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We assessed the pharmacokinetics and interactions of steady-state micafungin (Mycamine) or placebo with
steady-state voriconazole in 35 volunteers. The 90% confidence intervals around the least-squares mean ratios
for micafungin pharmacokinetic parameters and placebo-corrected voriconazole pharmacokinetic parameters
were within the 80%-to-125% limits, indicating an absence of drug interaction.

Recently, drugs from two new antifungal classes became
commercially available. Micafungin (Mycamine) is an echino-
candin which inhibits the synthesis of (1,3)-�-D-glucan, a crit-
ical component of fungal cell walls (1, 3). It has potent activity
in vitro and in vivo against Candida species, including azole-
resistant strains, and Aspergillus species (4, 5, 6, 7, 9, 15).
Micafungin is metabolized to M1 (catechol form) by arylsul-
fatase, with further metabolism to M2 (methoxy form) by cat-
echol-O-methyltransferase. M5 is formed by hydroxylation at
the side chain (omega-1 position) of micafungin by cytochrome
P450 enzymes (1).

Voriconazole, an extended-spectrum triazole approved by
the Food and Drug Administration, is fungicidal for Aspergillus
species and a range of other molds. Voriconazole inhibits 14-
alpha-lanosterol demethylation, which is an essential step in
the synthesis of fungal ergosterol, a component of fungal cell
walls. Voriconazole undergoes extensive metabolism by he-
patic cytochrome P450 isoenzymes, primarily CYP2C19 and
CYP2C9 but also CYP3A4 (10).

The availability of these antifungal agents has generated
much interest in using combination therapy in an effort to
improve treatment for life-threatening infections, particularly
aspergillosis (8). The present study was conducted to identify
potential pharmacokinetic drug interactions and safety con-
cerns which might occur upon repeated, concomitant admin-
istration of micafungin and voriconazole at clinically relevant
doses.

This randomized, double-blind, placebo-controlled, drug in-
teraction study was conducted at Northwest Kinetics in accor-
dance with FDA Regulations Relating to Good Clinical Prac-
tice and Clinical Trials (http://www.fda.gov/oc/gcp/regulations
.html) and all subjects provided written informed consent.
Adult male and female volunteers were eligible for the study if
they were 18 to 50 years of age (inclusive), weighed at least 40
kg, were medically healthy with no concomitant illness or dis-
ease, were not taking medication, and had no clinically signif-
icant findings at baseline. Because 15% to 20% of Asian pop-

ulations may be expected to be poor metabolizers of
voriconazole due to the CYP2C19 genotype (10), Asians were
excluded from participation as a safety precaution.

All subjects received oral voriconazole on days 1 to 4 and on
days 21 to 24 and either micafungin (treatment sequence I) or
placebo (treatment sequence II) on days 11 to 24. Voricon-
azole was administered at 400 mg twice daily on days 1 and 21
and at 200 mg twice daily on days 2 to 4 and days 22 to 24.
Micafungin (150 mg/day in 100 ml of 0.9% sodium chloride) or
placebo (100 ml of 0.9% sodium chloride) was infused over 1 h
on days 11 to 24.

Physical examinations, vital signs, electrocardiograms, and
clinical laboratory tests were used to monitor subject safety.
Serial blood samples were collected at presumed steady state
over days 4 to 7 for voriconazole, on day 20 for micafungin, and
over days 24 to 27 for both drugs. Additionally for voriconazole
predose trough samples were drawn on the day prior to the
days of serial sampling; for micafungin predose and end-of-
infusion samples were drawn 3 and 6 days prior to the day of
serial sampling for micafungin alone.

Micafungin, M1, M2, and M5 levels were determined for
plasma by using a validated high-performance liquid chroma-
tography method with a lower limit of quantification of 0.0500
�g/ml. Voriconazole concentrations in plasma were deter-
mined by using a validated high-performance liquid chroma-
tography–tandem mass spectrometry method with a lower limit
of quantification of 5.00 ng/ml.

Noncompartmental methods (WinNonlin version 4.0; Phar-
sight Corporation, Mountain View, CA) were used to calculate
pharmacokinetic parameters, including the maximum concen-
tration of study drug in serum (Cmax) and the area under the
concentration-time curve over 12 h after the morning dose
(AUC0-12) for voriconazole and over 24 h postdose (AUC0-24)
for micafungin.

The effect of each drug on the pharmacokinetics of the other
was assessed for treatment sequence I by using a two one-sided
test procedure. A least-squares (geometric) mean ratio from a
one-way analysis of variance (ANOVA) model with the subject
as the random effect and 90% confidence intervals was con-
structed for each parameter. If the 90% confidence intervals
for both AUC and Cmax fell within the 80%-to-125% confi-
dence limits, it was concluded that concomitant administration
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had “no effect.” The same analysis was performed for treat-
ment sequence II to compare voriconazole pharmacokinetics
with and without the coadministration of placebo.

Since a change in voriconazole pharmacokinetics was ob-
served after the placebo was administered, the geometric mean
ratios for sequence I were divided by the corresponding ratios
for sequence II, and the 90% confidence intervals around the
adjusted ratios were constructed by using an ANOVA model
with treatment sequence as the main effect. This correction
was previously described (12, 14).

A total of 35 subjects were enrolled in the study; 23 of the
planned 24 subjects were randomized to treatment sequence I,
and 12 subjects were randomized to treatment sequence II.
Both drugs were well tolerated when administered alone or

concomitantly. Headache, abnormal vision, and photophobia
were the more common adverse events when voriconazole was
administered alone. A procedural complication, described as
phlebitis or pain at the intravenous cannula or venipuncture
site, was the most common adverse event when micafungin was
administered alone. The adverse events observed during this
study were consistent with the safety profiles previously re-
ported for each drug (Astellas Pharma US, Inc., unpublished
data; 1, 10, 13).

The mean concentrations for voriconazole are shown in Fig.
1. Mean Cmax and AUC0-12 for voriconazole in the presence of
either micafungin or placebo (day 24) were slightly lower than
those observed for voriconazole alone (day 4), and the 90%
confidence intervals around the parameter ratios (day 24/day

FIG. 1. Plasma concentrations (arithmetic means � standard deviations) of voriconazole over 24 h (2 doses) on days 4 and 24 (A) and of
micafungin over 24 h on days 20 and 24 (B).
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4) were outside the 80%-to-125% confidence limits (Table 1).
When the sequence I voriconazole data were corrected for the
placebo finding, the 90% confidence intervals around the ad-
justed ratios fell within the 80%-to-125% confidence limits. A
repeated-measures ANOVA (P � 0.059) of the trough vori-
conazole concentrations confirmed that steady state was at-
tained by the regimen administered.

The coadministration of voriconazole had no effect on
micafungin pharmacokinetics, as illustrated in Fig. 1. Mean
micafungin AUC0-24 and Cmax values in the presence (day 24)
and absence (day 20) of voriconazole were similar, and the
90% confidence intervals around the parameter ratios (day
24/day 20) were within the 80%-to-125% limits (Table 2). The
attainment of steady state for micafungin was confirmed by a
repeated-measures ANOVA of micafungin trough concentra-
tions (P � 0.2990).

Consistent with previous studies (Astellas Pharma US, Inc.,
unpublished data; 1), micafungin metabolite concentrations
were negligible relative to the parent compound (data not
shown), with mean AUC0-24 values being 8% or less and mean
Cmax values being 4% or less than those observed for mi-
cafungin, regardless of the presence or absence of voricon-
azole.

There were no unexpected safety or pharmacokinetic find-
ings during this study. High intersubject variability (coefficient
of variation, �60%) was observed with regard to voriconazole
kinetics, a result which was not surprising given the drug’s
metabolism by polymorphically expressed CYP enzymes. Sim-
ilar findings have also been reported in the literature and the
voriconazole product labeling information (2, 10, 11). The
mean systemic exposure (AUC0-12) of voriconazole was re-
duced by approximately 19% or 13%, respectively, upon coad-
ministration of micafungin or placebo. A similar effect was
observed for Cmax, which was decreased by approximately 12%
or 10%, respectively. When the data were corrected for the
placebo finding according to a previously reported method

(12, 14), the 90% confidence intervals for both AUC0-12 and
Cmax were within the 80%-to-125% boundaries. It is note-
worthy that the degree of variability in voriconazole kinetics
observed in the current study was similar to that reported in
the presence and in the absence of anidulafungin, another
echinocandin for which a drug interaction with voriconazole
was investigated (2).

The coadministration of voriconazole did not significantly
affect micafungin or metabolite kinetics. Steady state, as de-
termined by trough concentrations, was attained after six
doses, with 93% of steady-state levels being achieved after only
three doses. This time course is consistent with that seen in
previous studies in which micafungin was administered at a
dose of 150 mg/day (Astellas Pharma US, Inc., unpublished
data).

The data suggest that micafungin and voriconazole can be
safely coadministered at clinically relevant doses.

Financial support for this clinical trial was provided by Astellas
Pharma US, Inc., Deerfield, IL.
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TABLE 1. Steady-state pharmacokinetic parameters for voriconazole

Pharmacokinetic
parameter Sequence

Resulta Statistical comparisonb

Day 4 Day 24 Geometric mean
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a Result (arithmetic mean � standard deviation) after administration of voriconazole alone or in combination with micafungin (sequence I) or placebo (sequence II).
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TABLE 2. Steady-state pharmacokinetic parameters for micafungin

Pharmacokinetic
parameter

Resulta Statistical comparison

Day 20 Day 24
Geometric
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(%)

90%
confidence

interval
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a Result (arithmetic mean � standard deviation) after administration of mi-
cafungin alone or in combination with voriconazole (sequence I).
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