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Clorazepate

Favorable short-term efficacy was obtained in 70% of
the 170 subjects, including 37 SF cases, 31 ME cases, 51
EF cases, and 19 IE cases (Table 3A). The mean dosages
of CLP among these groups were 0.9 £0.4,1.0+£0.3,1.0
+ 0.5, and 1.1 &+ 0.4 mg/kg, respectively, which did not
significantly differ from each other. Favorable long-term
efficacy was obtained in 80% of the 86 subjects, consisted
of 22 SF cases, 19 ME cases, 37 EF cases, and 19 [E
cases {Table 3B). The SF rate was higher in SLRE than
in generalized epilepsies in both short-term efficacy and
long-term efficacy (p = 0.006, p = 0.009, respectively).
Short-term efficacy was better in partial seizures than in
generalized seizures (p = 0.000 for SF, ME or more fa-
vorable, and EF or more favorable; Table 4). In the short-
term subjects, the SF rate was higher in the patients with
focal epileptiform discharges on EEG than in those with
multifocal or generalized epileptiform discharges (p =
0.023, p = 0.017, respectively). The rate of ME or more
favorable cases also was higher in the patients with fo-
cal epileptiform discharges than in those with generalized
epileptiform discharges (p = 0.020). In long-term efficacy,
the SF rate was higher in the patients with focal epilep-
tiform discharges than in those with multifocal or gen-
eralized epileptiform discharges (p = 0.017, p = 0.013,
respectively), and the rate of EF or more favorable cases
also was higher in the patients with focal epileptiform
discharges than in those with generalized epileptiform
discharges (p = 0.009).

In total, 57 episodes of adverse effects occurred in 52
(31%) of 110 patients, including drowsiness, 34 episodes;

increased seizures, six episodes; decreased activity, five
episodes; drooling, four episodes; decreased appetite, four
episodes; ataxia, three episodes; and involuntary move-
ment, one episode. In such cases, CLP was withdrawn
in 27 episodes, reduced in 20 episodes, and maintained
at the same dosage in 10 episodes. The frequency of ad-
verse effects was significantly decreased by medifications
of initial dosage and titration rate (25 of 53 patients be-
fore April 1992, vs. 27 of 117 patients after that date; p =
0.028).

Tolerance developed in 54 (48%) of 112 cases main-
tained on CLP >4 weeks. Such tolerance occurred in 27
cases by 2 months, in 14 cases by 4 months, in six cases
by 6 months, in four cases by 1 year, and in three cases
later than 1 year. CLP once again became EF or better in
27 (50%) of such tolerant cases by maintaining the same
dosage (12 cases) or increasing the dosage (15 cases).
Some cases of tolerance and subsequent CLP discontin-
uation responded to readministration of CLP after a few
months of withdrawal.

DISCUSSION

Clobazam

Overall efficacy of CLB for refractory epilepsies was
71% in the short-term subjects and 81% in the long-
term subjects, and short-term efficacy was not different
between partial seizures (68%) and generalized seizures
(61%). In short-term subjects, CLB was effective in
62% of LGS, 54% of SGE with or without evolution
from WS, and 84% of SLRE. These results, including

TABLE 3. Efficacy of clorazepate and epilepsy classification

A. Short-term efficacy?

Efficacy (% seizure reduction} SF{100%) ME (99-80%) EF (79-50%) IE (<50%) No. of cases
Lennox—Gastaut syndrome (LGS) 1 7 8 14 30
West syndrome (WS)/SGEs evolved from WS 2 2 8 7 19
Other SGEs 4 3 7 2 16
Idiopathic localization-related epilepsies 2 1 1 2 6
Symptomatic localization-related epilepsies 28 16 23 26 93
Undetermined epilepsies (SMEIL, CSWS) 2 4 6
Total no. of cases 37 31 51 51 170
B. Long-term efficacy”

Efficacy (% seizure reduction} SF(100%) ME({99-80%) EF(79-50%) IE(<50%) No.ofcases Discontinued
Lennox—Gastaut syndrome (LGS) : 4 4 4 12 18

West syndrome (W8)/SGEs evolved from WS 1 1 5 4 11 8
Other SGEs 2 3l 5 1 11 5
Idiopathic localization-related epilepsies 1 1 5
_Symptomatic localization-related epilepsies 18 11 19 9 57 36
Undetermined epilepsies (SMEI, CSWS) 4 1 51 |

To1al no. of cases 22 19 37 19 97 73

SF, seizure free; ME, markedly effective; EF, effective; IE, ineffective; SGEs, symptomatic generalized epilepsies; undetermined epilepsies, epilepsies
undetermined whether focal or generalized; SMEI, severe myoclonic epilepsy in infancy; CSWS, epilepsy with continuous spike-waves during slow-

wave sleep,

9LGS + WS/SGEs from WS 4 other SGEs vs. Localization-related epilepsies: p = 0.006 for SF, 0.044 for MF or better, and N3 for EF or better.
bLGS + WS/SGEs from WS + other SGEs vs, localization-related epilepsies: p = 0.009 for SF, NS for MF or better, and for EF or better.
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TABLE 4. Short-term efficacy of clorazepate and seizure type

Efficacy (% seizure reduction) SF (100%) ME (99-80%) EF (79-50%) 1E (<50%) No. of cases
Simple partial 8 5 2 9 24
Complex partial 3 18 12 25 86
Secondarily generalized 33 3 15 1 62
Partiai tonic 7 13 13 14 47
Generalized tonic 5 6 14 20 45
Generalized clonic 2 1 1 4
Generalized tonic-clonic 3 4 3 8 18
Atypical absence 4 2 3 12 21
Myoclonic 4 2 5 14 25
Altonic 1 5 6
Tonic spasms 2 4 3 6 15
Total no. of cases 99 58 ! 125 353

SF, seizure free; ME, markedly effective; EF, effective; IE, ineffective.

Partial seizures vs. generalized seizures: p = 0.000 for FS, for MF or better, and for EF or better.

excellent efficacy in LGS, are very similar to those in
the previous clinical trials for pediatric patients in Japan
(2,3) and a review of 22 open studies (10). Because these
patients have very refractory epilepsies, as described in
the subject selection, the results confirmed excellent ef-
ficacy of CLB against intractable epilepsies. Short-term
efficacy was better in SLRE (84%) than in general-
ized epilepsies except IGE (52%), but long-term efficacy
was not different between these two epilepsy classifica-
tions. CLB tends to have better efficacy for localization-
related epilepsies than for generalized epilepsies, but this
trend was not clearly demonstrated (10,11). Short-term
efficacy was not different between partial seizures and
generalized seizures, as previously reported (12), and
among the patients with focal, multifocal, and general-
ized epileptiform discharges on EEG. The latter findings
have not been discussed.

Adverse effects developed in as many as 47% of the
patients. Tolerance occurred in 24% of the patients, half
by 3—4 months after the initiation of CLB. This high in-
cidence of adverse effects and tolerance are again sim-
ilar to those in the previous pediatric study (2,3) and a
review of 22 open studies (10). The incidence of the ad-
verse effects depended upon dose, and CLB was discon-
tinued in 65% of the patients with adverse events and re-
duced in 21% of them. Some adverse events appeared to
be dependent on faster increments of CLB dosage. Slow
dose increases in such patients reduced the incidence of
adverse effects. Tolerance rate was high, however; 70%
responded to CLB again after increasing or maintaining
the dosage. ’

Clorazepate

Unlike the previous report (4), the present study showed
that overall efficacy was 70% in short-term subjects and
80% in long-term subjects, indicating not only excellent
but also prolonged effectiveness of CLP as an AED. The
effective dosage of CLP has not been clearly established,
but our study revealed that it was ~1 mg/kg,
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The SF rates were more favorable in SLRE than in
generalized epilepsies, both in terms of short-term and
long-term efficacy. The rate of ME or better also was fa-
vorable in SLRE in terms of short-term efficacy. These
findings have never previously been reported. Short-term
efficacy was far better in partial seizures than in gener-
alized seizures, unlike the previous reports (7,8). With
both short-term and long-term efficacies, the SFrates were
higher in the patients with focal epileptiform discharges on
EEG than in those with multifocal or generalized epilepti-
form discharges. The rates of ME or more favorable cases
also were higher in the patients with focal epileptiform dis-
charges than in those with epileptiform discharges. These
findings on EEG and efficacy, which have not previously
been reported, also support the favorable efficacy of CLP
in partial seizures.

Adverse effects, mainly sedative effects, developed in
31% of the patients, and CLP was discontinued in 47% of
the involved patients and reduced in 35% of them. Most ad-
verse events occurred in correlation with high initial doses
and rapid dosage increase. Modification of CLP initiation
rate significantly lowered the incidence of adverse effects.
On the basis of this reduction of adverse effects, together
with excellent efficacy, the present modified use of CLP
seems {0 be appropriate.

Tolerance occurred in as many as 48% of the patients,
and the incidence seems to be highest among benzodi-
azepines (BZDs). However, the present study showed that
tolerance developed in 50% of the cases by 2 months af-
ter the initiation of CLP, and the incidence gradually de-
creased, It rarely occurred 6 months after the initiation of
CLP. Despite the high incidence of tolerance, 50% of such
cases were found to respond to CLP again by increasing
or maintaining the dosage, and some involved cases re-
sponded to readministration of CLP after a few months of
discontinuation. :

In conclusion, excellent efficacy of CLP for refractory
epilepsies and frequent adverse effects (47%) and toler-
ance (24%) of the drug were confirmed, as reported in



NEW AEDS CLOBAZAM AND CLORAZEPATE 25

the previous studies. CLB was effective for 71% of re-
fractory epilepsies, even in nonresponders to conventional
BZDs, particularly for localization-related epilepsies. The
high incidence of adverse effects and tolerance were major
problems but manageable to some extent.

CLP was demonstrated to have excellent and prolonged
efficacy for intractable epilepsies. CLP was effective for
70% of refractory epilepsies, particularly for localization-
related epilepsies and in patients with partial seizures or
focal epileptiform discharges on EEG. Frequent develop-
ment of tolerance (48%) and adverse effects (31%) also
was a major problem but manageable.
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Abstract

N-desmethylclobazam (N-CLB), the major metabolite of clobazam (CLB), exerts a large influence on therapeutic and adverse effects of
CLB. A substantial inter-individual variability has been observed in the ratios of N-CLB concentration/CLB dose and of the N-CLB/CLB
concentration. We document here a genotype—phenotype correlation between CYP2C19 polymorphisms and those ratios. Patients with two
mutated CYP2C19 alleles show significantly higher ratios than those with the wild type genotype: patients with one mutated allele exhibited
intermediate trait. That is, the degree of elevation in the ratios was dependent on the number of mutated alleles of CYP2C19 {gene-dose
effect). The N-CLB concentration/CLB dose ratio of patients with two mutated alleles was more than six fold higher than that of wild type
patients. Thus, the serum N-CLB/CLB concentration ratio may be a valuable parameter to screen for patients at risk for side effects. Such
precautions may be clinically relevant in populations where the mutant allele frequency is high, such as in Asian populations (~35%).
Patients co-medicated with CYP3A4 inducer showed lower CLB concentration/CLB dose ratios and higher N-CLB/CLB concentration
ratios. The overall effect of CYP3A4 inducer on N-CLB metabolism, however, was smali and, thus, we conclude that the CYP2C19 genotype
is the major determinant of the N-CLB concentration. For this reason it is crucial for the better management of epilepsy and other chronic
illnesses in general to establish the correlation of genotype of CYP enzymes and pharmacokinetics/dynamics of drugs.
© 2004 Elsevier B.V. All rights reserved.

Keywords: Clobazam; Pharmacogenetics; CYP; P450; Benzodiazepine; Poor metabolizer

1. Introduction concentration/weight-adjusted CLB dose [4] and in the ratio
of the serum N-CLB/CLB concentration has been observed

Clobazam (CLB) is a benzodiazepine analog and has  With therapeutic drug monitoring. _
been widely used as an anti-epileptic drug (AED), often in The v‘anablhty in the serum N-CLB concentranon/CFB
combination with other AEDs. N-desmethylclobazam (N- dose ratio and in the serum N-CLB/CLB concentration

ratio has been partly accounted for by concurrent medi-
cation [5,6], especially in patients receiving drugs with
phenobarbital, carbamazepine, and phenytoin [7]. Co-
medication with those drugs induces CYP3A4, the major
isoenzyme of the cytochrome P450 (CYP) enzyme family
which plays a dominant role in the biotransformation of
diverse drugs. CYP3A4 metabolizes CLB to N-CLB, and
leads to the increased serum N-CLB/CLB concentration
ratio. However, in patients who are not receiving CYP3A4
inducers, the serum N-CLB concentration is still not

CLB), the major metabolite of CLB, demonstrates a longer
half-life, and much higher steady-state plasma concen-
~ {ration as compared to the parent drug CLB [1,2], exerting a
larger influence on therapeutic and adverse effects of
treatment {2,3]. Hence, it has been strongly recommended
that the serum concentrations of not only the parent drug,
CLB, but also the metabolite, N-CLB, be routinely
measured. In this regard it is of note that a substantial
inter-individual variability in the ratio of the serum N-CLB

* Corresponding author, Tel.: +81-3-3353-1211x62364; fax: +81-3- predictable from the initial CLB dose alone. o
5379-1978. CYP2C19, another member of the CYP family is
E-mail address: tata@sc.itc.keio.ac.jp (T. Takahashi). involved in the metabolism of several commonly prescribed
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drugs, including mephenytoin [8] and omeprazole {9]. It
was first implicated in the metabolism of N-CLB based on
the observation that the serum N-CLB concentration/CLB
dose ratio and the serum N-CLB/CLB concentration ratio
were significantly increased in patient(s) concurrently
medicated with felbamate, an inhibitor of CYP2C19 [6].
Recently, Contin et al. [10] documented two patients with
elevated serum N-CLB concentration/CLB dose ratios and
N-CLB/CLB concentration ratios; one of these patients was
homozygous and the other was heterozygous for the
mutated allele of CYP2C19. The heterozygous patient was
further reported in the recent issue of this journal [11].

It is known that in patients with CYP2C19 mutated
alleles the metabolism of such drugs as mephenytoin and
omeprazole is reduced [12). A single base pair substitution
(guanine to adenine) in exon 5 of CYP2C19 (the *2 yarjant
according to the international nomenclature for the P450
alleles [13]) creates an aberrant splice site that alters the
reading frame of the mRNA, starting with amino acid 215,
and produces a premature siop codon 20 amino acids
downstream [14]. A single base pair mutation (guanine to
adenine) at position 636 in exon 4 of CYP2C19 (the *3
variant according to the international nomenclature), also
results in a premature stop codon [15]. Hence, both
CYP2C19%2 and *3 alleles result in a truncated, non-
functional protein.

There are inter-racial differences in the allele frequency
of the *2 and *3 alleles of CYP2C19. The combined
frequency of *2 and *3 alleles is much higher m the
Japanese population (35%) {15—-17] than in the Caucasian
population (20%). Furthermore, the *2 and *3 alleles
account for almost all of the individuals with the ‘poor-
metabolizer’ phenotype in the Japanese population [15-17].
Giving careful consideration to such a unique population
structure among Japanese, we tested whether the CYP2C19
genotype was associated with an altered metabolism of CLB
and N-CLB among Japanese patients receiving CLB for the
treatment of epilepsy.

Table 1

2. Subjects and methods

A group of 16 patients, between the ages of 1.5 and 33
years (median, 7 years), were recruited from the Neuro-
pediatrics Clinic at the Keio University Hospital (Table 1).
All patients had received oral administration of tablets or
granules of CLB (Mystan; Dainippon, Co. Ltd, Osaka,
Japan) with the dose unchanged at least for 4 weeks at the
time of study. In 6 out of 16 patients, the underlying
neurological conditions were documented: these included
subdural hematoma, intracerebral hemorrhage, meningoen-
cephalitis, megalencephaly, neurofibromatosis, and brain
abscess, All the patients were concomitantly receiving other
AED:s. Seven patients were receiving at least one AED(s)
with CYP3A4-inducing properties (inducers: carbamaze-
pine, phenytoin, and phenobarbital), whereas 9 patients
were receiving only anti-epileptic drug(s) without CYP3A4-
inducing properties (non-inducers: valproic acid, ethosux-
imide, and zonisamide) [7]. Serum concentrations of CLB
and N-CLB were measured using gas chromatography-mass
spectrometry [16]. We assumed that the spot concentrations
represented the steady-state concentrations [4] because the
steady state is reached within about 4 days of repeated doses
for CLB and within 10 days for N-CLB [1]. The study
protocol was approved by the institutional review board,
and all the participants or the parent(s) of the participants
provided their written informed consent.

Genomic DNA was isolated from whole blood samples
using the QIAamp Blood Kit (QIAGEN, Hilden, Germany),
and CYP2C19*2 and CYP2C19*3 mutations were detected
by polymerase chain reaction using previously described
primers [17]. The amplified fragments were analyzed using
either an autosequencer (ABI PRISM 3100, Applied
Biosystems) or a denaturing high-performance liquid
chromatography (DHPLC) system (Transgenomic,
Omaha, NE) using a previously described method [18].
Since both the CYP2C19+*2 and *3 alleles abolish protein

Demographic characteristics of patients grouped according to CYP2CI9 genotype

Group 1 Group 2 Group 3 Significance”
(n="7 (n=2~6) (n=73)
Age (year)
Mean 6.79 143
Range 1.5-14 5-33
Male/female 4/3 21 NS
Body weight (kg)" 228 * 10.7 337 = 15.2 367 = 325 NS
Dose (mg/kg per day)” 0.28 + 0.19 0.32 £ 0.19 0.39 + 0.26 NS
Cys (ng/ml)*
CLB 130 = 130 219 = 196 163 £ 96 NS
N-CLB 586 > 459 2015 *= 1333 4806 * 2575 P <005

Patients are classified according to the total count of mutated allele(s) into three groups (abscissa): group 1, CYPZC19 *1/*1; group 2, CYP2C19 *1/*2 or
CYP2C19 *1/%3; group 3, CYP2CI9 *2/+2, CYP2CI9 *3/*3, or CYP2C19 *2/*3. C, steady-state ssrum concentration; NS, not significant.

* Significance determined by Tukey-Kramer or Fisher exact test.
* Data are expressed as mean * standard deviation.
* Comparison between groups 1-2 and groups 1-3.
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function [14,15], their contributions to the poor-metabolizer
phenotype were expected to be comparable.

We classified the patients according to the total count of
mutated allele(s): group 1, CYP2C19 *1/*1; group 2,
CYP2C19 *1/*2 or CYP2C19 *1/*3; group 3, CYP2C19
*2/%2, CYP2C19 *3/*3, or CYP2C19 *2/*3, The patients
were also cross-classified based on the presence or absence
of a CYP3Ad4-inducer co-medication. Differences in the
response variables including the CLB concentration/CLB
dose ratio, the NCLB concentration/CLB dose ratio, and the
N-CLB/CLB concentration ratio among the groups were
then evaluated using a two-way ANOVA with more than
one observation per cell (S-plus, Insightful, USA).

3. Results

The number of patients with each genotype was as
follows: CYP2C19 *1/*]1, n =7, CYP2C19 *1/*2, n = 4;
CYP2CI19 *1/#3, n = 2; CYP2C19 *2/*2, n = 2; CYP2C19
*3/%3 5 =0, CYP2C19 *2/*3, n = 1. Hence, there were 7
patients in group 1 (*1 homozygotes), 6 patients in group 2
(heterozygotes for *2 or *3), and 3 patients in group 3
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Fig. 1. Gene-dose effect of CYP2C19 polymorphism on the serum CLB
concentration/CLB dose ratio {A) and on the serum N-CLB concentra-
tion/CLB dose ratio (B). Patients are classified according to the total count
of mutated allele(s) into three groups (abscissa): gronp 1, CYP2C19 *1/*1;
group 2, CYP2C19 *1/*2 or CYP2C19 *1/*3; group 3, CYP2CLS *2/*2,
CYP2CH9 *3/*3, or CYP2CI9 *2/*3. A, Patients receiving CYP3A4-
inducing co-medication(s); O, patients receiving CYP3A4-non-inducing
co-medication(s).

(homozygotes for *2 or compound heterozygotes for *2 and
*3). The background characteristics (age, sex, weight,
dose/weight) were comparable among the three groups
(summarized in Table 1).

The serum concentrations of CLB and N-CLB (ng/ml)
adjusted for the daily dose of CLB per body weight (mg/kg
per day) were compared among the three groups (Fig. 1).
The mean values for the CLB concentration/CLB dose
ratios in groups 1, 2, and 3 were 443, 819, and 457 ng/ml per
mg/kg/day, respectively (Fig. 1A). The mean values for the
N-CLB concentration/CLB dose ratios in groups 1, 2, and 3
were 2111, 7156, and 13,504 ng/ml per mg/kg/day,
respectively (Fig. 1B). Thus, the effect of the number of
mutated allele(s) of CYP2C19 (a gene-dose effect} on the
N-CLB concentration/CLB dose ratio was robust whereas
such an effect was not observed with respect to the CLB
concentration/CLB dose ratio. The N-CLB/CLB concen-
tration ratio increased as the number of mutated allele(s)
increased, again suggestive of a gene-dose effect (Fig. 2).

Within each of groups 1-3, patients receiving the
CYP3A4-inducer co-medication tended to have a lower
CLB concentration/CLB dose ratio (Fig. 1A), a lower
N-CLB concentration/CL.B dose ratio (Fig. 1B) and a higher
N-CLB/CLE concentration ratio than those not receiving
CYP3A4-inducer (Fig. 2). Thus, we have evaluated
differences in the ratios (CLB concentration/CLB dose,
N-CLB concentration/CLB dose, N-CLB/CLB concen-
tration) between patients receiving inducer and those not:
a two-way ANOVA was applied by cross-classifying each
of the three groups in two-ways, based on the presence or
absence of CYP3Ad-inducer co-medication. The CLB
concentration/CLB dose ratio was invariable and indepen-
dent of the genotype category (P = 0.63) but significantly
decreased in the presence of CYP3A4-inducing co-medi-
cation (P = 0.005). The N-CLB concentration/CLB dose
ratio was strongly dependent upon the genotype category
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Fig. 2. Gene-dose effect of CYP2C19 polymorphism on the serum N-
CLB/CLB concentration ratio. Patients are classified according to the total
count of mutated allele(s) into three groups (abscissa): group 1, CYP2CI19
*[/*1; group 2, CYP2CI19 *1/%2 or CYP2C19 *1/*3; group 3, CYP2CI9
*2/%2  CYP2C19 *3/%3, or CYP2CI9 *2/*3. A, Patienis receiving
CYP3A4-inducing co-medication(s); O, patients receiving CYP3A4-non-
inducing co-medication(s).
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(P < 0.0001) and significantly decreased in the presence of
CYP3A4-inducing co-medication (P = 0.01). The N-CLB/
CLB concentration ratio was strongly dependent upon the
genotype category (P < 0.0001) and increased in the
presence of CYP3A4-inducing co-medication (P = 0.04).

4. Discussion

In the present study, we documented a genotype-—
phenotype correlation between two mutated CYP2C19
polymorphisms and the N-CLB concentration/CLB dose
ratio as well as the N-CLB/CLB concentration ratio. Those
ratios in the patients with two mutated CYP2C19 alleles
(group 3 in this study) were significantly higher than those
in patients with the wild type genotype (group 1). Patients
with one mutated allele (group 2} exhibited an intermediate
trait. These observations give further credence to the notion
that CYP2C19 is involved in the degradation of N-CLB
[101.

When the patients in each group were cross-classified
based on the presence or absence of CYP3A4-inducing co-
medication, patients co-medicated with CYP3A4 inducer
tended to have lower CLB concentration/CLB dose ratios
and higher N-CLB/CLB concentration ratios. These
changes in the two ratios are most likely to be due to
elevated expression of CYP3A4 which converts CLB to
N-CLB. However, the overall effect of a CYP3A4 inducer
on N-CLB metabolism was smaller than that of CYP2C19
polymorphism. We conclude that CYP2C19 genotype is
the major determinant of the steady-state concentration of
N-CLB.

From a clinical standpoint, it is important to note that the
mean values for the N-CLB concentration/CLB dose ratio of
patients with two mutated alleles (group 3) were more than
six fold higher than those of wild type patients (group 1).
Although anti-epileptic potency of N-CLB has been
reported to be one-fourth of that of CLB [19,20], it is
highly likely that patients with two mutated alleles are
susceptible to a higher incidence of side effects given a
significant increase in the N-CLB concentration in group 3.
Indeed, while receiving a standard dosage of CLB, one of
the patients with two mutated alleles experienced excessive
somnolence, one of the common adverse effects of CLB.
Thus, a large-scale prospective study is warranted to
determine whether homozygosity for 2 CYP2C19 mutation
-predisposes -an -individual to a higher incidence of side
effects.

The serum N-CLB/CLB concentration ratio may be a
valuable parameter for detecting patients with CYP2C19
polymorphisms: All three patients with two™mutated
CYP2C19 alleles (group 3) had N-CLB/CLB concentration
ratios of 25 or more. We recommend that the N-CL.B/CLB

.-.concentration ratio be closely monitored at the initial phase
of CLB therapy in order to screen patients with two mutated
~....alleles (group 3) who may be at risk for developing side
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effects if the standard dose of CLB is prescribed. Such
precautions may be clinicatly relevant in populations-where
the mutated allele frequency is high, such as in Asian
populations (15-20%). In interpreting the N-CLB/CL.B
concentration ratio, it should be noted that in those patients
taking CYP3A4-inducing co-medication the ratio may be
elevated in heterozygotes (group 2) as well.

The degree of elevation in the N-CLB concentra-
tion/CLB dose ratio and that in the N-CLB/CLB concen-
tration ratio were dependent on the number of mutated
alleles of CYP2C19. This gene-dose effect recapitulates
observations for omperazole, a proton pump inhibitor which
also is metabolized by CYP2C19 [12]. Omperazole
produces a greater cure rate for gastric ulcers and
accompanying Helicobacter pylori infections in patients
with heterozygous as well as homozygous mutations of
CYP2C19 because blood levels are higher in these
individuals [21]. Therefore, it is likely that not only the
blood concentration of N-CLB (established in this study)
but also the efficacy of the drug for the treatment of epilepsy
(both therapeutic and adverse effects) is gene-dose depen-
dent. Studies with a more homogeneous patient population
with a larger number of patients enrolled will allow such an
assessment,

The limitations of the present study are two-fold. First,
the CLB and N-CLB concentrations were measured only at
a single time point, as opposed to multiple points. However,
all the patients had been receiving CLB for much longer
than the periods required to reach a steady-state levels of
CLB and N-CLB [11. Thus, it is assumed that a single data
point is likely to represent the steady-state concentration. A
formal population pharmacokinetic evaluation [22] would
allow the N-CLB concentration to be predicted based on the
patient’s genotype. Second, the patients were only screened
for the *2 and *3 alleles. Hence, some of the *2 or *3
heterozygotes who were not receiving CYP3A4 inducers
but who had elevated N-CLB concentration/CLB concen-
tration ratios may have actually been compound hetero-
zygotes. However, the rarity of mutated alleles other than *2
and *3 in the Japanese population makes such concerns
merely theoretical. When studying other ethnic groups,
however, screening for other mutated alleles may be
necessary, considering that several new alleles of
CYP2C19 that induce coding changes were recently
identified [23].

Qur data indicate that three different patient groups
(wild-type, heterozygotes for the mutated alleles, and
mutation homozygotes or compound heterozygotes) may

“respond to CLB in distinctive manners. In future evaluations

of new AEDs, the genotype of the subject should be

-~considered as a critical confounding factor when the drug

under development, or its active metabolite, is targeted by a
highly polymorphic drug metabolizing enzyme, such as in
the presently reported situation with CYP2C19. Further-
more, the results of clinical trials performed in one ethnic
group or country should be carefully interpreted when
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applied to another group or country because the gene

frequency of the mutated allele(s) can vary significantly

among different ethnic groups. Lastly we emphasize that it

is of crucial clinical importance for the betier management

of epilepsy and other chronic illnesses in general to establish

the correlation of genotype of CYP enzymes and pharma-
- cokinetics/dynamics of drugs.
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