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WHAT IS ALREADY KNOWN ABOUT
THIS SUBJECT
• Pharmacokinetic variability of voriconazole

is largely caused by CYP3A4- and
CYP2C19-mediated metabolism.

• Oral bioavailability of voriconazole has been
claimed to be almost 100%, thus facilitating
a change from intravenous to oral
application without dose adjustment.

WHAT THIS STUDY ADDS
• For the first time voriconazole exposure

after intravenous and oral administration in
relation to CYP2C19 activity is reported.

• In addition, the predominant metabolic
pathway is the hydroxylation that seems to
be influenced by the CYP2C19 genotype.

• Enterohepatic circulation of both
hydroxylated metabolites must be
anticipated.

AIMS
The aim was to determine the pharmacokinetics of voriconazole after a
single oral dose in comparison with intravenous (i.v.) administration in
healthy individuals stratified according to the cytochrome P450 (CYP) 2C19
genotype. In addition, the possible metabolic pathways and their
modulation according to CYP2C19 genotype were investigated after oral
and i.v. administration of voriconazole.

METHODS
In a single-centre, open-label, two-period crossover study 20 participants
received single doses of 400 mg voriconazole orally and 400 mg
voriconazole intravenously in randomized order. Blood and urine samples
were collected up to 96 h post dose and the voriconazole and three major
metabolites were quantified by high-performance liquid chromatography
coupled to mass spectroscopy.

RESULTS
Absolute oral bioavailability of voriconazole was 82.6% (74.1, 91.0). It
ranged from 94.4% (78.8, 109.9) in CYP2C19 poor metabolizers to 75.2%
(62.9, 87.4) in extensive metabolizers. In contrast to voriconazole and its
N-oxide, the plasma concentrations of both hydroxylated metabolites
showed a large second peak after 24 h. Independent of the route of
administration, voriconazole partial metabolic hydroxylation after i.v.
administration was eightfold higher compared with N-oxidation
[48.8 ml min-1 (30.5, 67.1) vs. 6.1 ml min-1 (4.1, 8.0)]. The formation of
the metabolites was related to CYP2C19 activity.

CONCLUSIONS
Independent of the route of administration, voriconazole exposure was
three times higher in CYP2C19 poor metabolizers compared with extensive
metabolizers. Voriconazole has a high bioavailability with no large
differences between the CYP2C19 genotypes. The hydroxylation pathway
of voriconazole elimination exceeded the N-oxidation, both influenced by
the CYP2C19 genotype.
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Introduction

Voriconazole is a new triazole antifungal agent, with
potent activity against a broad spectrum of clinically
significant pathogens, including invasive and pulmonary
aspergillosis, invasive fluconazole-resistant candidiasis
caused by Candida albicans, C. glabrata and C. krusei, and
infections caused by emerging pathogens, such as Sce-
dosporium and Fusarium spp. [1, 2].

According to in vitro studies, voriconazole is mainly
primarily metabolized by CYP2C19 and CYP3A4 [3], with
CYP2C19 contributing largely to the significant pharmaco-
kinetic variability [4]. Because these enzymes are respon-
sible for the main metabolic pathways of many drugs,
there is a considerable potential for drug interactions,
including both inhibition and induction of voriconazole
metabolism by other drugs. Indeed, inhibition of voricona-
zole metabolism by omeprazole [1, 5] or ritonavir [6] and
induction by phenytoin [7] or St John’s wort [8] have been
reported.

In addition, voriconazole pharmacokinetics are sub-
stantially influenced by the underlying CYP2C19 genotype
[4, 5, 8, 9], which represents the most important known
covariate determining exposure with voriconazole. Indi-
viduals may be classified as ‘poor’ (PM) or ‘extensive’
metabolizers (EM) on the basis of their ability to metabo-
lize (S)-mephenytoin because the identity of the (S)-
mephenytoin hydroxylase with cytochrome P450 2C19 has
been demonstrated [10]. Most interindividual variation in
the function of CYP2C19 is explained by the variant
CYP2C19*2 [11], but worldwide a number of other variants
may have to be considered, in particular CYP2C19*3 [12,
13]. A co-dominant mode of inheritance has been consis-
tently seen, and thus heterozygous carriers of CYP2C19
have about half of the activity of the homozygous carriers.
A promoter variant has been described recently, termed
CYP2C19*17, resulting in very rapid metabolism [14]. In
the Asian population there is a higher frequency of this
trait (12–23%) than in Whites (1–6%) or Black Africans
(1–7.5%) [15]. The clinical impact of CYP2C19 depends on
whether the drugs are converted to active or inactive
metabolites.

A reduction of voriconazole metabolic clearance in PMs
of CYP2C19 is expected but has never been assessed. Data
published to date indicate approximately threefold higher
voriconazole area under the curve (AUC) or peak plasma
concentration (Cmax) values in CYP2C19 PMs compared
with homozygous EMs [9, 16].

In the overall voriconazole metabolism CYP3A4 plays a
rather minor role, because the affinity of voriconazole to
CYP3A4 is about 50-fold lower than to CYP2C19 [3].

Several studies have claimed that after oral admini-
stration voriconazole is rapidly and almost completely
absorbed, thus allowing switching between intravenous
(i.v.) and oral formulations without dose modification [17],
but most of the study designs disregard the genetic

variability of drug-metabolizing enzymes of the involved
study population. We therefore investigated the absolute
bioavailability of voriconazole after a 400 mg single oral
and 400 mg i.v. administration in healthy individuals
stratified according to the three predominant CYP2C19
genotypes. In addition, the N-oxidation and hydroxylation
pathways of voriconazole metabolism (Figure 1) and
their modulation according to genetic polymorphism of
CYP2C19 were investigated.

Methods

The study protocol (EudraCT: 2005-001649-41) was
approved by the Ethics Committee of the Medical Faculty
of the University of Heidelberg (Germany) and was autho-
rized by the competent authority (BfArM, Germany). The
study was conducted at the Department of Internal Medi-
cine VI, Clinical Pharmacology and Pharmacoepidemiology
in accordance with the Declaration of Helsinki and sub-
sequent amendments. Written informed consent was
obtained from each participant before inclusion.

Study population
Twenty healthy participants consisting of 12 male and
eight female non-smoking White individuals (age 20–38
years) were enrolled. All participants has been drug free for
at least 6 weeks before entry into the study. They were
ascertained to be healthy by clinical examination, electro-
cardiography and routine laboratory tests. Women were
required to undergo pregnancy testing and were enrolled
only if the result was negative and they were using a
barrier contraceptive.

Study design
A single-centre, randomized, open, two-way, crossover
study was carried out with single oral and i.v. doses of
voriconazole. Polymorphisms of CYP2C19 were deter-
mined before study inclusion and finally participants were
stratified according to each genetic group for a maximum
of eight participants to each group:

group 1: CYP2C19*1/*1 (n = 8; EM)
group 2: CYP2C19*1/*2 or *1/*3 [n = 8; heterozygous EM
(HEM)]
group 3: CYP2C19*2/*2, *2/*3, or *3/*3 (n = 4; PM).

The presence of the CYP2C19*2 or *3 allele in the
genomic DNA derived from leucocytes of the participants
was determined by using the hybridization probes format
(LightCycler CYP2C19 Mutation Detection Kit with specific
primers) on a LightCycler™ (both obtained from Roche
Applied Science, Mannheim, Germany). The presence of
the wild-type allele CYP2C19*1 was inferred from the
absence of the *2 and the *3 allele.

Voriconazole bioavailability and metabolism
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On study day 1 participants of group A received
400 mg voriconazole (two tablets VFEND®) together with
200 ml of water at approximately 08.00 h. Participants of
study group B received a single 2 h infusion of 400 mg
voriconazole at approximately 08.00 h. After a wash-out
period of 14 days, all participants received voriconazole
using the other route of administration. All participants
had to fast from 12 h before until 4 h after the administra-
tion of voriconazole on study days 1 and 15. Alcoholic and
caffeinated beverages were not allowed from 24 h before
study day 1 until study day 5 and from 24 h before study
day 15 until study day 19. During the whole study (days

1–19) beverages containing grapefruit juice were not
allowed due to the known enzyme inhibition. The time of
voriconazole ingestion or start of the infusion was defined
as 0 h and 0 min, with reference to all previous and subse-
quent study times made relative to this time point. For
safety reasons an ECG monitoring was carried out over 4 h
after voriconazole administration using a Surveyor II moni-
toring system (Mortara Instruments, Essen, Germany). After
4 h all participants received a standard fat-free lunch. Par-
ticipants stayed at the Clinical Research Unit of the Depart-
ment for 10 h after drug administration. Ambulatory visits
were performed on the following 4 days.
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Metabolic pathways of voriconazole investigated in this study

I. Scholz et al.

908 / 68:6 / Br J Clin Pharmacol



Blood samples after oral administration were taken
before voriconazole, at 0.083, 0.167, 0.250, 0.333, 0.417, 0.5,
0.583, 0.667, 0.833, 1, 1.167, 1.333, 1.5, 1.667, 1.833, 2, 2.25,
2.5, 3, 4, 6, 8, 10, 24, 25, 33, 48, 72 and 96 h after drug admin-
istration. After i.v. administration samples were drawn
immediately before start of the infusion, at 0.083, 0.167,
0.25, 0.333, 0.417, 0.5, 0.583, 0.667, 0.833, 1, 1.167, 1.333, 1.5,
1.667, 1.833 and 2 h during the infusion, and at 2.083,
2.167, 2.25, 2.333, 2.5, 3, 4, 6, 8, 10, 24, 25, 33, 48, 72 and 96 h.
Blood samples were immediately centrifuged at 4°C and
separated plasma was stored at -20°C until analysis. The
participants collected their entire urine from 0 to 24 h,
from 24 to 48 h, from 48 to 72 h, and from 72 to 96 h after
voriconazole administration. A 10 ml aliquot of each was
kept frozen at -20°C until analysis.

Quantification of voriconazole and metabolites
Concentrations of voriconazole, voriconazole-N-oxide,
hydroxyvoriconazole (OH-voriconazole) and dihydrox-
yvoriconazole (DiOH-voriconazole) in plasma and urine
were determined after solid-phase extraction on the basis
of a high-performance liquid chromatography assay [18]
and optimized by using mass-spectrometric detection (LC/
MS/MS) [8]. The limit of quantification was 0.05 mg ml-1 for
voriconazole and its three main metabolites and the cali-
bration ranged from 0.05 to 10.0 mg ml-1 with coefficients
of variation always <10%.

Calculations and statistics
Data are presented as mean values and 95% confidence
interval. Noncompartmental analysis using WinNonlin 5.2
(Pharsight Corp., Mountain View, CA, USA) was performed
to determine the following pharmacokinetic parameters
of voriconazole: maximum observed plasma concentration
(Cmax), time to reach Cmax (Tmax), area under the plasma
concentration–time curve from time zero to the last mea-
surable concentration (AUC), the terminal elimination half-
life (t1/2) and total clearance (CLtot) and apparent oral
clearance (CLoral). Using the amount of voriconazole and
metabolites excreted into the urine (Ae) over 4 days, renal
clearance (CLR) was determined as amount excreted in
urine (0–96 h) divided by the corresponding AUC values.
Partial metabolic clearances were calculated for both the
N-oxidation and the hydroxylation pathways (CLmet N-oxide;
CLmet OH) after hydroxylation of the urine samples as the
amount excreted of metabolite divided by AUC of
voriconazole.

To compare the pharmacokinetic parameters between
oral and i.v. application, Wilcoxon matched pairs signed
rank test (Instat 3.0; GraphPad Software, La Jolla, CA, USA)
was used. To test for differences between the three
CYP2C19 genotypes Kruskal–Wallis test with Dunn’s post
hoc test was applied. P-values � 0.05 were regarded as
statistically significant.

Results

Clinical safety
Voriconazole was generally well tolerated; all participants
completed the study and no serious adverse events were
observed. Headache and transient enhanced light percep-
tions in the first hour after voriconazole application were
the most frequently reported adverse events. In our study
we could not distinguish between the different genotypes
according to the frequency of adverse reactions.

Pharmacokinetics and metabolism
After oral administration of voriconazole, maximum
plasma concentrations Cmax of 9.3 � 3.2 nmol ml-1 were
observed after 1.5 h. After parenteral application Cmax was
12.1 � 2.3 nmol ml-1 at the end of the 2-h infusion period.
The plasma concentration–time curves of voriconazole
after oral and i.v. dosing are shown in Figure 2. Terminal
elimination half-life was not different between p.o. and i.v.
application (8.71 h vs. 8.57 h; P > 0.05). The absolute bio-
availability of voriconazole was 82.6% (74.1, 91.0). Renal
clearance of voriconazole was small, with no differences
between the application forms (1.90 ml min-1 after i.v. vs.
1.56 ml min-1 oral dosing). Concentrations of voriconazole-
N-oxide after i.v. and oral administration of voriconazole
were similar (Figure 3), but lower than voriconazole
concentrations itself. The plasma concentrations of both
hydroxylated metabolites were much lower than the vori-
conazole concentrations and showed a large second peak
approximately 24 h after voriconazole dosing (Figure 4).
Irrespective of the route of administration, voriconazole
partial metabolic clearance was about eightfold higher via
the hydroxylation pathway compared with N-oxidation
[48.8 ml min-1 (30.5, 67.1) vs. 6.1 ml min-1 (4.1–8.0)].
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Figure 2
Mean plasma concentration–time profile of voriconazole after oral
and intravenous administration of a single 400 mg dose to 20 healthy
participants
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CYP2C19 genotype effects on
pharmacokinetics and metabolism
When analysing the pharmacokinetics according to the
different CYP2C19 genotypes, the AUC of voriconazole was
nearly three times higher in the CYP2C19 PM group, and
about two times higher in the CYP2C19 HEM group in
comparison with the CYP2C19 EM group regardless of the
route of administration. Other parameters analysed are
shown in Table 1. The absolute bioavailability of voricona-
zole was assessed for each CYP2C19 genotype separately
showing a relationship, with PMs having the highest bio-
availability [94.4% (78.8, 109.9)] and EMs the lowest with
75.2% (62.9, 87.4) (Figure 5). These differences were not
statistically significant.

Large interindividual differences were seen in
voriconazole-N-oxide pharmacokinetics after both i.v. and
oral application of voriconazole. However, only small differ-
ences were observed between the CYP2C19 genotypes for
t1/2 and mean residence time. The detailed pharmacoki-
netic parameters are given in Table 1. Table 2 shows the
derived pharmacokinetic parameter for both hydroxylated
voriconazole metabolites grouped according to the three
CYP2C19 genotypes. No significant differences were
observed between the genotypes.

Urinary excretion of voriconazole and its three major
metabolites before and after hydrolysis is shown in Table 3.
After oral and parenteral administration the main metabo-
lite detected in urine was DiOH-voriconazole (and its con-
jugate) amounting to on average 13% of the administered
voriconazole dose.

Both the total (i.v.) and apparent oral clearance showed
a clear CYP2C19 genotype dependency (Figure 6, Table 1),
with PM subjects having three to four times lower clear-
ances compared with CYP2C19 EMs. Renal clearance of
voriconazole was small (always <4 ml min-1) and showed
no differences between the genotypes. Both hydroxylated
metabolites had substantially higher renal clearances
than voriconazole and exceeded glomerular filtration rate
(Table 4). The partial metabolic clearance of voriconazole
to its N-oxide was independent of the route of administra-
tion and was decreased by half if a nonfunctional CYP2C19
allele was present (Figure 7). The partial metabolic clear-
ance via hydroxylation was up to eightfold higher than
via N-oxidation and was also decreased in CYP2C19 PM
subjects (Figure 8, Table 4).

Discussion

After a single oral dose of 400 mg voriconazole the abso-
lute bioavailability was high (82.6%), indicating almost
complete absorption of the oral preparation. This is in the
range of the previously known high bioavailability of 95%
reported by Pfizer [17]. There was no significant CYP2C19
genotype effect on bioavailability; however, PMs lacking
CYP2C19 showed the highest bioavailability with 94.4%,
and EMs the lowest bioavailability with 75.2%. Although
this is not a large difference in the absolute bioavailability
(also not significantly dependent on the CYP2C19 geno-
type), it is likely that these effects can be attributed to the
lack of CYP2C19 expression in PM subjects in the gut wall
resulting in reduced first-pass metabolism as an underly-
ing mechanism [19].With the high bioavailability in PMs of
CYP2C19 in this study, the contribution of CYP3A4 to first-
pass metabolism of voriconazole can almost be excluded.
However, this finding is limited by the fact that only four
CYP2C19 PMs were studied in this study.

For the first time the CYP2C19-dependent exposure
after i.v. administration of voriconazole is reported. The
almost threefold higher exposure with voriconazole in PM
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Figure 3
Mean plasma concentration–time profile of the metabolite voriconazole-
N-oxide after oral and intravenous administration of a single 400 mg dose
of voriconazole to 20 healthy participants

0 20 40 60 80 100
0.00

0.02

0.04

0.06

0.08

0.10

0.12

0.14

Dihydroxyvoriconazole

Hydroxyvoriconazole

Time (h)

P
la

sm
a 

co
nc

en
tr

at
io

n 
(n

m
o

l/L
)

Figure 4
Mean plasma concentration–time profile of the metabolites
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participants compared with EM is similar to the previously
reported differences observed after oral administration [3,
4, 6, 9].To switch from the i.v. to oral route of administration
without dose adjustment is possible in general due to the

high bioavailability of all CYP2C19 genotypes. However,
given the interindividual differences in bioavailability
within the CYP2C19 genotype groups, a dose adjustment
might be necessary in CYP2C19 EMs and HEMs with a very
low bioavailability. More importantly, voriconazole doses
would have to be modified or adjusted according to the
CYP2C19 genotype to yield similar voriconazole exposure
in individuals with all CYP2C19 genotypes. Consequently,
therapeutic drug monitoring might be helpful in clinical
settings in which targeted voriconazole exposure is
required.

Of the three metabolites quantified in this study,
voriconazole-N-oxide showed the highest plasma con-
centrations, suggesting N-oxidation to be an important
elimination pathway. However, when partial metabolic
clearances of voriconazole to its N-oxide and the hydroxy-
lated metabolites were determined, hydroxylation to
mono- and dihydroxy-voriconazole was up to eightfold
higher than N-oxidation. Importantly, this is independent
of the route of administration, suggesting that the liver
is the main organ of metabolic elimination. It has been
claimed that voriconazole-N-oxide is the major metabolite
of voriconazole [17, 20], although the original publication
found only voriconazole-N-oxide being the major ‘circulat-
ing’ metabolite [20].

Table 1
Pharmacokinetic parameters of voriconazole and voriconazole-N-oxide after oral and intravenous administration of a single 400 mg dose of voriconazole
to 20 healthy participants; the data are sorted according to the CYP2C19 genotypes

VRC VRC N-oxid N-oxid
i.v. Oral i.v. Oral
Mean SD Mean SD Mean SD Mean SD

EM n = 8

Cmax nmol ml-1 11.6 3.1 8.3 3.1 3.2 1.3 3.9 1.7

Tmax h 2.0 0.1 1.4 0.6 3.4 2.8 6.1 3.3

t1/2 h 7.8 1.4 7.5 1.2 8.8 2.7 6.3 1.0

AUC h nmol-1 ml-1 53.7 22.5 38.8 12.8 47.8 21.3 56.4 24.4

CL ml min-1 420 221 572 352

MRT h 6.5 1.5 7.9 1.3 14.8 2.6 12.9 1.5

F % 75.2 14.7 125 33.6

HEM n = 8
Cmax nmol ml-1 12.4 1.5 9.4 2.8 2.4 0.9 2.4 1.2
Tmax h 2.0 0.2 1.6 0.6 4.6 1.6 4.4 3.7
t1/2 h 9.0 4.0 9.5 5.0 13.7 5.5 10.4 6.3
AUC h nmol-1 ml-1 107a 46.7 88.6a 40.5 38.9 17.1 14.5 19.8
CL ml min-1 194a 56.0 241a 82.1
MRT H 12.6a 8.0 14.2 9.9 25.6a 10.6 20.4 8.2
F % 84.1 21.9 126 52.8

PM n = 4

Cmax nmol ml-1 12.3 2.6 11.2 4.0 3.0 1.4 2.8 1.5

Tmax h 1.9 0.2 1.6 1.7 4.2 2.1 2.7 1.1

t1/2 h 9.4 1.6 9.6 2.3 16.9 13.3 15.0b 9.3

AUC h nmol-1 ml-1 127b 21.7 119b 13.8 13.8 20.3 38.8 15.2

CL ml min-1 149b 28.3 157b 18.8

MRT h 14.1b 1.5 16.1b 3.4 26.6 15.7 23.2b 10.5

F % 94.4 9.8 120 56.8

a*1/*1 vs. *1/*2 P < 0.05. b*1/*1 vs. *2/*2 P < 0.05. VRC, voriconazole; EM, extensive metabolizers; MRT, mean residence time; HEM, heterozygous extensive metabolizer;
PM, poor metabolizers.
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Figure 5
Absolute voriconazole bioavailability (mean and 95% confidence interval)
for the three CYP2C19 genotypes. No significant differences between the
genotypes (Kruskal–Wallis test with Dunn’s multiple comparisons test)
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The metabolic pathways of voriconazole in humans
and animals were previously described under steady-state
conditions with dosing of 200 mg twice daily [20]. About
78% of the dose was excreted in urine over 5 days and

about 23% was faecally eliminated. Only 2% of unchanged
voriconazole was excreted in urine. N-oxidation and
further metabolism yielded 31% of the dose with the
N-oxide itself representing 21%. Hydroxylation to OH- and

Table 2
Pharmacokinetic parameters of OH-voriconazole and DiOH-voriconazole after oral and intravenous administration of a single 400 mg dose of voriconazole
to 20 healthy participants; the data are sorted according to the CYP2C19 genotypes

OH-VRZ OH-VRZ DiOH-VRC DiOH-VRZ
i.v Oral i.v. Oral
Mean SD Mean SD Mean SD Mean SD

EM n = 8

Cmax nmol ml-1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 0.1

Tmax h 27.8 4.4 15.3 12.8 27.8 4.4 23.5 6.3

t1/2 h 14.3 6.4 31.6 35.5 17.5 5.5 25.8 25.1

AUC h nmol-1 ml-1 3.5 1.0 3.4 1.3 5.6 1.4 6.4 2.1

MRT h 33.7 7.9 55.4 48.6 38.7 8.0 48.5 35.9

F % 95.0 18.2 113 23.6
HEM n = 8

Cmax nmol ml-1 0.1a 0.04 0.1 0.03 0.1 0.07 0.1 0.04
Tmax h 24.0 9.6 23.0 13.6 25.8 8.3 18.4 13.5
t1/2 h 22.1 8.8 22.3 7.8 28.0 11.3 24.5 12.0
AUC h nmol-1 ml-1 2.9 1.2 3.0 0.7 5.3 2.4 5.0 0.9
MRT h 42.7 13.9 44.2 12.9 50.7 14.7 47.6 15.6
F % 107 23.0 113 59.5

PM n = 4

Cmax nmol ml-1 0.1 0.02 0.1 0.03 0.1 0.1 0.1 0.1

Tmax h 21.3 13.2 15.8 15.6 23.4 14.4 16.1 15.3

t1/2 h 19.5 3.0 28.9 12.2 16.8 1.1 25.9 10.1

AUC h nmol-1 ml-1 2.9 1.4 3.4 1.2 6.4 2.5 5.9 2.8

MRT h 40.3 3.1 52.7 18.2 37.7 2.6 49.2 13.3

F % 127 30.3 91.3 8.9

a*1/*1 vs. *1/*2 P < 0.05. EM, extensive metabolizers; MRT, mean residence time; HEM, heterozygous extensive metabolizer; PM, poor metabolizers.

Table 3
Amount of voriconazole and its metabolites excreted in urine over 96 h after oral and intravenous administration of a single 400 mg (= 1.145 mmol) dose
of voriconazole to 20 healthy participants; the data are sorted according to the CYP2C19 genotypes

Before hydrolysis After hydrolysis
i.v. (mmol) Oral (mmol) i.v. (mmol) Oral (mmol)
Mean SD Mean SD Mean SD Mean SD

EM (n = 8)

Voriconazole 6.7 3.8 4.4 2.6 9.8 3.8 6.8 3.7

Voriconazole-N-oxide 14.7 8.8 17.3 8.1 24.1 7.5 23.1 7.9

OH-voriconazole 29.1 10.4 34.3 10.6 38.9 19.2 40.9 12.9

DiOH-voriconazole 132 53.1 128 43.7 144 51.6 133 50.1
HEM (n = 8)

Voriconazole 10.7 3.7 6.5 2.3 16.8a 4.5 12.1 5.6
Voriconazole-N-oxide 20.5 6.8 27.1 10.8 26.3 10.2 25.8 8.7
OH-voriconazole 43.8 16.3 45.0 19.1 63.8a 19.1 61.0a 17.0
DiOH-voriconazole 134 43.5 142 39.5 148 65.6 156 52.9

PM (n = 4)

Voriconazole 10.7 2.3 9.0b 2.7 18.2b 2.8 17.6b 4.3

Voriconazole-N-oxide 20.6 6.0 22.1 3.2 27.6 8.9 31.0 11.8

OH-voriconazole 50.5b 13.8 60.2b 19.5 38.9 9.6 42.7 9.9

DiOH-voriconazole 158 47.1 165 54.5 158 56.2 172 61.3

a*1/*1 vs. *1/*2 P < 0.05. b*1/*1 vs. *2/*2 P < 0.05. EM, extensive metabolizers; HEM, heterozygous extensive metabolizer; PM, poor metabolizers.
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DiOH-voriconazole and the conjugate of OH-voriconazole
accounted for 12%, 9% and 16%, respectively [20]. After
single-dose administration of 400 mg voriconazole (i.v.and
oral), we collected urine during 96 h after drug administra-
tion and on average only 20% of the dose was recovered in
urine as voriconazole and its three quantified metabolites
(+ conjugates). This might be a result of the single-dose
administration and the long half-life of the metabolites,
which then will accumulate during steady-state condi-
tions. The major metabolite observed in urine in our study

was DiOH-voriconazole, accounting on average for 13%
of the administered dose of voriconazole, which is in the
range reported by Roffey et al. [20]. No conjugated DiOH-
voriconazole was formed, which is also in agreement with
previous data [20]. For the monohydroxylated voricona-
zole and its conjugate, we observed only 3.5% and 1%
excreted in urine. This is in contrast to the results where
12% and 16% were reported [20].The amounts excreted in
urine of voriconazole-N-oxide showed similar discrepan-
cies from the literature, with 2.3% of the dose found in our
study and 21% reported elsewhere [20]. A possible expla-
nation might be an induction of both pathways during
steady-state; however, this auto-induction was previously
excluded in humans [20]. Both N-oxidation and hydroxyla-
tion pathways (partial metabolic clearance) showed con-
siderable interindividual variability.

Both hydroxylated voriconazole metabolites showed
unusual plasma concentration–time profiles, with a late
second peak that occurred in every study participant
irrespective of the route of administration. An analytical
artefact can be excluded because all four analytes were
quantified within the same analytical run. Enterohepatic
circulation is a possible and likely explanation for this phe-
nomenon, but due to the lack of concentrations between
10 and 24 h after voriconazole administration no valid
interpretation can be offered. There are also no published
data on these two metabolites in plasma; a comparison is
therefore not possible. Furthermore, these data show the
importance of obtaining blood samples over a time period
which is sufficiently long (at least five half-lives). The
second peak seems to indicate that these hydroxylated
compounds will accumulate to a higher extent than
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Figure 6
Total (intravenous) and apparent oral clearance (mean and 95% confi-
dence interval) of voriconazole after oral and intravenous administration
of a single 400 mg dose to 20 healthy participants. CYP2C19 genotype
differences have been assessed by the Kruskal–Wallis test with Dunn’s
multiple comparisons test

Table 4
Renal clearances of voriconazole and its metabolites and partial metabolic clearances of voriconazole (N-oxide and hydroxylation) after oral and intravenous
administration of a single 400 mg dose of voriconazole to 20 healthy participants; the data are sorted according to the CYP2C19 genotypes

CLR (ml min-1) CLR (ml min-1) CLR (ml min-1) CLR (ml min-1)
i.v. Oral i.v. Oral
Mean SD Mean SD Mean SD Mean SD

EM (n = 8)

Voriconazole 2.3 1.3 1.9 0.8

Voriconazole-N-oxide 6.4 5.0 5.5 2.4 9.0 5.2 11.4 6.1

OH-voriconazole 145 54.5 186 75.3 72.8 52.5 99.0 96.7

DiOH-voriconazole 392 133 376 183
HEM (n = 8)

Voriconazole 1.8 0.6 1.4 0.7
Voriconazole-N-oxide 11.4 8.3 12.6a 8.8 4.3a 1.4 5.3a 2.2
OH-voriconazole 265a 96.7 270 126 36.0 15.1 47.9 23.8
DiOH-voriconazole 462 165 480 160

PM (n = 4)

Voriconazole 1.4 0.4 1.3 0.4

Voriconazole-N-oxide 11.4 5.5 10.9 5.1 3.7 1.5 4.5 2.1

OH-voriconazole 372b 264 306 70.7 26.1 8.4 29.6b 7.0

DiOH-voriconazole 435 106 493 123

a*1/*1 vs. *1/*2 P < 0.05. b*1/*1 vs. *2/*2 P < 0.05. EM, extensive metabolizers; HEM, heterozygous extensive metabolizer; PM, poor metabolizers.

Voriconazole bioavailability and metabolism

Br J Clin Pharmacol / 68:6 / 913



previously anticipated during repeated administration.
In addition, no data are available on the pharmacological
activity of the hydroxylated metabolites and whether
they contribute to the antifungal activity or adverse
effects of voriconazole.

In this study the participants were stratified according
to their CYP2C19 genotype. Recently, a new allele
CYP2C19*17 was reported to be associated with higher
activity than the wild-type allele. In presence of the

CYP2C19*17 allele, reduced Cmax concentrations of vori-
conazole were observed [4]. We have reassessed the
CYP2C19 alleles of the study participants using a method
described elsewhere [4] and found six of the eight parti-
cipants of the EM group to be CYP2C19*1/*17 and only two
homozygous wild-type. Two of the heterozygous EM
group were found to be CYP2C19*2/*17. The *17 allele was
not found in the four PMs. With these limited data no valid
conclusion about the influence of the *17 allele can be
drawn. We have therefore decided to keep the original
genotype grouping for the presentation and interpreta-
tion of the results.

In conclusion, voriconazole has a high bioavailability
with no large differences between the CYP2C19 geno-
types. However, voriconazole exposure in PMs was three
times higher compared with EMs. The hydroxylation
pathway of voriconazole elimination exceeded the
N-oxidation, and both seem to be influenced by the
CYP2C19 genotype. Both hydroxylated metabolites are
likely to undergo enterohepatic circulation.
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