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In clinical practice, antifungal therapy may be switched from fluconazole to voriconazole; such sequential
use poses the potential for drug interaction due to cytochrome P450 2C19 (CYP2C19)-mediated inhibition of
voriconazole metabolism. This open-label, randomized, two-way crossover study investigated the effect of
concomitant fluconazole on voriconazole pharmacokinetics in 10 subjects: 8 extensive metabolizers and 2 poor
metabolizers of CYP2C19. The study consisted of 4-day voriconazole-only and 5-day voriconazole-plus-flu-
conazole treatments, separated by a 14-day washout. Voriconazole pharmacokinetics were determined by
noncompartmental analyses. A physiologically based pharmacokinetic model was developed in Simcyp (Simcyp
Ltd., Sheffield, United Kingdom) to predict the magnitude of drug interaction should antifungal therapy be
switched from fluconazole to voriconazole, following various simulated lag times for the switch. In CYP2C19
extensive metabolizers, fluconazole increased the maximum plasma concentration and the area under the
plasma concentration-time curve (AUC) of voriconazole by 57% and 178%, respectively. In poor metabolizers,
however, voriconazole pharmacokinetics were unaffected by fluconazole. The simulations based on pharma-
cokinetic modeling predicted that if voriconazole was started 6, 12, 24, or 36 h after the last dose of fluconazole,
the voriconazole AUC ratios (sequential therapy versus voriconazole only) after the first dose would be 1.51,
1.41, 1.28, and 1.14, respectively. This suggests that the remaining systemic fluconazole would result in a
marked drug interaction with voriconazole for =24 h. Although no safety issues were observed during
coadministration, concomitant use of fluconazole and voriconazole is not recommended. Frequent monitoring

for voriconazole-related adverse events is advisable if voriconazole is used sequentially after fluconazole.

The pharmacokinetics of the triazole antifungal voricona-
zole have been widely studied (7, 19, 20). The drug is primarily
metabolized by hepatic cytochrome P450 (CYP) enzymes 2C19
(CYP2C19) and CYP3A4, with in vitro data indicating only
minimal involvement of CYP2C9 in its metabolism (3). Ge-
netic polymorphism in CYP2C19 probably accounts for a sub-
stantial part of the intersubject variability in voriconazole phar-
macokinetics (22, 29, 30). Voriconazole metabolism may also
be influenced by the concomitant administration of other drugs
interacting with CYP isozymes (11, 25), including the structur-
ally related antifungal agent fluconazole (12).

Voriconazole and fluconazole have similar mechanisms of
action, and use of the combination of both drugs does not
appear to offer an advantage over use of the single agents (23);
therefore, it is unlikely that they would be administered to-
gether as combination therapy. However, voriconazole may be
used sequentially after fluconazole in clinical practice. This
situation is most likely to arise in hematology patients who are
receiving fluconazole prophylaxis for the prevention of invasive
Candida infections and who subsequently develop invasive
aspergillosis, for which voriconazole is regarded the treatment
of choice (18, 26, 28). To a lesser extent, it may also occur in
patients who are treated for invasive Candida infections later
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confirmed to be caused by fluconazole-resistant strains. The
rationale for a therapeutic switch from fluconazole to vori-
conazole is supported by in vitro and in vivo data showing good
activity of voriconazole against many fluconazole-resistant
Candida strains, even though there is some azole cross-resis-
tance (14, 15, 21). In Europe, voriconazole is specifically ap-
proved for the treatment of fluconazole-resistant, serious in-
vasive Candida infections (2).

Fluconazole is a potent CYP2CI19 inhibitor (27), and its
systemic presence could inhibit voriconazole metabolism and
potentially increase the frequency of voriconazole-related ad-
verse events. In the treatment of serious and life-threatening
fungal infections requiring a switch from fluconazole to vori-
conazole, it may not be feasible to delay voriconazole therapy
to allow sufficient time for fluconazole washout. The elimina-
tion half-life of fluconazole is approximately 30 h in adults
(16), and fluconazole levels with the potential for inhibiting
CYP2C19 activity may therefore be expected for some period
of time following fluconazole discontinuation.

To examine these issues, we studied the pharmacokinetics of
voriconazole when coadministered with fluconazole to assess
the maximal impact of fluconazole-mediated CYP2C19 inhibi-
tion on voriconazole levels. A physiologically based pharma-
cokinetic (PBPK) modeling approach was then employed to
predict the extent/magnitude of the drug interaction in situa-
tions where voriconazole therapy is initiated after various lag
times following fluconazole discontinuation.

MATERIALS AND METHODS

Study design. This was an open-label, randomized, two-way crossover study
involving 10 healthy volunteers conducted in Singapore. Subjects were included
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if they were male, were aged 21 to 55 years, had a body mass index of 18 to 30
kg/m?, and had a normal resting 12-lead electrocardiogram. Subjects were ex-
cluded if they had any clinically significant disease, allergy, or abnormality; were
taking or had taken any prescribed or over-the-counter medication (except acet-
aminophen) within 3 weeks of starting the study; had received any experimental
drug within 4 months of starting the study; had evidence of drug abuse or
excessive use of alcohol or tobacco; had donated blood within the previous 8
weeks; had positive human immunodeficiency virus, hepatitis B virus, or hepatitis
C virus serology; or had known hypersensitivity to azoles. All subjects gave their
written informed consent prior to their participation.

The study was divided into two treatments, a 4-day period of voriconazole-only
treatment and a 5-day period of voriconazole-plus-fluconazole combination
treatment, separated by a 14-day washout phase. The order in which subjects
underwent these two treatments was assigned randomly. All treatments were
administered orally in a fasted state. Voriconazole was given as a loading dose of
400 mg orally twice daily (every 12 h) on day 1, followed by 200 mg every 12 h
on days 2 and 3 and a single 200-mg dose on day 4. Fluconazole was administered
as a single loading dose of 400 mg orally on day 1, followed by single doses of 200
mg every 24 h on days 2 to 5. Water (240 ml) was used for the administration of
both agents. During the combination treatment phase, fluconazole was admin-
istered immediately after the voriconazole dose.

A blood sample was taken at the screening visit to determine the CYP2C19
genotype status of each subject using previously validated methods (33); the
testing was conducted by Genaissance Pharmaceuticals, Morrisville, NC. All
adverse events and their likely relationship to treatment were recorded through-
out the study period. Physical examination, laboratory safety tests, vital signs, and
12-lead electrocardiogram measurements were used to evaluate safety.

Voriconazole pharmacokinetics. Serial plasma samples for voriconazole phar-
macokinetics were collected predosing and at 1,2, 3, 4, 6, 8, 10, 12, 16, 24, 36, and
48 h after dosing on day 4. Plasma samples were assayed for voriconazole by a
previously validated method using automated solid-phase extraction, followed by
liquid chromatographic tandem mass spectrometric analysis (1). The lower and
upper limits of quantification were 10 and 3,000 ng/ml, respectively.

Voriconazole pharmacokinetic parameters were determined by noncompart-
mental analyses. Maximum observed plasma concentration (C,,,,), time to first
occurrence of Cp,.. (Thay), area under the plasma concentration-time curve
between 0 and 12 h (AUC,,), area under the plasma concentration-time curve
from time zero to the time of the last measurable concentration (AUC,), and
area under the curve to infinity (AUC;,;) were determined on day 4 of each
treatment period. Cy,,,, and T, were obtained directly from recorded data, and
AUC,, and AUC, were calculated using the linear trapezoidal rule. AUC;,,; was
calculated using the equation AUC, + (C,*/k.;), where C,* was the last measur-
able concentration and k. was the apparent terminal-elimination-phase rate
constant. All pharmacokinetic parameter values were calculated using
WinNonlin Professional (version 3.2) software (Pharsight, Sunnyvale, CA).

Statistical analyses. Pharmacokinetic parameters for voriconazole calculated
on day 4 of each treatment period were used as endpoints for the statistical
analysis. AUC,,;, AUC,, AUC,,, and C,,,, were subjected to analysis of variance
appropriate for the two-period, two-treatment crossover design. 7,,,, was sum-
marized descriptively. Parameters were calculated as mean values with 90%
confidence intervals (CIs), ranges, and coefficients of variation (CVs). Each
parameter was calculated separately for subjects found to be extensive metabo-
lizers (EMs) or poor metabolizers (PMs) of voriconazole and was compared
between voriconazole alone and the voriconazole-plus-fluconazole combination.
All statistical analyses were performed using SAS (version 8.02) software (SAS
Institute Inc., Cary, NC).

Pharmacokinetic (Simcyp) modeling and simulations. PBPK modeling and
simulations of drug interaction were performed using Simcyp (Simcyp popula-
tion-based absorption, distribution, metabolism, and elimination [ADME] sim-
ulator, version 9.03; Simcyp Ltd., Sheffield, United Kingdom). A Simcyp model
for voriconazole was developed using the physicochemical properties, in vitro
data, and clinical pharmacokinetic parameters obtained mainly from the in-
house database (Table 1). The recombinant enzyme kinetics inputs (maximum
reaction velocity [V;,..] and Michaelis-Menten constant [K,, ]) were means of the
values from multiple sources that included in-house data (Pfizer, data on file)
and data from published literature (3, 9).

For fluconazole, standard inputs available within Simcyp were utilized. The
inhibition constant (K;) of fluconazole for the CYP2C19 enzyme used for simu-
lating drug-drug interaction was 2.1 wM (31). The literature reports K; values for
fluconazole-mediated CYP3A4 inhibition ranging from 1.9 to 63 pM; therefore,
a mean value of 25.2 uM was used as the input for Simcyp modeling (4, 8, 10,
31, 34).

Each simulation was performed for 100 subjects (10 trials X 10 subjects). The
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TABLE 1. Summary of input parameters for voriconazole used in
the Simcyp model

Parameter” Input value®

Physicochemical properties
Mol wt (g/mol)

PK, i
Fraction unbound..

Absorption
Absorption type First order
Fraction absorbed.. .0.96
Absorption rate constant (1/h).....1.44
Caco-2 cell permeation
(1076 CM/S) corvererererrieerierieniieninns 28.10

Distribution
Distribution model...
Vi (liters/kg)
Prediction method.......ccccveveeennneee.

Elimination

In vitro metabolic system............... Recombinant
Pathway.......cocoeeeeieiiciccccens Pathway 1 Pathway 1 Pathway 2
ENzyme ......ccocvvceivicivciniciniciciiens CYP2C19 CYP3A4 CYP3A4
Vmax (pmol/min/pmol)..........cccuee. 1.19 0.31 0.10

K, (M) o 35 15.0 11.0

¢ P, partition coefficient; pK,, acid dissociation constant; V, volume of dis-
tribution at steady state; V.., maximum reaction velocity; K,,,, Michaelis-Men-
ten constant.

? Enzyme kinetic parameter inputs were mean values from in-house data
(Pfizer, data on file) and published data (3, 9). All other physicochemical and
absorption inputs were obtained from the in-house database (Pfizer, data on
file).

virtual population had a body weight of 70 kg, with ages ranging from 18 to 65
years, and included both sexes. The dose, dosing interval, and dosing duration of
voriconazole and fluconazole in the simulation were identical to those used in the
clinical study. Accordingly, voriconazole alone was dosed every 12 h for 4 days
(first two doses of 400 mg and subsequent five doses of 200 mg each), or
voriconazole was coadministered with fluconazole (first fluconazole dose of 400
mg and subsequent doses of 200 mg each every 24 h). For simulating sequential
dosing, fluconazole dosing remained the same, while voriconazole administration
was initiated at times of 6, 12, and 24 h following the last dose of fluconazole.

RESULTS

Study population. Five subjects (mean age, 29 years; age
range, 24 to 43 years) received voriconazole alone followed by
voriconazole plus fluconazole, and five (mean age, 24 years;
age range, 22 to 27 years) received voriconazole plus flucona-
zole followed by voriconazole alone. The mean weights in the
two groups were 70 kg (range, 63 to 77 kg) and 65 kg (range,
56 to 77 kg), respectively, and the mean heights were 174 cm
(range, 170 to 178 cm) and 170 cm (range 161 to 177 cm),
respectively. All subjects were Asian and male. Eight subjects
were EMs, and two were PMs (four EMs and one PM in each
treatment group).

Pharmacokinetic data. Figure 1 shows the mean plasma
voriconazole concentration-time profile by metabolizer type
and by treatment group. As expected, voriconazole concen-
trations in PMs were markedly higher than those in EMs.
The C,,,, and AUC,, of voriconazole in PMs were approx-
imately 2.7- and 2.5-fold higher, respectively, than those in
EMs (Table 2).
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FIG. 1. Mean plasma concentrations of voriconazole over time in extensive and poor metabolizers given voriconazole alone and voriconazole

with concomitant fluconazole.

Coadministration of fluconazole had a different effect on
voriconazole pharmacokinetics in EMs and PMs. In EMs,
plasma concentrations of voriconazole were increased when
coadministered with fluconazole compared with voriconazole
alone, while in PMs, the concentration-time profiles were sim-
ilar during both treatments (Fig. 1). In EMs, C,,,, and AUC,,
values increased significantly when fluconazole was coadmin-
istered with voriconazole compared with when voriconazole
was administered alone (Table 2). In PMs, the pharmacoki-
netic parameters were similar with the two treatments (Ta-
ble 2).

Coadministration of fluconazole reduced the intersubject
variability of voriconazole C,,,.s and AUCs in EMs (Table 2).
In this group, the coefficient of variations in voriconazole phar-
macokinetic parameters ranged from 18.7 to 34.9% for vori-

conazole plus fluconazole, whereas they ranged from 37.8 to
62.0% for voriconazole alone.

Simcyp modeling and simulations. The in vitro data and
clinical pharmacokinetic parameters were used to build a
PBPK model for voriconazole using Simcyp. Figure 2 shows
the predicted plasma concentrations for voriconazole in EMs
and PMs using a dosing regimen identical to that used in the
clinical study. For EMs, these simulations predicted ratios
(voriconazole plus fluconazole versus fluconazole alone) of
2.65 (95% CI, 1.33 to 5.85) and 1.40 (95% CI, 1.14 to 2.20) for
voriconazole AUC, and C,,,,, respectively. However, no sig-
nificant effect was found in PMs. These results are in agree-
ment with those observed in the clinical study (Table 2) and
confirm the validity of the model.

Further simulations were carried out to evaluate the effect of

TABLE 2. Pharmacokinetic parameters for voriconazole

Voriconazole

Voriconazole + fluconazole

Ratio (%) of means

(voriconazole plus 90% CI of ratio

Parameter
fluconazole vs of means
Mean CV (%) Mean CV (%) voriconazole)”
Extensive metabolizers (n = 8)
AUC,, (ng * h/ml)* 31,024 45.6 55,538 18.7 179.0 140.8-227.5
AUC, (ng - h/ml)* 51,483 59.4 128,648 22.9 249.9 187.6-332.8
AUC;, (ng - h/ml)* 53,140 62.0 140,199¢ 24.7¢ 277.7 198.0-389.6
Cpax (ng/ml)? 4,019 48.4 6,316 27.2 157.1 119.5-206.7
C,, (ng/ml) 1,930.7 66.2 3,441.0 20.5
T (D)” 2.0 37.8 2.6 34.9
Poor metabolizers (n = 2)
AUC,, (ng - h/ml)* 77,108 4.7 91,209 4.3
AUC, (ng - h/ml)* 206,000 0 218,888 4.5
AUC;, (ng - h/ml)* 245,927 3.4 NC! NC
Cpax (ng/ml)? 10,889 6.5 11,449 1.9
C,, (ng/ml) 5,682.0 59 5,355.5 8.0
T (D)” 2.0 0 1.5 471

“ Geometric means.
b Arithmetic mean.
‘n=06.

4 NC, not calculated.
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FIG. 2. Simulated mean plasma concentrations of voriconazole
dosed alone or with concomitant fluconazole in extensive metabolizers
(A) and poor metabolizers (B). Data points represent mean = SD
(n = 8) concentrations for extensive metabolizers and individual data
(n = 2) for poor metabolizers. Dotted and solid curves represent mean
simulated plasma concentrations of voriconazole when dosed alone
and with concomitant fluconazole, respectively.
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sequential dosing of voriconazole following termination of flu-
conazole therapy. The doses of both drugs remained the same
as in the clinical study, with the exception that voriconazole
was initiated sequentially at various time intervals (6, 12, 24,
and 36 h) after the last dose of fluconazole. Accordingly, flu-
conazole was given at a dose of 400 mg on day 1, followed by
200 mg every 24 h on days 2 to 5, and voriconazole was initi-
ated sequentially at doses of 400 mg every 12 h on day 5,
followed by 200 mg every 12 h on subsequent days. The phar-
macokinetic parameters of interest from these simulations
were the C, . and AUC values for voriconazole after the first
loading dose of 400 mg, since this represents double the main-
tenance dose of 200 mg and could result in higher voriconazole
concentrations due to fluconazole-mediated interaction. The
predicted C,,,, and AUC values for voriconazole and their
ratios (voriconazole after fluconazole versus voriconazole
alone) are presented in Table 3. The predicted C, s were
comparable for both treatments; however, the predicted AUC
values for voriconazole were higher when this antifungal was
given sequentially after fluconazole than when voriconazole
was given alone. For instance, the voriconazole AUC ratio was
1.51 when voriconazole was started 6 h after the last dose of
fluconazole, indicating a significant drug interaction. This ef-
fect diminished as the lag time for sequential dosing was in-
creased, and at 12 and 24 h, the AUC ratios were 1.41 and 1.28,
respectively. Furthermore, the mean effect was reduced to less
than 20% (AUC ratio, 1.14) when the lag time for sequential
dosing was increased to 36 h. Overall, the simulation results
suggest that the inhibitory effect of fluconazole on voricona-
zole metabolism would last for at least 24 h after the last dose
of fluconazole.

Tolerability and safety. There were no serious adverse
events or discontinuations during the study. All 10 subjects had
at least one adverse event, with the majority (25/27) being
treatment related. Most treatment-related events (26/27) were
mild (» = 15) or moderate (n = 11) in intensity. The most
common adverse events were photophobia, abnormal vision,
headache, alopecia, and diarrhea. The numbers of subjects
experiencing an adverse event were similar in both treatment
arms, although slightly fewer adverse events were reported
during treatment with voriconazole plus fluconazole (14 versus

TABLE 3. Model-predicted pharmacokinetic parameters for the first dose of voriconazole, when given sequentially after fluconazole at
various lag times after the last fluconazole dose

Model-predicted value (mean)

Lag time for starting Pharmacokinetic

Ratio (95% CI)®

voriconazole (h) parameter” Voriconazole Voriconazole +
(reference) fluconazole (test)
6 Criax 4,458 4,716 1.06 (1.02-1.14)
AUC 60,326 84,118 1.51 (1.21-1.85)
12 Crax 4,507 4,746 1.05 (1.01-1.14)
AUC 58,685 77,122 1.41 (1.15-1.73)
24 Criax 4,625 4,749 1.03 (1.00-1.09)
AUC 57,899 70,022 1.28 (1.09-1.53)
36 Crax 4,593 4,776 1.04 (1.00-1.13)
AUC 58,964 67,218 1.14 (1.02-1.41)

¢ Units for C,,,, are ng/ml, and those for AUC are ng - h/ml.
b Ratio (95% CI) for test/reference.
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11 treatment-related adverse events). No apparent clinically
significant concerns were identified in safety laboratory tests,
vital signs, and electrocardiogram evaluations.

DISCUSSION

The results of this clinical study suggest that concomitant
administration of fluconazole and voriconazole significantly
increases plasma voriconazole concentrations in CYP2C19
EMs. Although the sample size was small for PMs, the phar-
macokinetics of voriconazole appeared to be unaffected by
fluconazole in that population. This observation is not surpris-
ing, since the innate metabolic activity of CYP2C19 is already
impaired in PMs and administration of a CYP2C19 inhibitor is
unlikely to cause a further reduction in enzyme activity. On the
basis of these observations, concomitant administration of
these two antifungals should be avoided. Despite the small
sample size and the fact that the study was conducted in
healthy volunteers, the overall conclusions should be applica-
ble to the larger patient population. The agreement between
the observed pharmacokinetic parameters and those predicted
by the PBPK model while simulating the clinical study pro-
vided adequate justification for the use of this model. PBPK
simulations of sequential use suggested that the influence of
fluconazole on systemic levels of voriconazole would persist for
at least 24 h after the last dose of fluconazole.

Fluconazole is categorized as a potent inhibitor of CYP2C9
and CPY2C19, as well as a moderate inhibitor of CYP3A4.
Fluconazole’s effect on voriconazole pharmacokinetics is prob-
ably due to its inhibition of CPY2C19, since voriconazole me-
tabolism is mainly mediated by CYP2C19, followed by
CYP3A4, with CYP2C9 appearing to play only a minimal role
(3, 9). Omeprazole is another potent competitive inhibitor of
CYP2C19 (K;, 3.1 uM), but it has less of an effect on CYP3A4
(K;, 84 pM) (6). In a previous study, concomitant omeprazole
increased the average AUC of voriconazole by about 40%
(32); however, the magnitude of this increase does not require
adjustments in the voriconazole dose when coadministered
with omeprazole (17). In contrast, fluconazole inhibits
CYP2C19 and CYP3A4 with K;s of 2.1 M and 25.2 pM (mean
of the values reported in the literature), respectively (4, 8, 10,
31, 34), and hence, it is not unexpected that its overall effect on
voriconazole levels is greater than that of omeprazole.

Interestingly, in this population of healthy Asian volunteers,
the considerable intersubject variability in voriconazole phar-
macokinetics was reduced when voriconazole was coadminis-
tered with fluconazole compared with the variability in phar-
macokinetics when voriconazole was administered alone. This
presumably occurred because the inhibition of CYP2C19 by
fluconazole caused EM subjects to behave in a similar fashion
to PM subjects in this respect. Nevertheless, the systemic ex-
posure to voriconazole when given along with fluconazole ob-
served in EMs did not exceed that observed in PMs. In clinical
practice, voriconazole is administered to both EMs and PMs at
an identical dose. On the basis of these results, it is tempting to
deduce that concomitant fluconazole could be used as a
booster to achieve therapeutic levels of voriconazole with
doses lower than those currently recommended, to allow once-
daily voriconazole dosing, or to reduce the intersubject vari-
ability in voriconazole pharmacokinetics. Although this ap-

ANTIMICROB. AGENTS CHEMOTHER.

proach seems attractive, there are several factors that require
additional consideration. First, the optimum dose of flucona-
zole needed to boost voriconazole levels is currently unknown.
Second, fluconazole alters the shape of the concentration-time
curve and markedly increases voriconazole trough concentra-
tions, which have been linked to a higher incidence of vori-
conazole-associated toxicity (24). Third, an additional micro-
biologic benefit with the concomitant use of both drugs is very
unlikely (23), especially if the patient has not responded to
prior fluconazole therapy. Finally, there is also a greater like-
lihood that patients will experience drug-drug interactions and
adverse events with both agents combined than with either
agent alone. Concomitant administration of voriconazole with
fluconazole is therefore not recommended at present until
additional dose-finding studies are conducted to evaluate the
efficacy and safety of specific voriconazole-plus-fluconazole
dosing regimens in the relevant therapeutic settings.

No clinically significant safety concerns were noted during
coadministration of voriconazole and fluconazole in healthy
volunteers in the present study. However, elevated voricona-
zole plasma levels are associated with an increased likelihood
of visual side effects and possible increases in hepatic enzymes
(5, 24). Therapeutic drug monitoring of voriconazole suggests
that trough concentrations greater than 6 pg/ml may be asso-
ciated with a higher incidence of adverse events (13). A flu-
conazole-mediated increase in voriconazole levels would put
patients at risk of exceeding this threshold. The PBPK model
predicted that in a sequential use scenario, fluconazole would
continue to have a substantial effect on voriconazole pharma-
cokinetics for at least 24 h after fluconazole discontinuation.
However, it should be noted that voriconazole accumulates
after multiple dosing (7) and that the plasma voriconazole
levels seen on the first day of fluconazole-voriconazole sequen-
tial therapy are expected to be below those seen at steady state.
This would diminish some of the risks associated with a flu-
conazole-mediated increase in voriconazole levels during se-
quential use in clinical practice. However, it is prudent to
regularly monitor patients for voriconazole-associated adverse
events during overlapping exposure to fluconazole, especially if
the affected patients receive additional concomitant drugs that
inhibit CYP isozymes involved in voriconazole metabolism.
This is not an unlikely scenario, given the often serious under-
lying conditions in patients with systemic fungal infection, re-
quiring the administration of multiple comedications.

In conclusion, the results of this study show that concomi-
tantly administered fluconazole significantly increases plasma
levels of voriconazole. Therefore, concomitant use of flucona-
zole and voriconazole is not recommended until it has been
further evaluated in clinical trials. Frequent monitoring for
voriconazole-related adverse events is advisable if voriconazole
is used sequentially after fluconazole, especially when vori-
conazole is initiated within 24 h of the last fluconazole dose.
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