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Abstract

Purpose The purpose of the present study was to investigate
the predictive value of the risperidone metabolic ratio for the
individual CYP2D6 genotype.

Methods The determination of risperidone,
9-hydroxyrisperidone, and CYP2D6 genotype was performed
in 89 schizophrenic patients. The receiver operator character-
istic (ROC) method and the area under the ROC curve (AUC)
were used to illustrate the predictive value of risperidone
metabolic ratio for the individual CYP2D6 genotype. The area
under the ROC curve (AUC) was used as a global measure of
this predictive value. To evaluate the proposed cutoff levels of
>1 and <0.1 to identify individuals with a poor or ultrarapid
CYP2D6 genotype the sensitivity, specificity, positive predic-
tive value and negative predictive were calculated.

Results The area under the ROC curve (AUC) for poor and
ultrarapid metabolisers was 0.85 and 0.86, respectively. The
sensitivity, specificity, positive predictive value and negative
predictive value of a risperidone/9—OH-risperidone ratio >1 to
CYP2D6 poor metaboliser genotype were 75 %, 95 %, 60 %
and 97 %, respectively. The corresponding measures for a
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metabolic ratio<0.1 to predict ultrarapid metabolisers were
80 %, 77 %, 18 % and 98 %.

Conclusions A metabolic ratio>1 or<0.1 may be a useful
therapeutic biomarker to recommend CYP2D6 genetic testing
to guide the present or future treatment of patients in need of
psychotropic drugs.

Keywords CYP2D6 genotype - Genetic polymorphism -
Therapeutic drug monitoring - Psychotropic drugs

Introduction

The frequently used antipsychotic drug risperidone undergoes
cytochrome P450 2D6 (CYP2D6) -dependent hydroxylation
to 9-hydroxyrisperidone. The pharmacological activity and
potency of risperidone and 9-hydroxyrisperidone have been
claimed to be similar [1], and the sum of the two compounds is
often referred to as “active moiety”. Although some studies
have reported that the active moiety would not differ between
subjects with different CYP2D6 genotypes [2, 3], more recent
data derived from clinical studies on the effect of CYP2D6
inhibitors instead show that risperidone accumulates in slow
metabolisers without any significant decrease in the corre-
sponding levels of 9-hydroxyrisperidone [4—9]. Polymorphic
CYP2D6 metabolises a wide range of psychotropic drugs.
Different genetic variants, of CYP2D6 indeed contribute to
marked inter-patient variability in the pharmacokinetics of
frequently used antipsychotic drugs, with an obvious potential
to impact on the clinical outcome and in particularly the risk of
adverse events [10-14]. Still, CYP2D6 genotyping has not
been adopted into routine clinical practice within psychiatry
but has been restricted to retrospective analyses in selected
cases[15]. Knowledge of the individual CYP2D6 activity, or
more specifically, the poor or ultra-rapid metaboliser geno-
type, is of potentially high relevance for on-going or future
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drug treatment in psychotic patients. Therefore, analyses of
risperidone plasma levels might provide useful information in
this regard. The purpose of the present study was to investi-
gate the relationship between risperidone metabolic ratio
(MR) and CYP2D6 genotype and assess the predictive value
of risperidone MR to predict genotype.

Methods
Patients and setting

The patients were recruited from psychosis-specialised psy-
chiatric outpatient departments mainly in the Stockholm
County, Sweden, as described previously [16]. Determination
of risperidone, 9-hydroxyrisperidone, and CYP2D6 genotype
were performed by quality-accredited LCMS-based routine
methods in the Therapeutic Drug Monitoring laboratory, De-
partment of Clinical Pharmacology, Karolinska University
Hospital Huddinge, Sweden. In six samples, the risperidone
concentration was detectable but below the lowest limit of
quantification and, therefore, defined as <5 nmol/L in the
TDM database. In these cases, a value of 2.5 nmol/L was
imputated. Routine CYP2D6 genotyping was performed on
DNA isolated from peripheral blood, and determined by PCR-
based TagMan allele discrimination methods, with commer-
cially available assays from Applied Biosystems that discrim-
inate between the CYP2D6*3, *4, *10, *17 and*41 allele
variants and the corresponding sequence of the CYP2D6*1
allele. Carriers of another fully functional CYP2D6 allele (*2)
would be detected as CYP2D6*1, which is irrelevant with
respect to predicted activity. CYP2D6 copy number analysis
(CNA) was performed in all samples, essentially according to
the manufacturer’s protocol (Applied Biosystems). A CNA
result of 0 or 1, as compared to the normal 2, indicates
CYP2D6 gene deletion(s), and was interpreted as a homozy-
gous (CNA=0) or heterozygous (CNA=1) carrier of the
CYP2D6*5 allele variant (see Table 1). Any extra copies of
CYP2D6 (CNA>2) were interpreted as fully functional allele
variants (*/ or *2), as amplification of functional alleles is
more common than that of defect alleles, such *4 or *47 [17].
Admittedly, this might carry a risk of misclassifying a few UM
individuals in our study. Ultrarapid metabolisers (UM) were
defined as carriers of three or more gene copies, poor
metabolisers (PM) were defined as carriers of two null-
alleles (*3, *4, and/or *5), and intermediate metabolisers
(IM) were defined as carriers of at least one partially defective
allele (*10, *41, *17) or maximally one null-allele. Individ-
uals on concomitant treatment with drugs known to inhibit
CYP2D6 were excluded. Identification of these CYP2D6
inhibitors were based on the Flockhart Cytochrome P450
Drug Interaction Table [18] with the addition of thioridazine,
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Table 1 CYP2D6 genotype frequencies in the study population (n=89)

CYP2D6 Number of  Predicted Genotype Frequency
alleles patients metabolic classification (%)
and copy activity
number (% of ¥1/%1)
*1/+1,n=3 5 150 UM 5.6
*1/41,n=2 34 100 EM 38
*1/%41,n=2 9 75 M 47
*1/¥10,n=2 3 60
*1/¥3,n=2 3 50
*1/%4,n=2 18 50
*1/%5,n=1 1 50
*41/%41, 2 50

n=2
*4/441,n=2 3 25
*5/417,n=1 1 25
*5/441,n=1 1 25
*5/410,n=1 1 10
*3/%4,n=2 2 0 PM 9.0
*4/%4,n=2 5
*4/%5,n=1 1

perphenazine and levomepromazine based on available evi-
dence in the literature [9, 19, 20].

Statistical methods

All data on plasma concentrations for risperidone, 9-OH-
risperidone, or the sum of them (i.e., active moiety) was
related to daily dose, by forming concentration-to-dose expo-
sure values (C:D). As the distribution of these concentration-
to-dose values was positively skewed (skewness ranging be-
tween 1.2 and 3.3), nonparametric statistics were used. The
receiver operator characteristic (ROC) method and the area
under the ROC curve (AUC) were used to illustrate the
predictive value of the risperidone metabolic ratio for the
individual CYP2D6 genotype. The area under the ROC curve
(AUC) was used as a global measure of this predictive value
[21, 22]. To evaluate the proposed cutoff levels of >1 and <0.1
for identification of individuals with a poor or ultrarapid
CYP2D6 genotype the sensitivity, specificity, positive predic-
tive value and negative predictive were calculated. To com-
pare the C:D of risperidone, 9-OH-risperidone, and active
moiety, or risperidone/9-OH-risperidone-ratio among patients
with different genotypes, the Kruskal Wallis test was used. P
values <0.05 were considered as significant. The statistical
analyses were performed using IBM SPSS 22.0.

Ethics approval

The study was approved by the Regional Ethics Committee in
Stockholm, Karolinska Institutet.
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Initially, 775 psychotic patients were recruited. While 676 patients
were not using risperidone and ten risperidone-treated patients
also were prescribed a potent CYP2D6 inhibitor, 89 patients
remained for further analysis in this study. The median age was
49 years (range 23-75), and 38 % were women. The median
daily dose of risperidone was 3.0 mg (range 0.9-10 mg/day).

The genotypes of the CYP2D6 variants in the 89 patients
under study are given in Table 1. The most frequent genotypes
were *1/¥1, *1/%4 and * 1/*41 with a prevalence of 39 %, 18 %
and 9 %, respectively. As shown in Table 1, the prevalence of
poor metabolisers (homozygous for two null-alleles) was 9.0 %
and the prevalence of ultrarapid metabolisers was 5.6 %.

The range of the risperidone/9-OH-risperidone ratio in
CYP2D6 ultrarapid metabolisers, extensive metabolisers, inter-
mediate metabolisers and poor metabolisers (1.3, 1.6, 3.5 and 5.4
respectively) is illustrated in Fig. 1. A comparison between dose-

Table 2 The relationships between risperidone and 9-OH-risperidone
and CYP2D6 genotype in patients on maintenance treatment. Plasma
concentration-to-dose (C/D) ratios of risperidone, 9-OH-risperidone, ris-
peridone/9-OH-risperidone ratio and the active moiety (sum of

active moiety and risperidone/9-OH-risperidone ratio is shown in
Table 2. Here, it is evident that the active moiety of risperidone
increased significantly in a step-wise fashion when comparing
the UM, EM, IM, and PM genotypes (12, 16, 17, and
25 nmol L™ mg', respectively, p=0.028). These differences
were explained by an accumulation of risperidone (0.50, 1.6, 3.6
and 18 nmol L' mgfl, respectively) whereas no significant
genotype differences were evident in plasma concentrations of
the active metabolite 9-OH-risperidone (10, 15, 13, and
8.3 nmol L™ mg™", respectively).

Also, the risperidone/9-OH-risperidone ratio increased in
patients genotyped as slower in CYP2D6-dependent metabo-
lism (UM: 0.041, EM: 0.17, IM: 0.30 and PM:
2.7 nmol L™ mg ", respectively, p=0.001). To illustrate the
usefulness of the risperidone/9-OH-risperidone ratio for iden-
tification of individuals being either CYP2D6 PM or UM,
ROC curves were generated (Fig. 2). The area under the

risperidone and 9-OH-risperidone) in 89 patients in four different
CYP2D6 genotype groups. Data are expressed as medians with 25th-
75th percentiles in parenthesis and n=number of subjects

Genotype classification Ultrarapid metabolisers

(UM)

Extensive metabolisers
(EM)

Poor metabolisers
(PM)

Intermediate metabolisers
(M)

risperidone (nmol L' mg™!)! 0.50 (0.22-0.96) n=5
10 (7.0-16) n=5
0.04 (0.02-0.10) n=5

12 (74-16) n=5

9 -OH-risperidone (nmol L' mg ")
Ratio risperidone/ 9-OH-risperidone’

Active moiety (nmol L™! mg ™)'

1.6 (0.63-5.1) n=32
15 (8.8-22) n=31
0.17 (0.05-0.30) n=31
16 (11-25) n=31

3.6 (1.1-8.2) n=39
13 (8.4-18) n=38
0.30 (0.11-0.46) n=38 2.7 (0.57-3.5) n=8

17 (12-22) 25 (19-37)
n=38 n=8

18 (6.4-27) n=8
83 (5.9-13) n=8

! Difference in C/D ratios of risperidone, risperidone / 9-OH-risperidone ratio and active moiety between the different genotypes are statistically

significant (p<0.001, p=0.001 and p=0.028, respectively) (Kruskal Wallis)
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ROC curve (AUC) for poor and ultrarapid metabolisers was 0.85
and 0.86, respectively. The sensitivity, specificity, positive predic-
tive value and negative predictive value of a risperidone/9-OH-
risperidone ratio >1 to predict CYP2D6 poor metaboliser geno-
type were 75 %, 95 %, 60 % and 97 %, respectively. The
corresponding measures for a metabolic ratio<0.1 to predict
ultrarapid metabolisers were 80 %, 77 %, 18 % and 98 % (Fig. 3).

Discussion

In our study cohort, risperidone / 9-OH-risperidone ratio was
useful as a biomarker to predict individuals with poor or
ultrarapid CYP2D6 genotype. Using the previously proposed
cutoff value of 1[8] it was evident that 75 % (6/8) of patients
above this value were lacking functional CYP2D6 on a ge-
netic basis. On the other hand, 97 % (70/72) of non-poor
metabolisers were correctly classified as such having a risper-
idone metabolic ratio<1. This information may be clinically
useful, in particular considering on-going or future treatment
with CYP2D6 drug substrates. In these cases, a risperidone
result indicative of a CYP2D6 PM genotype might facilitate in

Fig. 3 Validity of the
risperidone/9-OH-risperidone

dose selection and potentially reduce the risk of adverse drug
reactions related to high plasma concentrations [23]. Also,
confirmatory genotyping may be considered. The results
from the present investigation also suggest that low
metabolic ratios (<0.1) might be a potential biomarker
for the UM genotype, even though this needs to be
validated in a larger number of patients.

Our results are well in line with the findings presented by
De Leon and co-workers, showing that 95 % (19 / 20) of poor
metabolisers had a metabolic ratio >1 as compared to 13 %
(34 / 257) for the rest of the patients [8]. In our material,
patients on concomitant treatment with established
CYP2D6 inhibitors (n=10) were excluded from the final
analysis of the relationship between risperidone meta-
bolic ratio and CYP2D6 genotype. However, in a retro-
spective analysis, we found that stronger inhibitors of
CYP2D6 convert converted five out of nine patients,
irrespective of genotype, to a poor metaboliser pheno-
type; i.e. ,as here defined by a risperidone metabolic
ratio>1. Among the patients on established CYP2D6
inhibitors, concomitant paroxetine ( n=2) or
levomepromazine ( n=5) were associated with the
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Sensitivity = a / (a+c) = 0.75
Specificity =d / (b+d) = 0.95
Positive Predictive Ratio = a/ (a+b) = 0.6

Negative Predictive Ratio = d / (c+d) = 0.97
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Sensitivity =a / (a+c) = 0.8

Specificity = d/ (b+d) = 0.77

Positive Predictive Ratio = a / (a+b) = 0.18
Negative Predictive Ratio = d / (c+d) = 0.98
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highest risperidone MR (>1), despite the fact that one of
these subjects were genotyped as *1/*1, n=3 and another
one as extensive metaboliser *1/*1, n=2 (data not shown). This
agrees well with previous results on the impact of CYP2D6
inhibitors and also the validity of 1 as the cut-off for PM
definition in risperidone metabolic ratio [9].

Limitations

In the current study, information on time between dosing and
the risperidone sampling was lacking. This may be important
as the half life of risperidone and 9-OH-risperidone differ
leading to a variable ratio depending on sampling time in
relation to last dose intake. This may have contributed to
increased inter-individual variability in our material and a risk
of underestimating the sensitivity and specificity of the meta-
bolic ratio as a biomarker as well as the importance of geno-
type for the level of active moiety.

In summary, we confirm that the CYP2D6 genotype
is important for differences in the active moiety of
risperidone and may, therefore, impact on the clinical
outcome during risperidone treatment. This also
strengthens the indication to perform TDM in patients
that are co-dispensed drugs known to interact with
CYP2D6-dependent drug metabolism, or in patients that
develop pronounced adverse drug reactions at standard
doses. Furthermore, a metabolic ratio>1 or<0.l may be
a useful therapeutic biomarker to recommend CYP2D6
genetic testing to guide the present or future treatment
of patients in need of psychotropic drugs.
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