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Abstract

Purpose The major aim of this multicenter retrospective
analysis was to examine the relationship between paliper-
idone serum concentrations and clinical effects in patients
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treated with this new antipsychotic drug. Intra-individual
variability in trough serum concentrations was also ana-
lyzed in patients under treatment with either the
paliperidone-extended release (ER) formulation or the
risperidone immediate-release formulation.

Methods Data were obtained from 217 patients of four
medical centers who were being followed by therapeutic
drug monitoring (TDM). Serum concentrations were asso-
ciated with clinical response using Clinical Global Impres-
sions (CGI) scores.

Results The mean concentration of paliperidone was 36+
25 ng/ml, and the mean dose corrected concentration (C/D)
was 4.7£2.9 ng/ml/mg. Among patients receiving paliper-
idone as antipsychotic monotherapy and who showed at
least a much improved level according to the CGI scores,
the 25th—75th percentiles of paliperidone concentrations
were 20-52 ng/ml; these were very similar to the
recommended therapeutic range of 20-60 ng/ml for
risperidone plus 9-hydroxy-risperidone (active moiety). In
13 patients treated with paliperidone ER and 17 patients
treated with risperidone, all of whom had repeated drug
measurements, the intra- and inter-individual variabilities of
trough serum concentrations were similar for the paliper-
idone and risperidone active moiety, ranging between 30
and 35%.

Conclusion Based on these results, we conclude that
risperidone and paliperidone have a similar therapeutic
range and similar intra-individual variability in terms of
trough serum levels. For treatment optimization, monitoring
of plasma concentrations may be as useful for paliperidone
as for risperidone.

Keywords Antipsychotic drug - Inter-individual variation -

Paliperidone - Pharmacokinetics - Risperidone - Therapeutic
drug monitoring - Trough serum concentrations
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Introduction

Paliperidone is an atypical antipsychotic drug [1, 2]. It is
identical to 9-hydroxyrisperidone, the pharmacologically
active metabolite of risperidone, and has a similar
pharmacological profile as risperidone, exhibiting high
affinities for the dopamine D, and the serotonin 5-HT,
receptor [3, 4]. Paliperidone has been made commercially
available as a new antipsychotic treatment option in an
extended-release (ER) formulation using OROS technolo-
gy from ALZA Corp (Vacaville, CA). This delivery profile
allows treatment to be started with therapeutically effec-
tive doses without the need of initial dose-escalation for
acceptable tolerability. The administration of paliperidone
ER results in small 24-h peak-to-trough fluctuations in
paliperidone plasma concentrations at steady state [5],
thereby avoiding the rapid raise and fall in concentrations
characteristic for immediate-release oral formulations.
Since paliperidone does not undergo significant hepatic
metabolism [6], it is also well tolerated by patients with
poor hepatic function, and it is not susceptible to
metabolic drug interactions.

Studies on the pharmacokinetics of risperidone have
revealed large inter-individual variation in the concentra-
tions of the active moiety risperidone plus 9-
hdroxyrisperidone [7]. Since the response to antipsychotic
drugs needs sufficient D, receptor blockade, which corre-
lates well with the plasma concentrations of most anti-
psychotics [8], the efficacy and tolerability can be improved
by therapeutic drug monitoring (TDM). For risperidone, it
has been reported that concentrations of the active moiety
of 20-60 ng/ml should be attained for optimal clinical
outcome [9]. Because of almost identical pharmacodynamic
profiles, the therapeutic range of paliperidone is expected to
be identical to that of the risperidone active moiety. Data
from patients which verify or refute this assumption,
however, are lacking to date. The constant delivery
formulation of paliperidone has a positive impact on peak-
to-trough fluctuations which may lead to a better tolerabil-
ity and possibly explain why the usual daily doses of
paliperidone are 6-9 mg and thus higher than those for
risperidone (4—6 mg). It may also be expected that intra-
and inter-individual variations in drug concentrations in the
blood are less pronounced in patients taking paliperidone
ER than in those given risperidone.

In the study reported here, we analyzed serum trough
concentrations of paliperidone in patients treated with
paliperidone in association with clinical effects and com-
pared the drug concentrations with those reported in the
literature for risperidone [10, 11]. For comparison, we also
analyzed intra-individual variability in the trough serum
concentrations in patients being treated with either the
paliperidone ER formulation or risperidone.

@ Springer

Subjects and methods
Subjects

Data were obtained from patients of four psychiatric
hospitals (Mainz, Munich, Regensburg, and Wiirzburg)
between 2007 and 2009. Serum concentrations of paliper-
idone were recorded for treatment optimization by TDM.
Blood was drawn under steady state conditions, namely,
from patients who had been treated with paliperidone for at
least 5 days, in the morning before the first dose of the day.

This naturalistic study was carried out in accordance
with current German law (PsychKG), and retrospective
analysis of TDM data was approved by the local Ethics
Committee.

The Clinical Global Impressions (CGI) scale [item one,
1-8 points, for severity (CGI-S); item two, 1-5 points, for
improvement (CGI-I)] was used to assess the patient’s state
[12]. Side effects were assessed using a modified UKU
scale [13]. The CGI and UKU scores were rated on the day
of blood sampling and entered into the request form for the
TDM measurements [9].

Analysis of serum paliperidone and risperidone
concentrations

Drug measurements were performed in four different
laboratories of the TDM group of the Arbeitsgemeinschaft
fiir Neuropsychopharmakologie und Pharmakopsychiatrie
(AGNP, see: www.agnp.de). All four laboratories used
chromatographic methods, and all were continuously
checked using internal and external quality assurance
programs to attain comparable results. The assay specifica-
tions, precision, accuracy, limit of detection, and linearity
were similar in the different laboratories. Risperidone and
paliperidone were determined by established high-
performance liquid chromatography methods [14, 15]. For
these assays, the inter- and intra-coefficients of variance
were <15%. The limit of detection was about 2 ng/ml for
both risperidone and paliperidone [14]. The quality of the
analyses was controlled by participation in an external
quality control program to assure similar results in different
laboratories.

Statistical analysis

Data were given as arithmetic means with the
corresponding standard deviation (SD). The inter- and
intra-individual variabilities were given as the percentage
coefficient of variance (CV%) which was based on a
minimum of three measurements. The Pearson correlation
was used to determine the relationship between the daily
dose of paliperidone, therapy improvement according to
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Fig. 1 Box plot of the correlation of paliperidone serum concen-
trations with the given dose

CGI-1, and the measured serum concentrations. Student’s
t-test and the Mann—Whitney U test were used to determine
statistical significance between groups.

Results

For paliperidone, we analyzed a total of 303 blood
samples obtained from 217 psychiatric patients at four
psychiatric hospitals (Mainz, n=100; Regensburg, n=77;
Wiirzburg, n=30; Munich, n=10). Among the 217
patients, 106 (48.8%) were receiving paliperidone as
antipsychotic monotherapy. We used the first measurement
under steady state conditions for each patient. Complete
information on treatment efficacy and co-medication was
available for each patient.

According to the International Classification of Dis-
eases, Tenth Edition (World Health Organization, I[CD-10),
most of our patients suffered from schizophrenia spectrum
psychoses (67.4%), with 16.4% suffering from a schizo-
affective disorder, 5.2% from a bipolar affective disorder,
6.1% from depression, and 3.8% from other psychiatric
disorders. The patient cohort comprised 54% males and
46% females, with a mean age of 38.1+12.3 (range 18-89)
years.

The patients were, on average, markedly ill [CGI-S
(mean + SD) 5.940.9] and showed highly variable responses
to paliperidone treatment (CGI-I 2.6+1.0). The average
number of additional medications administered to each patient
was 2.4+2.0 (range 0-8 concomitant medication).

The oral daily dose of paliperidone ranged between 3
and 18 mg/day, and the mean daily dose was 7.8+2.9 mg/
day, which yielded a mean paliperidone serum concentra-
tion of 35.7+25.2 ng/ml (range 0-213 ng/ml; 25th—75th
percentiles 19.5-46.0 ng/ml). The mean dose-corrected
paliperidone concentration (C/D, concentration/dose ratio)

was 4.7+2.9 ng/ml/mg. The dose-dependent serum con-
centrations are shown as box plots in Fig. 1. The Pearson
correlation between the prescribed daily dose and resulting
serum concentrations was r*=0.452 (p<0.001).

The mean serum concentration of paliperidone was 35+
29 ng/ml (25th—75th percentiles 18—44 ng/ml) in the 106
patients receiving paliperidone as antipsychotic monother-
apy. Among the 63 patients for whom GCI scores of
improvement were known, 32 were very much or much
improved (Fig. 2). The mean paliperidone serum concen-
tration of these patients was 43+39 ng/ml (25th—75th
percentiles 20-52 ng/ml). Among patients who showed
minimal or no improvement (n=31), the mean paliperidone
serum concentration was 33+24 ng/ml (25th—75th percen-
tiles 19-41 ng/ml). Co-medications in patients receiving
antipsychotic monotherapy with paliperidone included
antidepressants (27%), mood stabilizers (17%), anxiolytic
or hypnotic drugs (31%), or non-psychiatric drugs (38%).
Drugs with an inhibiting or inducing potential on the
cytochrome P450 3A4 (CYP3A4) isoenzyme, which is
involved to some extent in the metabolism of paliperidone,
were not present.

Analysis of the complete patient sample for side effects
revealed that more than half of the patients (62.3%) were
free from side effects according to the physician’s report
(UKU scale), with 28% developing mild adverse events,
8.5% moderate adverse events, and 1.5% severe adverse
events. The most frequently reported adverse events were
somnolence (18.9%), extrapyramidal disorder (16.8%), and
agitation (3.2%). There was no observable correlation
between dose or serum concentrations of paliperidone and
side effects (Fig. 3).
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Fig. 2 Box plot of therapeutic improvement according to the Clinical
Global Impressions scale on improvement (CGI-I) and paliperidone
serum concentrations in 63 patients who were receiving paliperidone
as antipsychotic monotherapy

@ Springer



800

Eur J Clin Pharmacol (2010) 66:797-803

200 1
150

100

T

Paliperidone serum concentration [ng/ml]

50
S E— 1
E— | —
1 L
o 1
no side effect mild moderate severe
n=81 n=36 n=11 n=2

Side effects according to UKU
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In a separate analysis, we compared patient intra- and
inter-individual variabilities in paliperidone serum concen-
trations with those of patients treated with risperidone using
data from a single medical center (Mainz). A total of 30
patients were included in this analysis, 13 of whom
received paliperidone and 17 risperidone. A mean of 4.3+
1.5 (range: 3—8) measurements were made on each patient,
and a total of 134 samples were analyzed. Of this group of
40 patients, 45% were male and 55% female, and the mean
age was 39.4+10.6 years (Table 1). We found no significant
differences between the coefficients of variance of serum

concentrations. Intra-individual variability was 35+15% for
paliperidone and 32+19% for the risperidone active moiety
(Table 1).

Discussion

In this study we analyzed paliperidone serum concentrations
in psychiatric patients treated with paliperidone, and we
compared variabilities in the trough serum levels in patients
receiving either paliperidone or risperidone as antipsychotic
therapy. In patients receiving paliperidone as antipsychotic
monotherapy and showing at least a much improvement
level (according to the CGI-I scale), the 25th—75th percen-
tiles of paliperidone serum levels were 20-52 ng/ml. This
range was almost identical with the recommended optimal
plasma concentration of 20-60 ng/ml for the risperidone
active moiety [9]. The intra-individual variabilities of trough
serum concentrations were similar for paliperidone and
risperidone plus 9-hydroxyrisperidone. The concentrations
of risperidone and 9-hydroxyrisperidone measured in these
patients are very similar to those reported previously by
other investigators [15, 16].

Regarding the similar intra-individual variability in
serum concentrations of paliperidone and risperidone, it
should be noted that TDM measures trough levels. The ER
formulation of paliperidone reduces the peak-to-trough
fluctuations of drug concentrations in blood under steady
state conditions [5]. According to the summary of product

Table 1 Mean + SD doses (mg) and drug concentrations (ng/ml) and intra-individual coefficients of variance (CV%) in patients treated under
naturalistic conditions with either paliperidone or risperidone who were supervised by repeated therapeutic drug monitoring

Variable Paliperidone mean + SD Risperidone mean + SD p value
Number of patients 13 17 -
Daily dose (mg/day) 9.1+2.2 5.1£2.3 0.000"
Number of samples per patient taken for TDM 4.2+1.7; range 3-8; median 3 4.4+1.3; range 3—7; median 4 NS®
Age (years) 37.1+£12.4 41.1+8.9 NS?*
Number of dose changes 1.0 £ 0.7; range 1-2; median 1 1.5 + 1.4; range 0—4; median 1 NsP
Gender (% male) 58 35 NS®
Total serum concentration (ng/ml) 54.8+38.6 31.6+£14.4 NS®
Dose-corrected serum concentration (ng/ml/mg) 6.2+4.1 7.1£3.0 NsP
Dose and weight-corrected serum concentration 5.0£3.6 6.5+3.1 NSP
[(ng/ml/mg)/weight x 70 kg]

CV% of total serum concentration (ng/ml) 32.2 33.8 NSP
CV% of dose-corrected serum concentration (ng/ml/mg) 34.6 324 NSP
CV% of weight and dose-corrected serum concentration 30.3 324 NSP

((ng/ml/mg) /weight x 70 kg)

TDM, Therapeutic drug monitoring; CV%, coefficients of variance; NS, not significant

Where appropriate, values are given as the mean + standard deviation

a1 test

b Mann—Whitney U test
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characteristics (SPC), the peak—trough fluctuation index is
38% for paliperidone and 125% for the immediate-release
formulation of risperidone [17]. Flattening of the pharma-
cokinetic profile can be obtained by decreasing peak
levels, by increasing trough levels, or by both. Our
measurements conducted under the naturalistic conditions
of the TDM survey indicate that an increase in trough
levels was unlikely since dose- and weight-corrected
trough concentrations of paliperidone and risperidone plus
the active metabolite were similar in patients receiving the
ER formulation of paliperidone or the immediate-release
formulation of risperidone. This result is consistent with
data from a pharmacokinetic study on five healthy male
subjects [6]. Moreover, a pharmacokinetic characterization
of OROS and immediate-release amitriptyline has shown
that acute doses of the OROS formulation affect primarily
peak concentrations without affecting the elimination half-
life of the antidepressant drug [18]. Similarly, our data
provide evidence that steady state trough concentrations of
paliperidone and risperidone are controlled by the meta-
bolic and secretory capacities of the liver and the kidney—
but not by the formulations of the drugs. In both drugs, the
CYP3A4 isoenzyme is involved in the metabolic pathways
[19]. For risperidone, CYP2D6 plays the predominant role
in the formation of 9-hydroxyrisperidone [20]. Since
CYP2D6 activity can be compromised due to a genetic
deficiency or co-medication with a CYP2D6 inhibitor, the
variability in plasma concentrations should be higher for
risperidone than for paliperidone. However, when the
“active moiety” of risperidone is taken into consideration
and its elimination is compared with that of paliperidone,
CYP2D6 becomes of minor importance [6] as concen-
trations of the active moiety of risperidone are not
significantly different in individuals with an active or
inactive CYP2D6 isoenzyme, respectively [21]. Another
factor that contributes to pharmacokinetic variability of the
two drugs is the efflux transporter P-glycoprotein (P-gp),
which is expressed in several organs, especially in the
intestinal epithelia and in the blood-brain barrier. Both
risperidone and 9-hdroxyrisperidone/paliperidone are sub-
strates of P-gp [22-24]. The expression of P-gp may vary
due to genetic abnormalities and from inhibition or
induction by co-medications. The unlikelihood of
CYP3A4 and P-gp differing in their contribution to the
elimination of either risperidone or paliperidone [17]
provides a good explanation for why our observed
variabilities in drug concentrations were not different for
the two drugs.

In patients who were very much or much improved
according to the CGlI-score, the 25th—75th percentiles of
paliperidone serum levels were 20-52 ng/ml. In an
earlier TDM study on amisulpride, we defined patients
with at least a level of much improvement as “res-

ponders” and thus calculated optimal plasma concen-
trations of amisulpride based on clinical effects [25]. In
this study, however, the power of our data was not
sufficient to evaluate a therapeutic range for paliperidone.
Nevertheless, the 25th—75th percentile range of serum
levels was found to be similar to the clinically defined
optimal target range (20-52 ng/ml) and thus was very
similar to the therapeutic range reported for the sum of
concentrations of risperidone plus 9-hydroxyrisperidone
(20-60 ng/ml) [9]. This observation suggests that paliper-
idone and risperidone exhibit similar optimal serum
concentrations. The 20-60 ng/ml range can be considered
as a preliminary target range of paliperidone when
applying TDM for treatment optimization and is slightly
higher than the one derived from a recent positron
emission tomography (PET) study with paliperidone
[26]. In that study, paliperidone serum concentrations in
the range between 16 and 27 ng/ml led to 65-80% striatal
dopamine D, receptor occupancy, which is the D,
occupancy range considered to be optimal for antipsy-
chotic treatment [27-29]. PET studies on patients receiv-
ing risperidone also suggest that optimal (striatal) D,
receptor occupancy levels are achieved with serum
concentrations of approximately 15-40 ng/ml [8, 30] or
probably somewhat higher [31]. The striatal median
effective dose (EDsg) values calculated from PET studies
are surprisingly similar for paliperidone (6.65 ng/ml) [26]
and the risperidone active moiety (6.87 ng/ml) [30], which
supports the view that the relationship between serum
levels and D, receptor occupancy is very similar for both
compounds. Further PET studies on the relationship
between serum levels, brain receptor occupancy, clinical
effects, and side effects in larger patient samples are
needed to resolve the slight discrepancies between the
optimal therapeutic ranges suggested by PET studies and
TDM surveys, respectively.

The side effects observed in our study were not
significantly related to the doses or serum concentrations
of paliperidone. This lack of correlation may be explained
by the small number of patients. Side effects occurred only
in a limited number of patients which reduces the power of
the statistical analysis.

Our approach used a retrospective analysis of data
without a fixed dose design, as we considered the latter to
be the optimal approach to define therapeutic concen-
trations of a drug [9]. Therefore, this study has a number
of limitations. Data were obtained from routine TDM
surveys. Data on clinical improvement or side effects were
missing for a significant number of patients and, therefore,
the total number of patients who could be used in the
various pharmacokinetic and pharmacodynamic analyses
differed. The patients included for analysis were real life
patients. As such, they were treated under naturalistic
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conditions which allowed co-medications which also
affected clinical outcomes. The treatment duration of each
patient receiving paliperidone as medication was not
standardized. Variability due to pharmacokinetic interfer-
ences would seem to be unlikely since the data did not
include patients under co-medications that may have given
rise to interaction, namely, inducers or inhibitors of
CYP3A4. Despite the marked limitations of our experi-
mental conditions, the two antipsychotic drugs paliper-
idone and risperidone behaved in a rather similar manner
in terms of the serum concentrations considered to be
optimal when using TDM for dose optimization. A
similarity was also observed for the variability of the
trough levels of the drugs. We suggest that the clinically
relevant differences between medication with paliperidone
or risperidone, which differ in galenic formulation and
phase-I metabolism, are likely attributable to the phase of
absorption rather than to the phase of elimination of the
drugs. Based on these results, we conclude that TDM is
useful for treatment optimization of patients with paliper-
idone. The target range of 20-60 ng/ml recommended for
risperidone [9] seems likely to be the target plasma
concentration for paliperidone as well.
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