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Effects of the CYP2D6710 alleles and co-medication with
CYP2D6-dependent drugs on risperidone metabolism in patients
with schizophrenia
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Ohbjective  Risperidone is converted to 9-hydroxyrisperidone by CYP2D6. Two parameters were used to examine the influences of CYP2D6
polymorphism and of co-medication on risperidone metabolism: the risperidone:9-hydroxyrisperidone concentration ratio (R:9-OHR ratio)
and the sum of the risperidone and 9-hydroxyrisperidone concentrations divided by the dose (C:D ratio). We evaluated the effect of the
CYP2D6710 allele, which is a prevalent mutant allele among East Asians.

Methods  Genotyping nsing the P450 microarray system was performed for 89 Japanese patiems with schizophrenia receiving risperidone.
The patients with CYP2DG"1/"1, "1/°2, or "2/*2 were classified as Group 1, those with one CYP2D6" 10 allele (CYP2D671/710 or "2/ 10) were
classified as Group 2, and those with two CYP2D6"10 alleles were classified as Group 3. The R:9-OHR and C:D ratios were analyzed using
two-way ANOVAs with the CYP2D6 genotype and co-medication with CYP2D6-dependent drugs as independent variables.

Results  Both the “genotype” and the “co-medication™ factors had significant impacts on the R:9-OHR ratio (p =0.011, p <0.001). The
“genotype” factor also had a signtficant impact on the C:D ratio (p = 0.032). However, the “co-medication™ Factor did not have a significant
impact on the C:D ratio (p=0.129).

Conclusions The CYP2D6710 polymorphism and the presence of co-medication exerted significant influences on the pharmacokinetics of
risperidone. Copyright {© 2009 John Wiley & Sons, Ltd.

KEY WORDS —risperidone; schizophrenia; CYP2D6; pharmacogenetics

INTRODUCTION

Risperidone, one of the most frequently prescribed
antipsychotics, has potent antagonistic properties for
both dopamine D2 and serotonin-SHT2 receptors
(Janssen et al., 1988; Leysen er al., 1988). It is highly
regarded for its efficacy towards both positive and
negative symptoms of schizophrenia, along with its
relatively mild extrapyramidal side effects when
compared to typical antipsychotics (Chouinard and
Arnott, 1993). Orally administered risperidone reaches
the steady-state level of concentration in the plasma
compartment promptly in 24 h (Heykants er al., 1994),

* Correspondence to: K. Kosaki, Department of Pediatrics, Keio University
School of Medicine, 35 Shinanomachi, Shinjuku-ku, Tokyo 160-8582,
Japan. Tel: §1 3-3353-1211. Fax: 81 3-3379-1978,

E-mail: kkosaki @sc.itc.keio.ac.jp

Copyright & 2009 John Wiley & Sons, Lid.

and is mainly metabolized through hydroxylation by
the liver cytochrome P450(CYP) system to 9-hydro-
xyrisperidone (Fang et al., 1999; Prior and Baker,
2003). Because the efficacy of 9-hydroxyrisperidone is
comparable to that of its parent compound, the
pharmacologic activity of risperidone can be expressed
as the sum of the plasma concentrations of rsperidone
and 9-hydroxyrisperidone (Huang er al., 1993). As the
D2 receptor occupancy correlates with the sum of the
plasma concentrations of risperidone and 9-hydroxyr-
isperidone (Regenthal et al., 2005), it is regarded as a
more important parameter than the concentration of
risperidone alone for estimating clinical effectiveness
and adverse drug reactions in risperidone pharma-
cotherapy.

Substantial inter-individual varability has been
observed in the relationship between oral dose of

Received 2 October 2008
Accepted 9 March 2009

- 139 -



s

risperidone and its steady-state plasma concentrations.
This variability bas been partly accounted for by age,
body weight, and sex (Balant-Gorgia et al., 1999; de
Leon et al., 2007). Recently, inter-individual varia-
bility has also been ascribed to genetic factors, in
particular polymorphisms at the CYP2D6 locus, which
is highly polymorphic with more than 50 polymorph-
isms. According to studies on CYP2ZD6-dependent
drugs such as debrisoquine and sparteine, approxi-
mately 6-109% of Caucasian populations and 1% of
Asian populations exhibit poor metabolizer (PM)
phenotype (Bertilsson et al., 2002). This PM pheno-
type has been associated with homozygosity for the
CYP2D6"3, CYP2D6"4, and CYP2D6"S alleles. East
Asians are unique in that the CYP2DG6*10 allele, which
encodes a low active form of enzyme, is highly
prevalent with approximate allele frequency of 40
50% (Bradford, 2002; Johansson er al., 1994). The
CYP2D6%2 allele, relatively prevalent in the Japanese
population (approximately 10%) (Iwashima et al,
2007), does not result in decreased activity, and can
thus be regarded as wild type (Tateishi et «f., 1999). In
addition, some patients exhibit ultrarapid metabolizer
(UM) phenotype because they carry three or more
functional copies of the active CYP2D6 genc and thus
overexpress the CYP2D6 enzyme (Dahl er al., 1995).
As the aliphatic hydroxylation of risperidone is
performed mainly by CYP2D6, the risperidone:
9-hydroxyrisperidone concentration ratio is a useful
index of CYP2D6 enzymatic activity, with a increased
ratio indicating a PM phenotype or the presence of a
CYP2D6 inhibitor (Ereshefsky, 1996).

Several subsets of CYP2D6 mutant alleles have been
studied in terms of their effect on the dose-
concentration relationship of risperidone and 9-
hydroxyrisperidone. The effects of CYP2D6%3, *4,
*5, "6 alleles and duplicated alleles among Caucasiang
with schizophrenia were examined in a previous report,
and the risperidone:9-hydroxyrisperidone concen-
tration ratio was found to be higher in homozygotes
or compound heterozygotes with the CYP2D6"4 and *5
alleles than in individuals with the wild type and higher
in heterozygotes with the CYP2D6*4 or *3 allele than
in individuals with the wild type (Scordo er al., 1999).
The effect of the CYP2D6"10 allele among East Asian
populations has been examined in several studies, all of
which concluded that the risperidone:9-hydroxyrisper-
idone concentration ratio was higher in subjects with
the CYP2D6710 allele than in those with the wild type
(Cho and Lee, 2006; Mihara et «l., 2003: Roh et al.,
2001). Despite the limited numbers of CYP2D6 alleles
investigated in these studies, their results suggest
significant association between some of the CYP2D6
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alleles and the risperidone metabolism. Comprehen-
sive genotyping of the CYP2D6 locus has so far been
Jaborious and time-consuming. The recent advent of
the microarray technology developed by Roche
Molecular Systems and Affymetrix has allowed
prompt genotyping of major polymorphisms, including
gene deletions and duplications (Heller er al., 2006).

Recent studies have revealed that concomitant
administration of CYP2D6-dependent drugs affects
risperidone metabolism. For instance, phenothiazines
and butyrophenones are known to compete with
risperidone for CYP2D6 (Nakagami er «f., 2003;
Suzuki er al., 1997, 2001). Some antidepressants not
infrequently co-administered for schizophrenia with
risperidone are also known to affect risperidone
metabolism (DeVane and Nemeroff, 2001). Although
their specific conmpetition with risperidone bas not been
documented, the drugs metabolized by CYP2D6 can
also potentially compete with risperidone (Spina er al.,
1991). Some commonly prescribed drugs, such as
stomachics, antibiotics, and antiarthythmic agents, are
also metabolized by CYP2D6, and can thus act as
competitors (Castberg et al., 2005; Hara er al., 2005;
Madeira ef al., 2004; Yasui-Furukort et al., 2007). As
CYP2D6 metabolizes a wide variety of substrates,
potential competitive inhibition by co-medication can
be expected. In addition, inhibitors such as paroxetine
are more potent than competitive inhibitors; these
drugs tightly bind to the enzyme active site, leading to
long-lasting inactivation. Such inhibitors are known as
“mechanism-based inhibitors™ (Fontana et al., 2003).
Previous studies have revealed that CYP2D6-depen-
dent drugs affect risperidone metabolism. However, it
still remains unknown how CYP2D6"10 alleles affect
risperidone metabolism when co-administered with
CYP2D6-dependent drogs.

In the present study, we used a microarray-based
comprehensive genotyping method to evaluate the
influence of CYP2D6 mutant allcles and CYP2D6-
dependent co-medication on the metabolism of
risperidone.

MATERIALS AND METHODS
Subjects

The subjects comprised 90 Japanese patients with
schizophrenia (38 men and 32 women) who fulfilled
the DSM-IV criteria for schizophrenia and were
hospitalized at Asaka Hospital, Fokushima, Japan,
because of a chronic clinical course and treatment-
resistant symptoms. One male patient with severe
chronic renal failure that was likely to affect
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risperidone  metabolism  was excluded from later
analyses. All the patients had received risperidone
1.0-15.0 mg/day (median 6.0 mg) orally twice or three
times daily. Dose selection for cach patient was
made by the psychiatrists in charge based on clinical picture
and severity. All the patients had received risperidone
for more than 1| week before the study. Fifty-eight
patients (65.2%) also rececived co-medications that are
reported to be CYP2D6-dependent: levomepromazine
(Suzuki er al., 1997), chlorpromazine (Suzuki et «al.,
2001), bromperidol (Suzuki er al., 1997), haloperidol
{Suzuki et af., 2001), olanzapine (Gossen et al., 2002),
paroxetine (Spina ef al., 2001), fluvoxamine (D° Arrigo
et al., 2005), amitriptyline (Castberg et af., 2005),
maprotiline (Brachtendotf e# al., 2002), terbinafine
(Castberg et al., 2003, Yasui-Furukori er al., 2007),
cimetidine (Madeira ¢r al., 2004), mexiletine (Hara
er al., 2005). The patients” compliance was confirmed
by the nursing staff. The Ethics Committee at the Keio
University Hospital approved the study protocol, and
all the subjects gave written informed consent to
participate in the study.

Analysis of plasina concentrations of risperidone
and 9-hydroxyrisperidone

Trough risperidone levels were measured using an
carly morning blood sample taken before the morning
risperidone dose was given. Plasma concentrations of
risperidone and 9-hydroxyrisperidone were measured
using the liguid chromatography-mass spectrometry-
mass spectrometry (LC/MS/MS) method of Remmerie
(Remmerie et al., 2003) with slight modifications. We
mainly used two parameters to interpret plasma
risperidone and 9-hydroxyrisperidone: (1) the risper-
idone:9-hydroxyrisperidone concentration ratio (R:
9-OHR ratio) and (2) the sum of the risperidone and
9-hydroxyrisperidone concentrations divided by the
dose (C:D ratio).

Genotyping of CYP2D6 and classification

Genotyping of CYP2D6 was performed using the
AmpliChip CYP450 test DNA chip (Roche Diagnos-
tics, K.K., Tokyo, fapan). The AmpliChip CYP4350 test
identified 33 known CYP2D6 alleles (CYP2D6%1, *2,
"3,%4,%5,%6, 77,78, 79, "10AB, "11, "14A, "14B, *15,
"17,719, 720, "25, 726, *29, "30, *31, *35, *36, *40, 41,
*IxN, "2xN, "4xN, "I0xN, *"1Tx N, "35xN,
41 x N) (Iwashima et al., 2007; Helleret al., 2006). As
the CYP2D6"*2 allele has been reported to be almost
equal to the CYP2D6"1 allele in enzymatic activity
(Tateishi et al., 1999), CYP2D6"1 and *2 alleles are
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considered as wild type alleles. The patients were
classified into fonr groups according to their CYP2D6
genotypes. Those carrying two wild type alleles were
classified as Group 1| (CYP2D6*1/°1, "1/°2, or "2/*2).
Those with one CYP2D610 allele and one wild type
allele were classified as Group 2 (CYP2ZD6’1/*10 or
*2/'10), and those with two CYP2D6"10 alleles as
Group 3 (CYP2D6"10/°10). The patients without
CYP2D6™1, *2, or *10 alleles were cxcluded from
subsequent statistical analyses.

Sratistical analysis

Patients were categorized according to two factors:
CYP2D6 genotype (“‘genotype” factor), and co-
medication with CYP2D6-dependent drugs (“co-
medication” factor). Natural logarithmic transform-
ations of the R:9-OHR and C:D data were used to
improve normality before performing the subsequent
statistical analyses. To determine the independent
effects of the “genotype” and “co-medication” factors
on the R:9-OHR ratio and the C;D ratio, comparisons
between groups were accomplished using two-way
ANOVAs,

Next, multiple linear regression analyses were
performed using the log-transformed R:9-OHR and
C:D ratios as dependent variables to explore the
determinants and to evaluate the direction and
magnitude of the effects. Biologically plausible
predictors (CYP2D6 genotype, presence of co-medi-
cation with CYP2D6-dependent drugs, age, weight,
and sex) were used as independent variables. The
stepwise method was utilized, and an F value greater
than 2.0 was used for variable removal. The statistical
analyses were performed with SPSS [15.07 software. A
p-value of 0.05 or less was regarded as significant.

RESULTS
Description of the patients

CYP2D6 genotypes were identified in all the patients
(n=2389). The allele frequencies of CYP2D6%1,
CYP2D6™2, CYP2D6™4, CYP2D6'5, CYP2D6’10,
CYP2DG"14B, CYP2D6"41, and CYP2D6™I x N,
CYP2D6°10 x N were 44.3, 14.6, 0.6, 5.0, 31.5, 0.6,
2.2, 0.6, and 0.6%, respectively. Twenty-nine patients
with CYP2D6"1/°1 (n=16), "1/'2 (n= 10), or *2/"2
(n=73) were classified as Group l. Thirty-seven
patients with CYP2D6’1/"10 (n=30) or *2/°10
(n=7T) were classified as Group 2. Seven patients
with CYP2D6"10/"10 (n = 7) were classificd as Group 3.
Sixteen patients carried other genotypes, either
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CYP2D6™ 1/*5 (n= 1), “1I/"14B (n=1), *1/"dl (n=4),
25 (n=13), *5/'10 (n=5), "I xN (n=1), or
4710 x N (n==1). The demographic backgrounds of
the respective groups are presented in Table 1.

Association berween CYP2D6710 and metabolism
of risperidone

We performed two-way ANOVAs for the log-trans-
formed R:9-OHR and C:D data using “‘genotype’ and
“co-medication” as independent variables. Among the
patients without concomitant CYP2D6-dependent drug
administration, the median R:9-OHR ratios in Group 1
(n=12), Group 2 (n=10), and Group 3 (n==3} were
0.08, 0.14, and 0.73, respectively. Among the patients
with concomitant CYP2D6-dependent drug adminis-
tration, the median R:9-OHR ratios in Group |
(n=17), Group 2 (n=27), and Group 3 (n=4) were
1.10, 1.48, and L[.10, respectively. As shown in
Figure 1a, both the “genotype” and “co-medication”
factors had a significant impact on the R:9-OHR ratio
(p=0.011 and p <0.001, respectively). Among the
patients without concomitant CYP2D6-dependent drug
administration, the median C:D ratios in Groups 1, 2,
and 3 were 8.7, 9.0, and | 1.7 ng/ml/mg, respectively.
Among the patients with concomitant CYP2D6-
dependent drug administration, the median C:D ratios
in Groups 1, 2, and 3 were 9.6, 12.9, and 18.6 ng/ml/
mg, respectively. The “genotype” factor had a
significant impact on the C:D ratio (p==0.032),
indicating that the C:D ratio increased in proportion
to the number of CYPZD6710 alleles. However, the
*co-medication™ factor did not have a statistically
significant impact on the C:D ratio (p=0.129,
Figare 1b). In Group 1, one paticnt with CYP2D6"1/°2
*2 genotype exhibited an unexpectedly high C:D ratio
of 45.0ng/ml/mg. He was receiving high doses of
bromperidol (15 mg/day) and chlorpromazine (75 mg/
day) (Figure 1b).

Multiple linear regression model predicting the
R:9-OHR ratio and C:D ratio

A muitiple linear regression model of log-transformed
R:9-OHR yielded a significant coefficient of determi-
nation (R*=0.59, p<0.001) and the following
statistically significant contributory variables: homo-
zygosity for the CYP2D6*10 allele (p=0.023), and
concomitant CYP2D6-dependent drug  use
(p < 0.001). Heterozygosity for the CYP2D6* L0 allele,
age, weight, and sex were eliminated by the stepwise
method and were thus regarded as having minimal
influence on the R:9-OHR ratio (Table 2). The multiple
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Summary of the patients’ characieristics

Table §.
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Group | Group 2 Group 3 Others

Total
(=89

57 (53-64)
57 (64.0%%)

{(n=16)

57 (54-63)

(n=1)

61 156-64)

§(71.468)

(n=37

(= 29)

57 49-64)

18 (62.1%)
$7.0 (52.0-68.0)

2.9 (20.7-25.5)

9 (56.3%)
534 (43.5-66.5)

2.7 (20.5-24.4)
5 (31.3%)

10 (62.5%)
6 (d4-6)

58.0 (47.0-64.0)
21,6 (19.3-23.5)
3 (42.9%)
4 (57.1%0)
4 (3-6)

38.6 (48.0-63.0)
22.8 (19.7-25.1)

12 (32.4%)

59 (54-67)

25 (67.6%)

27 173.0%)
6 14-6)

15 (51.7%5)
17 (58.6%)
6 (3~9)

57.0 (48.0-66.0)
22.8 (19.8-25.1)

35 (39.3%)
58 (65.2%)
6 (4-6)

Number receiving CYP2D6-dependent drugs (%)
Median oral dose of rsperidone, mg/day (IQR)

Median age in years (IQR)

Number of males (%)
Median weight in kg (IQR)

Median BMI (IQR)
Number of smokers (%)

Hum. Psychopharmacol Clin Fxp 2009;

Median concentration per risperidone dose (ng/mi/mg) {IQR)

Risperidone

4.5 (2.8-8.8)
5.6 (3.8-10.3)
114 (8.8-15.1)

8.0 (5.0-8.2)
8.2 (6.8-8.2)

49 (1.6-10.5)
5.4 (4.3-8.2)
12.6 (8.2-16.4)

1.7 (0.7-5.3)
5.8 (3.8-8.1)
8.7 (7.0-13.2)

44 (1.5-8.5)
6.1¢4.1-9.1)

yrisperidone
Risperidone -+ 9-hydroxyrisperidone

9-hydrox

14.5 (11.7-19.9)
0.76 (0.68-1.31)

11.6 (8.2-15.8)

0.77 t0.45-1.49

0.41 (0.09-1.13) 1.05 10.18-1.82)

0.75 {(0.15-1.56}

Median mtio of Risperidone:9-hydroxyrisperidone (IQR)

DG/, 12, or *2°2 are classified as Group 1, those with one CYP2D6* 10 allele (' 1/ 10 05 * 2" 10) as Group 2, and those with two CYP2D6" 10 alleles as Group 3. The patients

The patients with CYP
with other genotypes

are summarized ender “Others”” The CYP2D6-dependent drugs are levowmepromazine, chiorpromazine, bromperidol. haloperidol, olanzapine, paroxetine, fluvoxamine,
ex (caleulated as weight in kilograms divided by height in meters squared).

e. erbinafine, cimetidine, and mexiletine.

IQR, interquartile range; BML, body mass ind

amitriptyline, maprotilin
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Figure 1. The median values of tie R:9-OHR and C:D ratios are shown:
circles, non-co-medication group; squares, co-medication group; error
bars, standard coor. Group 1 comprises patients with CYP2D6' 11,
112, or "2 (1= 29): Group 2 comprises patients with CYP2D6' 110
or *2'10 (n=237), and Group 3 compriscs patients with CYP2D6’10/°10
(m="7). (2) The nawral logarithiic-transformed R:9-OHR ratio was ana-
1yzed using a two-way ANOVA with the CYP2D6 genotype (" genotype™
factor, p =0.011) andl co-medication with CYP2D6-dependent drugs (“co-
redication” factor, p < 0.001) as independent vaniables, (b) The natural
logarithmic-transformed C:D ratio was analyzed using a two-way ANOVA
with “genotype™ (p==0.032) and “co-medication™ (p==0.129) as inde-
pendent variables

linear regression model of log-transformed C:D
yiclded a significant coefficient of detemmination
(R?=0.31, p <0.001) and the following statistically
significant contributory variables: homozygosity for
the CYP2D6"10 allele (p=0.043), concomitant
CYP2D6-dependent  drug use (p=0.0l1), age
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(p=0.002), and weight (p =0.015). Heterozygosity
for the CYP2D6" 10 allele and sex were eliminated by
the stepwise method and were thus regarded as having
minimal influence on the C:D ratio (Table 2).

DISCUSSION

It is concluded that the CYP2D610 polymorphism
exerts significant influacnces on the pharmacokinetics
of rsperidone. Furthermore, co-medication  with
CYP2D6-dependent drugs contributes to the effect
of CYP2D6"10 polymorphism on risperidone metab-
olism.

We first evaluated the patients to whom CYP2D6
dependent-drugs were not co-administered, because it
is well established that co-administration significantly
affects risperidone metabolism (Murray, 2006).
Among those who were taking risperidone but no
other CYP2D6-dependent drugs, a significant associ-
ation was observed between the pumber of
CYP2D6™10 alleles and the R:9-OHR ratio. These
results were in accordance with previous studies of
East Asian populations (Cho and Lee, 2006; Mibara
et al., 2003; Roh et al., 2001). The present study not
only replicates but also reinforces the conclusions of
the previous studies, since the microarray-based
approach made our CYP2D6 genotyping procedure
more comprehensive. The genotyping assay in the
previous studies specifically targeted the CYP2D610
allele and a limited number of other alleles such as
CYP2D63, *4, and *5 (Cho and Lee, 2006; Mibhara
et al., 2003; Roh et al., 2001). This type of assay may
not have detected other infrequent but important
hypomorphic alleles such as CYP2D6"6, 9, “14, *17,
*36, and "41, all of which may therefore have been
misclassified as CYP2D6"1 (wild type) alleles. To
investigate the intrinsic enzymatic activity of respect-
ive CYP2D6 alleles, our study has an important
methodological advantage in that the AmpliChip
CYP450 test enables an exact classification that cannot
be obtained by the hitherto employed methods.

A novel finding of our study is that the C:D ratio was
dependent on the number of CYP2D6"10 alleles. An
association between the number of CYP2D6% 10 alleles
and the C:D ratio has not been previously reported. In
the present study, however, the median C:D ratio
among " 10/"10 homozygotes in the non-co-medicated
group was 1.34-fold higher than that among wild type
individuals in the same group. In the co-medicated
group, the median C:D ratio among *10/*10 homo-
zygotes was 1.9-fold higher than that among wild type
individuals. Thus, the C:D ratio increased as the
number of *10 alleles increased. Furthermore, the
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