
The cytochrome-P450 (CYP) enzymes CYP2D6 and
CYP2C19 are involved in the oxidative metabolism
of numerous commonly prescribed psychoactive
drugs, including many antidepressants and anti-
psychotics (1,2). Both CYP enzymes are genetically
polymorphic. Several mutant alleles are known, asso-
ciated with enzyme activities ranging from ultrafast
to a complete absence. Therefore, metabolic capacity
varies from one person to another, leading to variable
drug excretion rates and intersubject differences in
the final plasma drug concentrations. For this reason,
therapeutic response and side effects vary widely be-
tween patients treated with the same dose of drug (3).
Genotyping involves identification of defined genetic
mutations on the CYP genes that give rise to a spe-
cific drug metabolism phenotype. By screening for
genetic variants, every individual can be classified as
either a poor (PM), an extensive (EM) or an ultra-
rapid metabolizer (UM), based on the number of
functional genes present. In general, PMs will de-
velop higher plasma drug concentrations in compa-
rison with EMs, causing an increased risk of side
effects and toxicity when subjected to standard re-
commended doses. UMs, on the other hand, will not
reach therapeutic plasma levels upon treatment with
standard doses, leading to therapeutic failure and
false accusation of non-compliance (1). Identification
of PM and UM subjects particularly is of clinical
importance for adjustment of doses or changing
medication in drug therapy, to assure therapeutic
efficacy with a minimum risk of adverse effects (4).

METHODS

In our psychiatric hospital we have been performing
CYP genotyping for identification of PMs and UMs
routinely since 1997. The standard procedure is de-
picted schematically in figure 1. Every newly admit-
ted patient is screened for the three most common
defective allelic variants of CYP2D6 (i.e. CYP2D6*3,
*4 and *5), the CYP2D6 gene duplication and the

non-functional CYP2C19*2 allele. In Caucasian pop-
ulations this allows identification of about 95% and
80% of poor metabolization caused by 2D6 and 2C19
enzyme deficiency, respectively. The sensitivity of the
2D6 gene duplication test for detection of the UM
phenotype is only about 10-30% (5,6).
The majority of patients start with psychoactive drug
therapy on admission and after 30 days plasma drug
concentrations are measured. When the concentration
exceeds the therapeutic index by 10% or more, the
patients genotypical state, drug dose and (co)medica-
tion are considered by the clinical chemist, in consul-
tation with the pharmacist and an advice is given to
the physician. When the drug concentration/dose
(C/D) ratio is still abnormal after dose adjustment
and/or changing medication, while no aberrant geno-
type was detected with the allelic variants mentioned
above, the patient is screened for the less common
defect gene variants of CYP2D6 (i.e. CYP2D6*6, *7,
*8, *11, *12 and *14) and CYP2C19 (CYP2C19*3,
*4 and *5). By this additional screening, poor meta-
bolism is detectable with respectively close to 100%
(2D6) and about 86% accuracy (2C19). Most of the
allelic variants can be detected by fast and easy
assays based on polymerase chain reaction (PCR)-
restriction fragment length polymorphism (RFLP)
techniques (7).
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Table 1. Genotype frequencies found by routine genotyping in
1880 patients

Genotype Prevalence Number of Phenotype
n (%) functional genes

CYP2D6
*1/*1x2 56 (3.0) 3 UM
*4/*1x2 13 (0.7) 2 EM
*1/*1 1041 (55.3) 2 EM
*1/*3 60 (3.2) 1 EM
*1/*4 562 (29.9) 1 EM
*1/*4x2 7 (0.4) 1 EM
*3/*4 11 (0.6) 0 PM
*3/*3 6 (0.3) 0 PM
*4/*4 117 (6.2) 0 PM
*4/*4x2 7 (0.4) 0 PM

CYP2C19
*1/*1 1400 (74.4) 2 EM
*1/*2 439 (23.4) 1 EM
*2/*2 41 (2.2) 0 PM

The CYP2D6*5 allele is only detected in case of homozy-
gousity (genotype *5/*5; not present in our sample).



RESULTS

About 1000 patients are admitted into our hospital
every year, of whom about half have been admitted
(and genotyped) before. Since genotyping needs to be
done only once in a lifetime, about 500 patients are
screened on a yearly basis. PMs and UMs are found
with prevalences of 9.7 and 3.0%, respectively. This
is comparable to the frequencies reported in other
studies of Caucasian populations (1, 5, 8). Table 1
shows the distribution of the individual CYP2D6 and
CYP2C19 genotypes, found by routine screening of
1880 psychiatric patients consecutively admitted be-
tween 01-01-1997 and 01-01-2000.
In our hospital, a therapeutic plasma-drug level is
reached in almost every patient after drug selection
and/or dose adjustment based upon genotypical state.
However, the clinical significance of a specific CYP
genotype for a specific drug in an individual patient is
not always clear and depends on several factors.
Some of these factors are drug related, like the width
of the therapeutic range of the drug, the activity of
the metabolites, the contribution of the polymorphic
enzyme to the elimination of the drug and the possi-
bility of alternative excretion pathways. Other factors
are patient related, like age, gender, disease state and
environmental factors such as smoking, nutrition, al-
cohol and the use of comedication (9).

CONCLUSIONS

After 3 years of experience we can conclude that
CYP2D6 and CYP2C19 genotyping, performed rou-
tinely in every patient after admission into a psychi-
atric hospital, is a good help in individualization and
optimization of pharmacotherapy. Quite often the
procedure facilitates and accelerates a proper adjust-
ment to psychoactive drugs, which improves the
quality of patient care. Genotyping is rather easy to
perform; it can be done within 24 h and the method
requires only a small blood sample. Of course there is

a considerable cost associated with this routine
screening procedure: about $100 per patient. On the
other hand, treatment expenses are reduced. Thera-
peutic efficiency is increased in a number of patients,
which means less toxic episodes or therapeutic failure
and subsequent intervention (10). Compared with
other psychiatric hospitals, overall no extra costs are
associated with this practice.
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Figure 1. Flow chart for genotyping on admission


