentrations show considerable similarity, and the
majority of the observations were within the 90% pre-
diction interval. The model was considered valid from
an accuracy and precision standpoint, as the observed
median %PE and |%PE| (25th, 75th percentile) were
well within the predefined cutoff values of within the
|15|% for median PE% and within the 30% for median
|PE|% based on the results of external validations for
the JPN-4 and JPN-5 studies. The distributions further
illustrate the suitability of the structural and covariate
components of the historical model.9 The historical
Pop-PK model predicted the pharmacokinetics in
Japanese, Korean, and Taiwanese patients adequately,
and the paliperidone pharmacokinetics after paliperi-
done palmitate intramuscular administration in these
patients were comparable with those in the ROW
population.

The covariates included in the analysis were injec-
tion site (gluteal or deltoid), needle length, sex, age,
creatinine clearance, BMI, and injection volume. The
Pop-PK analysis previously confirmed that patients
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with a higher BMI show slightly lower initial expo-
sure to paliperidone. To mitigate this effect the initia-
tion regimen is started with deltoid doses, and patients
with a higher BMI are administered the dose with a
longer 1.5-inch needle.13 More than half of the patients
with schizophrenia included in the ROW Pop-PK data
set were overweight, obese, or morbidly obese.9 How-
ever, the Asian population generally had a lower me-
dian BMI than the population in the ROW, and these
patients may therefore get the initiation doses with a
1-inch needle. The VPCs, together with the calculated
accuracy and precision, suggests that the Pop-PK
model, taking into account the BMI effect as a covari-
ate, is predictive for Japanese patients. However, as an
inherent limitation of VPC, differences between model-
predicted percentiles based on simulated (usually based
on large data sets) and observed data can occur with
small data sets included in the predictive check. For
example, there was underprediction for the 25 mg eq.
dose group that could be a result of the small data set
(n �8). In addition, the concentrations in the terminal
profile were censored due to samples being below the
LLOQ, and therefore there were very few observations
at the lowest predicted concentrations. By contrast, the
75 mg eq. gluteal treatment group from the JPN-3
study showed a trend toward overprediction, which was
not observed for the gluteal injections at other doses
(25 to 150 mg eq.).

In summary, the paliperidone pharmacokinetics
after single and multiple dose of paliperidone palmi-
tate in Japanese, Korean, and Taiwanese patients with
schizophrenia were comparable with those in the ROW
population. The historical Pop-PK model predicted
the external data sets from the Japanese studies ad-
equately, confirming the robustness of the Pop-PK
model. It can be concluded that, from a pharmacoki-
netic perspective, Japanese patients can be administered
with the same initiation and maintenance doses as the
ROW population.
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