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Abstract: Risperidone is metabolized by polymorphic enzymes, and
a large variability in plasma concentration and therapeutic response is
observed. Risperidone long-acting injection (RLAI) avoids the first-pass
effect, and little is known about the influence of gene polymorphisms
involved in its pharmacokinetics. The influence on plasma concentra-
tions of risperidone (RIS), its metabolite 9-hydroxy-risperidone, and
on adverse effects were investigated for polymorphisms of cytochrome
P450 2D6 (CYP2D6) (*3, *4, *5, *6), CYP34 (CYP344*1B, CYP3A44
rs4646437, CYP3A5*3, CYP3A7*1C), ABCBI (1236C>T, 2677G>T,
3435C>T), NRI1/2 coding for pregnane X receptor (rs/523130,
1s2472677, rs7643645), and for CYP3A activity measured by a phe-
notyping test. Forty-two patients with at least 4 consecutive unchanged
doses of RLAI were included in a multicenter cross-sectional study.
A 55% lower dose-adjusted plasma levels of RIS were observed for
CYP2D6 ultrarapid metabolizers (n = 5) as compared with CYP2D6 inter-
mediate metabolizers (P < 0.007). NR1/2 polymorphism (rs76436454>G)
influenced RIS exposure with a 2.8-fold lower active moiety (P = 0.031)
in GG compared with the AA genotype. This was confirmed in a second
independent cohort (n = 16). Furthermore, high-density lipoprotein
cholesterol was positively correlated with CYP3A activity (P = 0.01),
and the NR1/2 (rs2472677) polymorphism was associated with different
adverse effects including prolactin plasma levels adjusted for age and
sex. In conclusion, our results confirmed the influence of CYP2D6 ge-
notype on plasma levels of RIS. This is the first report on the influence
of NR1/2 polymorphisms on RLAI exposure and on drug-induced ad-
verse effects. These results should be validated in larger cohorts.
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he atypical antipsychotic risperidone (RIS) is metabo-

lized in the organism into its main metabolite 9-hydroxy-
risperidone (OHRIS), both substances contributing to the
pharmacological activity, their sum being called “active moiety.”
Risperidone produces a relatively low incidence of extrapyra-
midal symptoms (EPSs) at low doses. However, a relationship
between occurrence of parkinsonian adverse effects and plasma
levels of RIS and OHRIS has been reported,' and RIS produces
dose-related increases in plasma prolactin levels both in men
and women.?

Several in vitro and in vivo studies showed that the enzyme
cytochrome P450 2D6 (CYP2D6) and, to a lesser extent,
CYP3A play a major role in the metabolism of RIS to OHRIS >
Thus, concomitant administration of CYP2D6 inhibitors such
as paroxetine or fluoxetine significantly increases RIS plasma
concentration.>* Such an increase of the RIS/OHRIS ratio in
plasma following the administration of CYP2D6 inhibitor does
not necessarily result in an increase of adverse effects® but
could be a risk factor, as suggested by the appearance of par-
kinsonian symptoms in 1 patient 2 weeks after the introduction
of 20 mg/d of paroxetine and an important increase of the ac-
tive moiety plasma levels.* In vivo, the CYP3A inhibitor itra-
conazole increases, whereas the CYP3A inducers carbamazepine
and rifampicin reduce the plasma concentrations of RIS, OHRIS,
and of the active moiety.>~’

Accordingly, several studies have shown that the poly-
morphism of CYP2D6 gene, leading to different metabolism
activity, significantly contributes to the wide interindividual vari-
ability of RIS and OHRIS plasma concentrations on the same
oral dose.®° With regard to the metabolism by CYP3A, a term
that in humans reflects the collective activity of CYP3A4,
CYP3AS, and CYP3A7, the large interindividual variability of
these isoforms is poorly determined by genotyping procedures
and is presently better assessed by a phenotyping test using, for
example, midazolam as probe.'® To our knowledge, no study
has ever attempted to determine if, and to what extent, the in-
terindividual variability of CYP3A activity as measured by a
phenotyping test, could contribute to the interindividual vari-
ability of RIS and OHRIS plasma levels.

Besides CYP2D6 and CYP3A, RIS is a substrate of the
drug efflux transporter P-glycoprotein (P-gp) encoded by the
ABCBI gene. It has been shown that the single-nucleotide poly-
morphisms (SNPs) of ABCBI (C3435T and G2677T/A4) do not
influence the steady-state plasma concentrations of RIS and
OHRIS after the oral intake of 3 mg/d of RIS.!' However, as
P-gp is expressed at the blood-brain barrier, it has been suggested
that this protein plays a much more important role in modulat-
ing drug concentrations in the brain than in the plasma.!?
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In addition, attention has been recently drawn to modula-
tors of gene expression in phases I and II metabolism and in
drug transport. Pregnane X receptor (PxR) encoded by NR1/2
gene mediates induction of several drug detoxification genes
including CYP344/5 and ABCBI.'>'* NRI/2 mRNA is pre-
dominantly expressed in the intestine, liver, and kidney, and
NRI/2 is activated by many endogenous and exogenous li-
gands.!3> NR1/2 SNPs in promoter and intron 1 have been as-
sociated with alteration of CYP3A activity in vitro, the most
consistent results being found for SNPs rs1523130, rs2472677,
and rs7643645.15

Risperidone is also available as a long-acting depot formu-
lation (Risperdal Consta; Janssen-Cilag, Baar, Switzerland), with
a recommended injection every 2 weeks. The long-acting depot
preparations bypass the deactivating process of the intestines
and of the liver, which has been reported to lead to more pre-
dictable and stable drug plasma concentration.'® There is lim-
ited information on influence of genetic factors on RIS
long-acting injectable (RLAI) form as well as on its pharmaco-
kinetics. One study showed a lower active moiety level in a
patient taking RLAI and carbamazepine, a CYP3A inducer, com-
pared with other patients receiving the same RLAI dose.!” In ad-
dition, we reported a case of rapid RIS elimination in 1 patient
necessitating a very high dosage of RLAI (125 mg/2 weeks) be-
fore obtaining a substantial improvement of his clinical state.!®
Moreover, it is possible that changing from oral to RLAI may
be associated with higher RIS/OHRIS ratios, which might be a
clinically relevant issue.!® This highlights the need for a better
understanding of the in vivo influence of genetic and environ-
mental factors on RIS and OHRIS plasma levels after injection
of RIS depot.

The major aim of this study was to analyze the influence
of gene polymorphisms linked to RIS metabolism and trans-
port (genotyping of CYP2D6, CYP3A, ABCB1, NR1/2, and phe-
notyping of CYP3A) in a group of patients receiving RLAI in
steady-state conditions.

MATERIALS AND METHODS

Subjects and Study Design

All the patients between 18 and 65 years old presenting
with a psychotic disorder based on International Classification
of Diseases, 10th Revision criteria and receiving RLAI were
screened from February 2007 to December 2009. Because preg-
nancy was an exclusion criterion, a pregnancy test was per-
formed at day O before inclusion of women of childbearing
age. No change in the dosage of the comedications was allowed
for at least 1 week before inclusion in the study (2 months
for fluoxetine), and RLAI has been administered for at least
2 months (4 injections) at constant dose. At inclusion, patients
had no history of substance dependence, organic psychiatric
illness, or uncontrolled medical illness and were not taking
oral RIS. Complete inclusion comprised a visit on the day of
RIS depot injection (day 0) and 7 days later (day 7). No fasting
period was required.

This naturalistic cross-sectional study was conducted in
4 psychiatric centers in Switzerland (Lausanne, Geneva,
Konigsfelden, Marsens) and was approved by the respective
ethics committees as well as by the Swiss Agency for Thera-
peutic Products (Swissmedic). The study was performed ac-
cording to the Good Clinical Practices, and written informed
consent was obtained from all patients.

Patients with RLAI plasma levels from 2 independent clin-
ical studies, which were approved by their respective ethics
committee (of Geneva and Lausanne University hospitals), were
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evaluated to replicate the positive findings found for the NR1/2
gene (called hereafter replication group). Written informed
consent was given by all subjects. Blood samplings were per-
formed at the end of the dosing interval (ie, 14 days after the
injection) + 3 days (3 patients at day 11, 1 at day 12, 1 at day 13,
11 at day 14).

Measurements

Somatic disorders, comedications, and clinical variables
were recorded from medical files. Subjects were asked to re-
port any change in their medication or lifestyle during the
study. The year of onset of psychiatric disorder was found in the
medical files; otherwise, an estimation was given by the pa-
tients. An evaluation of the global illness severity was per-
formed using the Clinical Global Impression Scale (CGI Scale
from 1 to 7, with 7 being the most severe presentation).?’ Ex-
trapyramidal adverse effects were assessed by the Simpson-
Angus Scale (SAS), scored from 0 to 40, with an SAS score
below 3 being reported as normal.?! Furthermore, spontaneous
self-reported adverse events and adverse effects were also col-
lected. All investigators involved in the rating scales assess-
ments were trained before recruitment to minimize interrater
variability.

Risperidone and OHRIS plasma concentrations, CYP3A
activity, and prolactin levels were measured at days 0 and 7,
whereas total cholesterol (CHOLtot) and high-density lipopro-
tein (HDL) cholesterol were measured at day 0. Quantification
of RIS and OHRIS plasma levels was performed using high-
performance liquid chromatography—mass spectrometry in the
positive ESI mode (Agilent Series 1100 MSD Single Quadru-
pole; Agilent Technologies, Geneva, Switzerland; unpublished
method, detailed method available on request). Briefly, a liquid-
liquid extraction step was performed before injecting the ex-
tract into a C18 Nucleosil column (EC 125/2 Nucleosil 100-5;
Macherey-Nagel, Oensingen, Switzerland) using a mobile phase
containing 35% tetrahydrofuran, 65% ammonium nitrate 4 mM,
and 1.5% methanol. Intraday and interday coefficients of vari-
ation were between 1% and 3% for the determination of RIS and
OHRIS. The low limit of quantification was 0.1 and 0.2 ng/mL
for RIS and OHRIS, respectively. External quality controls (LGC
Standards Proficiency Testing, Lancashire, UK) were success-
fully quantified since the analytical procedure validation. The
active moiety and the RIS/OHRIS ratio were calculated for
days 0 and 7.

Total cholesterol and HDL cholesterol levels were quan-
tified by a Cobas Integra 400 (Roche Diagnostic, Basel,
Switzerland). Prolactin levels were quantified by immunoassay
on an Abbott Axsym system (Abbott, Wiesbaden, Germany).
High CHOLtot levels were defined as 6.2 mmol/L or greater,
and normal HDL levels as 1.3 mmol/L or greater for women
and as 1.0 mmol/L or greater for men.?? Dyslipidemia was de-
fined as a concentration of CHOLtot and/or HDL outside the
limits, and/or when cholesterol-lowering drug is prescribed.
High level of prolactin was defined as 50 ng/mL or greater for
women and as 40 ng/mL or greater for men, which represents
twice the threshold for normal values.?> Body mass index (BMI%
is defined as body weight / height® (kg/m?), and BMI of 30 kg/m
or greater is considered as obese. An increase of at least 10% of
the baseline weight was considered as a relevant weight gain.

For CYP3A phenotyping analyses, an oral microdose (75 pug)
of midazolam was given 30 minutes before the blood sample col-
lection. The midazolam, and its metabolite, 1-hydroxymidazolam,
plasma levels were measured by gas chromatography—mass spec-
trometry, as described previously.>* The 1-hydroxymidazolam/
midazolam ratio (MR), a marker of CYP3A activity,'®?* was
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TABLE 1. Clinical Characteristics of the Patients and of the Replication Group

Variables Patients Replication Group
n 42 16
Sex, male n (%) 30 (71) 13 (81)
Age, y Median (range) 35 (18-63) 36 (21-63)
Ethnic group

Caucasian n (%) 32 (76) 10 (62)

African n (%) 7(17) 3(19)

Other groups n (%) 3(7) 3(19)
Psychiatric diagnosis (/CD-10)

Schizoaffective disorder (F25) n (%) 8 (19) —

Schizophrenia (F20) n (%) 34 (81) —
Psychiatric disorder duration,* y Median (range) 9 (1-42) —
Prolactin, ng/mL Median (range) 33 (11-271) —

High prolactinf n (%) 17 (40) —
BMI, kg/m?

Initial BMI§
Current BMI

Median (range)
Median (range)

Cardiovascular risks§

Initial prevalence of obesity] n (%)
Current prevalence of obesity n (%)
Smoker n (%)
CHOLtot, mmol/L Median (range)
High CHOLtot n (%)
HDL cholesterol, mmol/L Median (range)

Low HDL cholesterol n (%)
RLAI duration, mo Median (range)
RLAI dose, mg/2 wk Median (range)

24.8 (16.9-36.3) —
27.1 (18.0-39.9) 27.8 (23.5-33.6)

9 (23) —
11 (26) 4(27)
34 (81) 11 (69)
4.8 (1.2-9.6) —
6 (14) —
1.2 (0.6-2.4) —
14 33) —
8.5 (2-78) 12 (3-45)
37.5 (25-75) 38 (25-100)

Note that BMI data are available for n = 15 in replication group.

*Time duration from the first psychiatric episode to the inclusion in the study.

+High prolactin is considered as prolactin of greater than 50 ng/mL for women and greater than 40 ng/mL for men.
iBefore RLAI treatment initiation (data available for n = 39). All variables without { indicated data at inclusion in the study.

§Patient is considered as obese when BMI if 30 kg/m? or greater; CHOLtot 6.2 mmol/L or greater and HDL cholesterol less than 1 mmol/L
for men and les than 1.3 mmol/L for women are considered as cardiovascular risk factors.

ICD-10 indicates International Classification of Diseases, 10th Revision.

calculated for all subjects. A weak CYP3A activity was defined
as MR of less than 1.9, and an extensive activity as MR of 1.9
or greater.?’

Genomic DNA was extracted from the EDTA blood sam-
ples using the FlexiGene DNA Kit (Qiagen, Hombrechtikon,
Switzerland). Single-nucleotide polymorphisms selected from
literature were analyzed by real-time polymerase chain reaction
(PCR) with the 5-nuclease allelic discrimination assays ac-
cording to previous studies or according to the manufacturer’s
instructions (ABI PRISM 7000 Sequence Detection System;
Applied Biosystems, Rotkreuz, Switzerland).!® The following
SNPs were analyzed: CYP2D6: allele *3, *4, *5, *6; CYP3A4*1B
(rs776746), CYP3A4 rs4646437, CYP3A5*3 (rs776746),
CYP3A7*1C (defined by the —262T7>4, —270T>G), ABCBI:
3435C>T (rs1045642), 2677 G>T (rs2032582), 1236C>T
(rs1128503); NR1/2: rs1523130, rs2472677, and rs7643645.
The CYP2D6 *XN gene duplication was analyzed by long
PCR. Patients were classified as CYP2D6 poor (PM), inter-
mediate (IM), extensive (EM), or ultrarapid (UM) metabolizer
according to the number of functional alleles or gene duplica-
tion (www.cypalleles.ki.se). All reagents were purchased from
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Applied Biosystems. Internal quality control samples of known
genotype were included in all analyses.

Statistical Analysis

Pharmacokinetics Variability and Associated Factors

The nonparametric Kruskal-Wallis and Wilcoxon/Mann-
Whitney rank tests were used to assess at each time point the
association between RIS, OHRIS, the active moiety plasma
levels normalized by the dose (hereafter called dose-adjusted
plasma levels), and RIS/OHRIS ratio with the studied geno-
types and sex, whereas Spearman rank correlation coefficient
(rs) were used to analyze their association with age.

Pharmacodynamics Variability and Associated
Factors

The association of CGI and SAS scores, weight gain, and
CHOLtot, HDL, and prolactin levels with (i) the drug plasma
levels, (ii) age, and (iii) RIS doses were assessed by Spearman
rank correlation coefficient and with (iv) sex and (v) selected
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SNPs by Kruskal-Wallis and Wilcoxon/Mann-Whitney rank
tests. Incidences of extrapyramidal adverse effect, dyslipidemia,
and of elevated prolactin plasma levels were compared between
genotypes and clinical variables by Pearson x> test.

To take into account the 2 time points, a mixed-effect linear
regression adjusted for age and sex was performed, and the
validity of the model was assessed by graphical residual diag-
nostics. Measurements are given as median and interquartile
range (IQR) or mean (SD) for results obtained from the fitted
mixed model, unless otherwise indicated. The effect sizes were
calculated at day 0 using Cohen d, which is the difference be-
tween means divided by the pooled SD. In case of more than
2 groups, the double mutated versus the wild-type genotype or
the CYP2D6 IM versus the UM genotype was considered.

Concomitant drugs that could modify the studied param-
eters were taken into account, including strong or moderate
inhibitors of CYP3A and CYP2D6, CYP3A inducers, drugs
causing weight gain, lipid-lowering agents, and anticholinergic
agents,?® as well as relevant clinical variables (ie, age, sex).
Patients receiving a strong CYP2D6 inhibitor were defined as
CYP2D6 PM. The allele frequencies are reported with their
95% confidence interval (95% CI) calculated by the adjusted
Wald method. The SNPs were tested for Hardy-Weinberg equi-
librium using the genhwi command of Stata. Linkage disequilib-
rium was calculated using 7* parameter. The statistical analyses
were performed using Stata 11 (StataCorp, College Station,
TX). All tests were 2-sided, and P < 0.05 was considered sta-
tistically significant.

RESULTS

Patient Characteristics

Table 1 shows patient clinical characteristics. Sixty-seven
patients receiving RLAI were screened for inclusion (15 re-
fusals to participate, 10 not meeting all inclusion criteria). The
present results are based on 42 patients. Because of a possible
intake of an oral dose of RIS at day 0, data for 1 patient were
considered only at day 7. The second independent group orig-
inally included 28 RLAI patients, among them 16 patients met
the inclusion criteria and were incorporated to test result repli-
cation (Table 1, replication group). No data were available on
SAS score and prolactin levels in the replication group.

Genotype Frequencies

Genotype frequencies and Caucasian linkage disequilib-
rium are presented in Table 2. The observed allele frequencies
in Caucasians (n = 32) are in line with reported results.!*27 All
studied SNPs were in Hardy-Weinberg equilibrium (P > 0.05).
Arbitrarily, 1 patient with the CYP2D6*4/*XN genotype was
classified as an IM. No associations were found for the hap-
lotypes of ABCBI, CYP34, and NR1/2 with RIS exposure or
clinical responses (data not shown).

Pharmacokinetic Variability and
Associated Factors

Plasma Concentration

Five patients received one of the following CYP2D6 in-
hibitors: weak inhibitors (citalopram n = 1, escitalopram n = 2)
and strong inhibitors (paroxetine n = 1 and levomepromazine n=1).
The strong CYP3A inhibitor grapefruit juice was taken by 2
(day 0) and 1 patient (day 7), respectively. No CYP3A inducers
were prescribed. Table 3 shows the median (IQR) RIS, OHRIS,
and active moiety plasma concentrations. Risperidone doses
were significantly correlated with plasma levels of RIS, OHRIS,

© 2013 Lippincott Williams & Wilkins

and the active moiety, both at days 0 and 7 (data not shown),
as previously reported.!”-?® The dose-adjusted plasma concen-
trations displayed large interindividual variability (37-, 38-, and
12-fold for RIS, OHRIS, and active moiety, respectively at day
0; 18-, 10-, and 6-fold, respectively, at day 7).

Influence of CYP2D6 and CYP3A Genotypes

Because only 1 patient was genotyped as a CYP2D6 PM,
the statistical analyses were first performed with IM for refer-
ence. The CYP2D6 genotypes significantly influenced the dose-
adjusted RIS plasma levels (test for trend, day 0: P = 0.023,
Cohen d =1.03; day 7: P=0.031; Fig. 1), with dose-, age-, and
sex-adjusted RIS plasma concentration in UMs being 45% of
IMs values (P = 0.007). The RIS/OHRIS ratios were gradually
decreased with increasing CYP2D6 activity (median [IQR]:
0.25 [0.17-0.29], 0.33 [0.25-0.50], 0.40 [0.27-0.56], and 6.26
in the UMs, EMs, IMs, and PM, respectively). Thus, the RIS/
OHRIS ratios adjusted for age and sex was for UMs 36% of
IMs’ values (P = 0.006, Cohen d = 1.00). Interestingly, higher
RIS/OHRIS ratios were measured in the present study with
RLAI than in a previous study with oral RIS,?® supporting the
idea that RIS injections may be associated with higher RIS/
OHRIS ratios than oral RIS.?° No influence of CYP2D6 geno-
type was found on dose-adjusted OHRIS (P > 0.7) or active
moiety (P > 0.1).

Then, taken both the lone PM with the 2 patients receiv-
ing strong CYP2D6 inhibitors as potential CYP2D6 PM, a 3.3-
fold higher dose-corrected RIS level (P = 0.001), 2.7-fold lower
dose-corrected OHRIS level (P < 0.001), and 9.1-fold higher
RIS/OHRIS ratio (P < 0.001) were found as compared with the
other CYP2D6 combined genotypes. No association was found
with the dose-corrected active moiety plasma levels (1.1-fold,
P > 0.1). On the other hand, CYP34 SNPs, CYP3A activity
determined by the midazolam phenotyping test, CYP3A strong
inhibitor comedications (n = 3) were found not to be associ-
ated with RIS, OHRIS, and active moiety plasma levels; RIS/
OHRIS ratios; or dose requirements (data not shown). The
CYP3A activity measured by the midazolam phenotyping test
was not associated with CYP34 and NRI/2 SNPs (data not
shown).

Influence of ABCBI and NR1/2 Genotypes

No association was found between ABCBI SNPs and dose-
adjusted plasma levels of RIS, OHRIS, active moiety, and RIS/
OHRIS ratios or RLAI dose requirement (P > 0.1). On the other
hand, and interestingly, a significant association was found at
baseline for NR1/2 rs76436454>G, with a 2.6-fold lower dose-
adjusted of OHRIS (P = 0.033, Cohen d = 0.99) and 2.8-fold
lower active moiety (P = 0.031, Cohen d = 1.18) in GG com-
pared with the A4 genotype (Table 3). The novelty of this
finding was assessed in a second independent cohort (n = 16,
Table 1). In line with the previous results, 2.5-fold lower dose-
adjusted OHRIS (P = 0.027, Cohen d = 2.30) and active moi-
ety (P =0.015, Cohen d = 1.96) plasma levels were found with
the GG genotype compared with 44 carriers. In addition, sim-
ilar results were obtained when the 2 cohorts were combined
(n =57, OHR P = 0.018, active moiety P = 0.001).

Pharmacodynamics Variability and
Associated Factors

Clinical Response (CGI) and Extrapyramidal
Adverse Effects (SAS)

The median baseline CGI score was 3 points (IQR, 2—4
points), which corresponded to a mild psychiatric illness. Patients
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TABLE 3. RIS, OHRIS, and Active Moiety (RIS + OHRIS) Plasma Levels

RIS OHRIS Active Moiety
n % Median IQR Median IQR Median IQR
Dose
Levels at day 0
All 41 5 3-9 12 8-18 21 12-27
25 mg 12 29 3 2-8 9.5 5-13 12.5 824
37.5 mg 9 22 4 4-6 16 12-17 21 16-24
50 mg 16 39 5.5 3-19 14.5 9-18 23.5 14-38
75 mg 4 10 6.5 4-10 18.5 9-31 27.5 17-38
Levels at day 7*
All 42 5 3-8 15.5 9-21 21 14-28
25 mg 13 31 3 2-6 9 8-13 12 1021
37.5 mg 9 21 6 3-8 18 11-20 24 18-28
50 mg 16 38 5.5 5-11 16.5 11-26 23.5 19-40
75 mg 4 10 5 4-12 23 20-25 29.5 27-35
RIS OHRIS Active Moiety
n Median IQR Median IQR Median IQR
Genotype
NR1/2 157643645
AA 22 0.12 0.08-0.20 0.34 0.21-0.45 0.51 0.32-0.64
AG 15 0.12 0.10-0.36 0.38 0.26-0.48 0.56 0.36-0.96
GG 4 0.07 0.05-0.10 0.13 0.08-0.23 0.18 0.16-0.30
P (K ruskal-Wallis) 0.130 0.033 0.030

Median and IQR are shown. Top: At day of injection (day 0) and at day 7 according to the fortnightly dose of RLAI (ng/mL). Bottom: At day
0 according to the NR1/2 rs7643645 genotypes for dose-adjusted plasma levels (ng/mL-mg).

*One additional patient at day 7 excluded from day 0 because of a suspicion of oral RIS intake.
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FIGURE 1. Plasma concentrations corrected by the dose (ng/mL'mg) of RIS, OHRIS, and the active moiety (RIS + OHRIS) and RIS/OHRIS
ratio adjusted by age and sex for CYP2Dé6 genotype. Data were obtained according to the mixed model and showed as mean + SE.
*P < 0.01. Mean (SE) of RIS/OHRIS ratio adjusted by age and sex according by CYP2D6 genotypes: PM 6.43, IM 0.70 (0.14),

EM 0.46 (0.12), UM 0.16 (0.24).
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had very variable duration of treatment, and expectedly, no sig-
nificant correlations were found between CGI scores and fort-
nightly dose (P > 0.9), dose-adjusted RIS (P > 0.1), OHRIS
(P >0.7), and active moiety (P > 0.3) plasma levels at baseline,
at day 7, and using a mixed model (data not shown). No asso-
ciations were found between CGI scores and other clinical de-
mographic or genetic data (data not shown).

The median baseline SAS score was 3 points (IQR, 1-5
points), and 55% had SAS scores greater than 3 or were re-
ceiving an anticholinergic agent (biperiden, n = 6 among whom
3 had still an SAS score >3). NRI/2 rs2472677CC carriers
had higher SAS score (n = 9; median, 5; IQR, 4-7) than the CT
and 7T carriers (n = 33; median, 2; IQR, 0-5) at day 0 and at
day 7 (Cohen d = 0.78, P < 0.03 on both cases), also in the
mixed model (P = 0.035). Although a tendency was observed in
the subgroup without anticholinergic agent (n = 7 [median, 4;
IQR, 3—11], n =29 [median, 2; IQR, 0-5] for CC vs CTand TT
genotypes, respectively), no significant association was found
at days 0 and 7 (P = 0.1 in each case, P = 0.08 in the mixed
model). Finally, no associations were found between SAS scores
and RLAI dose; treatment length; RIS, OHRIS, and active
moiety plasma levels; studied genotypes; or with CYP3A ac-
tivity (data not shown).

Weight Gain and Lipid Profile

High prevalence of several cardiovascular risk factors was
observed in the present cohort, with 26% of obesity, 81%
smokers, and 45% patients presenting a dyslipidemia. A median
weight gain of 6 kg (IQR, 0-16 kg) for a median duration of
RLALI treatment of 8 months (IQR, 4-15 months) was found for
the 39 patients with available data. It is noteworthy to men-
tion that 10 patients received other drugs potentially linked to
weight gain (valproate n = 4, clozapine n = 1, mirtazapine n = 2,
quetiapine n = 2, mirtazapine and quetiapine in combination
n = 1), and 4 patients had lipid-lowering agents. Weight gain
and CHOLtot and HDL levels were not correlated to fortnightly
dose; RIS, OHRIS, and active moiety dose-adjusted plasma
levels; or selected SNPs in the whole population and in the sub-
groups without weight gain—related drug or lipid-lowering agents
(P>0.1).

Sex difference in HDL levels was observed as expected
(median [IQR] HDL levels in women: 1.65 [1.23-2.05] mmol/L;
inmen: 1.11 [0.95-1.38] mmol/L, P = 0.004). Interestingly, HDL
levels were significantly correlated to CYP3A activity in the
whole population (rs = 0.49, P = 0.001). Thus, median (IQR)
HDL levels of 0.95 (0.9—1) mmol/L (n=5) and 1.19 (0.98-1.46)
mmol/ L (n = 22) were measured in men with low CYP3A ac-
tivity (<1.9 MR) and with an extensive activity (=1.9 MR; P =
0.029, Cohen d = 1.20), respectively. Lower HDL level was
observed in the lone woman with low CYP3 A activity than those
with extensive CYP3A activity: 1.1 mmol/L (n = 1) and 1.68
(1.4-2.05) mmol/L (n = 10), respectively. CYP3A activity ad-
justed for age and sex remained significantly associated with
HDL levels in the whole population (P = 0.014) and in the
subgroup without lipid-lowering agent (P = 0.029).

Prolactin Plasma Concentration

Sex difference in prolactin levels was found as expected
(day 0 median [IQR] prolactin level: n = 30, 27 (19-45) ng/mL
inmen; n= 12,75 (46-133) ng/mL in women; P < 0.001). High
prolactin levels were more frequent in women (75% of women,
and 27% of men; x>, P = 0.004), as previously reported,>-3
and were measured in 40% and 45% of patients at day 0 and at
day 7, respectively. Hyperprolactinemia symptoms were reported

© 2013 Lippincott Williams & Wilkins

by 6 patients (3 women, 3 men; sexual dysfunction, n = 3; ga-
lactorrhea, n = 1; gynecomastia, n = 1; and amenorrhea, n = 1),
which were not associated with particularly high prolactin levels
(median, 37 [20-55] ng/mL).

Prolactin levels were significantly correlated with RIS,
OHRIS, and active moiety plasma levels (rs = 0.43, P = 0.0047;
r¢=0.33, P=0.037; r,=0.38, P = 0.013, respectively) at day 0.
Significant association was found between RIS exposure and
prolactin levels using a mixed model adjusted for age and sex
(RIS P = 0.001, OHRIS P < 0.001, and active moiety P <
0.001). Of note, 47% of the variation of prolactin level can
be explained by the model including age, sex, and active moi-
ety plasma level. Fortnightly dose was not found to be asso-
ciated with prolactin levels (P = 0.47). Prolactin levels adjusted
for age and sex were significantly associated with NRI1/2
rs2472677C>T polymorphism (P = 0.032). At day 0, 1.8-fold
(in women, Cohen d = 0.73) and 1.3-fold (in men, Cohen d =
0.18) lower prolactin levels were found in carriers of the CC
genotypes as compared with the CT and 77T genotypes.

DISCUSSION

This study aimed to analyze, in patients with RLAI treat-
ment, the influence of gene polymorphisms potentially linked
to RIS pharmacokinetics and of the CYP3A activity on the
plasma levels of RIS, OHRIS, and active moiety and on po-
tential drug-related adverse effects.

Pharmacokinetic Variability and
Associated Factors

Influence of CYP2D6 and CYP3A Genotypes

A very large interindividual variability was measured for
dose-adjusted plasma concentrations of RIS, OHRIS, and ac-
tive moiety in patients receiving RLAI, in agreement with a
previous report.!” CYP2D6 activity was found to be a major
determinant of RIS pharmacokinetics. The CYP2D6 genotype
showed a significant influence on dose-adjusted plasma levels
of RIS and RIS/OHRIS ratio but not on dose-adjusted OHRIS
and active moiety, similar to results with oral RIS.!3! 1t is
possible that different levels of CYP2D6 activity may not have
major effects on the total moiety elimination unless the CYP2D6
activity is absent, as shown in our and other results,3! although
discrepancies have been published.” In addition, we confirmed the
influence of strong CYP2D6 inhibitors on RIS metabolism.>*

Although not statistically significant, CYP2D6 PMs seemed
to be underrepresented with only 1 (3%; 95% CI, 0%—17%)
patient with this genotype of 32 Caucasians as compared with
the 5% to 10% frequency expected in the Caucasian popula-
tion.2° In contrast, CYP2D6 UMs seemed to be overrepresented
in the present study (5 patients, 12% [95% CI, 6%—32%), com-
pared with the 3% to 5% reported in Caucasian populations.?’
Therefore, the possibility of an earlier treatment discontinu-
ation in PM patients due to potential adverse effects is ques-
tioned. The PM phenotype was previously reported to increase
the risk for adverse effects and drug discontinuation in patients
receiving oral RIS.!” On the other hand, the higher than ex-
pected prevalence of UM in the present study raises the ques-
tion whether patients receiving antipsychotics metabolized
mainly or partially by this enzyme (eg, aripiprazole or halo-
peridol and to a lesser extent quetiapine or olanzapine) might
respond inadequately and then be switched to an injection for-
mulation because of suspicion of poor compliance.

In patients receiving oral RIS, the administration of strong
CYP3A inhibitors or inducers resulted in high or low plasma
levels of RIS, OHRIS, and of the active moiety, respectively.>’
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The present study on RIS depot formulation showed no associ-
ation between CYP3A activity with dose-adjusted RIS, OHRIS,
and active moiety plasma levels. As the midazolam phenotype
test was suggested to reflect CYP3A activity both in the liver
and in the intestines,”> one may hypothesize that the depot for-
mulation, by shunting the first-pass effect, reduces the influence
of CYP3A in the pharmacokinetics of injected RIS. In agreement
with the direct determination of CYP3A activity by the
midazolam test, no associations were found between the analyzed
CYP3A4 SNPs and RIS pharmacokinetics. These results are in line
with other reports,>'2 whereas another study found higher
OHRIS and active moiety plasma levels for CYP345*3*3 com-
pared with the other genotypes in patients receiving oral RIS.8

Influence of ABCBI and NR1/2 Genotypes

It has recently been shown that the ABCBI SNPs do not
influence or only moderately influence the steady-state plasma
concentrations of RIS and OHRIS after the oral intake of
RIS.% 113132 In the present study with RIS depot formulation,
we showed that ABCBI SNPs do not significantly contribute
to variability of RIS and OHRIS in the blood.

Interestingly, we reported a significant association be-
tween NR1/2 SNPs and RIS pharmacokinetics. The 51523130,
152472677, and rs7643645 SNPs were previously identified in
transcription binding sites of NRI/2 regulatory regions.!’ In
patients with HIV treated with 400 mg/d of atazanavir, a P-gp
and CYP3A substrate, the rs2472677T allele is associated with
reduced trough plasma concentration of this drug,'* which is in
line with its reported increased activity.!> In the present study,
the NR1/2 rs7643645G allele, linked to a decreased transcrip-
tion,'> was found to be associated with lower dose-adjusted
OHRIS and active moiety plasma levels. Moreover, these re-
sults were replicated in a second independent cohort of patients
receiving RLAI as well as when the 2 cohorts were combined.
These results could be tentatively explained by the lower
CYP3A4 and ABCBI transcription activity measured in subjects
with the G allele.!> However, because CYP3A activity mea-
sured by the midazolam phenotyping test was not found to be
associated with RIS pharmacokinetics, the influence of PxR
observed in the present study could not be explained by the
induction of CYP3A but rather by the induction of other drug
metabolizing enzymes, transporters, and/or P-gp. The influence
of NR1/2 gene remains, however, to be demonstrated after an
oral intake of this drug, due to the first-pass effect and the in-
volvement of other confounding factors.

Pharmacodynamic Variability and
Associated Factors

Clinical Response (CGI) and Extrapyramidal
Adverse Effects (SAS)

In line with previous reports, no significant correlation
was found between RIS, OHRIS, and active moiety plasma
levels, dose and CGI score,*3* or SAS scores.! The criteria of
4 injections might have discarded nonresponders with high
CGI score, whereas the long treatment duration (median of
8.5 months) might contribute to the overall low CGI score in
the group (median score of 3).

Because of conflicting results, it remains unclear whether
EPSs are linked to RIS dose or plasma concentrations, -3
although 34% of patients with RLAI have EPSs, making these
adverse effects an important clinical issue.>* CYP2D6 PMs were
suggested to be at higher risk for tardive dyskinesia and RIS
discontinuation due to adverse drug reactions.'® In the present
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study, as there was only 1 CYP2D6 PM, no conclusion can be
drawn on this point. When taking into account the 3 patients
with a presumably CYP2D6 PM status, no association was ob-
served for the drug adverse effects. We did not find any influence
of CYP3A genotypes and SAS scores, which is in agreement
with the lack of association between CYP3A4 genotypes and
plasma levels and reports showing that association of EPSs and
strong CYP3A inhibitors remains unclear.>3? Our result might
also support the idea that RLAI may be associated with higher
RIS/OHRIS ratios than oral RIS.!” Its clinical consequences
require further investigation as an increased ratio was related
to more adverse effects,!” whereas other reports indicated less
EPSs with RLAI than with oral RIS.!63

Because of its strategic localization at the blood-brain bar-
rier, P-gp was hypothesized to influence EPSs. A previous study
with oral RIS found that ABCBI1 26771-3435T carriers pre-
sented an increased occurrence of EPSs, which were not linked
to plasma concentrations.” No such associations were found
in the present study, which differ by many variables (oral form,
drug-naive patients, short-term study with 8 weeks of follow-up,
and a majority of women in the former study). Interestingly, we
found a higher SAS score for NR1/2 rs2472677CC genotype,
which was reported to be linked to a decreased activity,'> as
compared with the 7 carriers. Thus, one could hypothesize that
decreased activity of P-gp and/or of other transporters at the
blood-brain barrier could increase RIS and OHRIS brain levels
and therefore explain the observed increase of EPSs. This re-
sult should be assessed in a bigger cohort as the association
was anymore significant when patients with anticholinergic
agents (6 of the 42 patients) were excluded.

Weight Gain and Metabolic Profile

In total, 38% of patients gained more than 10% of their
baseline weight (median weight gain was 4.5 kg for a median
treatment duration of 8.5 months), and 45% of patients pre-
sented dyslipidemia, the latter being not a frequent adverse ef-
fect related to oral RIS treatment or to RLAI?® However, RIS
could indirectly influence the lipid pathway through the in-
creased risk of weight gain during long-term treatment. This is
in agreement with results showing lipid parameter impairment
during long-term RIS monotherapy in an Asian population.?
Concerning HDL levels, the significant positive correlation found
in the present study between CYP3A activity and higher HDL
levels is in accordance with similar findings in a rat model.
An increased HDL level was observed in rats treated with in-
ducers of CYP3A activity as compared with controls, and this
increase was proportional to the potency of each CYP3A in-
ducer.3® Moreover, the PxR inducer rifampin was reported to
increase HDL levels in mice but not in PxR-knockout mice.>%
Similar effect is also suggested in humans: patients receiving
anticonvulsant (ie, phenobarbital, phenytoin, two CYP3A indu-
cers?%) showed increased HDL levels as compared with healthy
matched controls.3” A significant correlation was also found
between HDL levels and the corresponding CYP content in 18
human livers obtained by percutaneous biopsy, with CYP3A
being the major CYP enzyme in the liver.>

Prolactin Plasma Concentration

High prevalence of elevated prolactin levels (43% of
patient) was found, which is in accordance with reports for
RLAI*® and for oral RIS,3? although the adverse effect intensity
for RLAI compared with oral RIS is still not clearly demon-
strated.> Interestingly, a significant positive correlation was
found between prolactin levels and RIS, OHRIS, and active
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moiety plasma levels. Prolactin level adjusted for age and sex
was also significantly associated with NRI/2 rs2472677C>T
polymorphism, but with lower levels in carriers of the CC ge-
notypes as compared with the CT and 77T genotypes. No ex-
planation can be presently proposed to explain the apparent
discrepancy that the same genotypes (ie, CC) are associated
with increased EPSs and decreased prolactin levels. One can,
however, mention that occurrence of EPSs is thought to be me-
diated by D, receptor antagonism at the level of the striatum,
whereas the release of prolactin is induced by D, blockade at
the level of the pituitary.3®4® Furthermore, whereas the striatum
is located in the central nervous system part protected by the
blood-brain barrier, the pituitary is outside this barrier.** Thus,
as NR1/2 SNP affects the activities of both metabolic enzymes
and transporters, the same SNP could affect differently the
drugs activity, depending on the location of the target organ.

Limitations

This study has several limitations: first, its naturalistic cross-
sectional design, which leads to a heterogeneous RLAI medi-
cation including different treatment durations, variable doses,
and psychiatric diagnostics. It excludes to draw any conclusion
of RLAI consequences on clinical parameters (ie, prolactin and
cholesterol levels, EPSs), as baseline parameters are unknown,
and preexisting morbid status could not be rejected. Thus, only
associations are presented here. This design, in addition to the
fact that the CGI score is a very simple scale, limits the value
of our data on therapeutic response as well as the statistical
analysis performed on these data. On the other hand, this lim-
itation should not apply to the blood levels of the RIS, OHRIS,
and active moiety. Second, dyslipidemia was defined without
triglyceride level indications as this parameter was not avail-
able. The last limitation is the modest number of patients in-
cluded and the statistical analysis, which were not corrected
for the multiple tests performed. Thus, the new findings of the
present study must be considered as preliminary and must be
validated in other cohorts, although the significant associations
between NR1/2 SNP and RIS, OHRIS, and active moiety have
already been replicated in a second data set of patients re-
ceiving RLAIL On the other hand, the strength of this study
on depot formulation is that, by definition, the compliance of
the patients is ascertained, which is important considering the
poor compliance observed with oral formulation on long-term
treatment.>*

CONCLUSIONS

In agreement with previous reports on oral RIS, CYP2D6
was also found to significantly contribute to RIS pharmacoki-
netics in patients treated with RLAL. CYP3A activity measured
by a midazolam phenotyping test, and CYP34 and ABCBI1 SNPs
were not found to be associated with RIS, OHRIS, or the active
moiety plasma levels. Accordingly, adverse effects induced by
RIS may not be associated with these SNPs. Prolactin levels
were found to be related to RIS exposure. Interestingly, NR1/2
SNPs were significantly associated with RIS, OHRIS, and active
moiety plasma levels, with the extrapyramidal adverse effects,
and with the prolactin levels. These results must be replicated
in other population with RLAI, and it should also be deter-
mined whether it is also relevant for the oral form of RIS.
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