
primary biliary cirrhosis is another function that has been sug-
gested2 and that possibly could be suitable for drugs eliminated
by biliary excretion. Even though a specific classification is used
for including subjects in the study, evaluation of data and dose
recommendations may very well be based on relevant indi-
vidual laboratory parameters (albumin levels, prothrombin
time, bilirubin levels, alkaline phosphatase levels, fibrinogen
levels, and so on). Sponsors and regulatory authorities also
need to consider that the characteristics of the classification
systems are not well known by the prescribers.

In conclusion, we have presented several arguments dis-
qualifying the Maddrey function as a general marker for hepatic
function in pharmacokinetic trials. An inappropriate and routine-
like classification of hepatic impairment may result in the selec-
tion of a study population that does not reflect the effects of
reduced elimination capacity and a study with a low predictive
value for patients at risk. Clearly, there is a need for further
development with respect to what hepatic marker or classifica-
tion systems to use in pharmacokinetic hepatic impairment stud-
ies. The pharmaceutical industry is encouraged to implement its
knowledge of the mechanism of drug elimination into the design
of the studies and to further explore hepatic markers that may be
used for characterizing the pharmacokinetic profile of drugs
dependent on hepatic function for their elimination.
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Pharmacokinetics of voriconazole and cytochrome
P450 2C19 genetic status

To the Editor:
Recently, Romero et al1 reported in the Journal that voricon-

azole, a broad-spectrum antifungal agent, increased the area
under the plasma concentration–time curve of cyclosporine
(INN, ciclosporin) by 1.7-fold. The potential for drug inter-
actions such as this may depend on plasma concentrations.
Voriconazole is metabolized by a cytochrome P450 (CYP)
isozyme, CYP2C19,2 which shows genetic polymorphism.
The percentage of poor metabolizers (PMs) is approximately
20% among Japanese subjects.3-5 However, the relationship
between CYP2C19 genetic status and voriconazole pharma-
cokinetics is still unclear. Thus we assessed the pharmacokinet-
ics of repeated oral administration of voriconazole in relation
to CYP2C19 genetic polymorphism in healthy Japanese sub-
jects. In a protocol approved by the Institutional Review
Board of Shinpukai Maruyama Hospital, Hamamatsu, Japan,
voriconazole was administered orally at multiple doses of 200
and 300 mg twice daily for 10 days. The study was conducted
with 6 subjects per group. Analysis of CYP2C19 genetic
polymorphism was conducted by means of polymerase chain
reaction–restriction fragment length polymorphism and deter-
mination of its nucleic acid base sequence. In the 200-mg
administration group, 3 of 6 subjects were CYP2C19 exten-
sive metabolizers (EMs), 1 was a PM, and 2 were heterozy-
gous extensive metabolizers (HEMs). In the 300-mg admin-
istration group, 3 of 6 subjects were EMs, 1 was a PM, and 2
were HEMs. The values for maximum observed plasma con-
centration on day 10 of the 2 CYP2C19 PMs were approxi-
mately 3 times higher than the mean values among the EMs.
The values for area under the plasma concentration–time
curve on day 10 in the 200- and 300-mg administration
groups were approximately 5.8 and 3.8 times higher, respec-
tively, among the 2 PMs than the EMs. Trough concentrations
also suggest that PMs are exposed to higher concentrations of
voriconazole compared with those of EMs (Fig 1). However,
in the 200-mg administration group, 1 HEM subject was
exposed to a higher concentration, whereas another subject
was exposed to a concentration similar to that of EMs (Figs 1
and 2). This may suggest another possible metabolic pathway,
because voriconazole is a substrate not only for CYP2C19 but
also for CYP2C9 and CYP3A4.2 Voriconazole is mainly
metabolized to the N-oxide (UK-121,265), followed by the
glucuronide (UK-215,364), which is excreted in the urine. In
this study, urinary excretion of the glucuronide in EMs was
higher than that in PMs, suggesting that CYP2C19 contrib-
utes to the conversion of voriconazole to the main metabolite
(UK-121,265).

One subject who was genotyped as a PM for CYP2C19
had raised liver function test values in the 300-mg adminis-
tration group. These preliminary observations suggest that
CYP2C19 genotype should be evaluated as a factor in the
pharmacokinetics of voriconazole and perhaps also in drug
interactions or adverse events associated with it.
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Fig 1. Plasma concentrations of voriconazole in Japanese subjects taken immediately before
morning dose during period of 200- or 300-mg twice-daily oral doses. PM, Poor metabolizer; HEM,
heterozygous extensive metabolizer; EM, extensive metabolizer.

Fig 2. Plasma concentration of voriconazole in Japanese subjects after morning doses on days 1 and
10 during period of 10-day twice-daily oral doses of 200 mg.
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