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This trial was aimed to estimate the pharmacokinetic interaction between voriconazole and methadone at
steady state in male patients on methadone therapy and to characterize the safety and tolerability profile
during the coadministration. Twenty-three patients on individualized methadone therapy (30 to 100 mg once
daily) were enrolled into this randomized, patient- and investigator-blind, placebo-controlled, parallel-group
study. Methadone pharmacokinetic samples were collected from patients receiving methadone alone as the
baseline before they were randomized to coadminister either 200 mg voriconazole twice daily (BID) (400-mg
BID loading doses on the first day) (n � 16) or matching placebo (n � 7) for the next 5 days. Pharmacokinetic
samples for methadone and voriconazole were collected on the last day of voriconazole dosing. The safety data
were collected throughout the study. Voriconazole increased the steady-state exposure of pharmacologically
active enantiomer (R)-methadone: the mean area under the concentration-time curve from 0 to 24 h (AUC0–24)
was increased by 47.2% (90% confidence intervals [CI]: 37.7%, 57.4%), and the mean peak concentration (Cmax)
was increased by 30.7% (90% CI: 22.2%, 39.8%). The magnitude of increase in (S)-methadone exposure was
greater than that of (R)-methadone: the AUC0–24 was increased by 103.4% (90% CI: 85.0%, 123.6%), and the
Cmax was increased by 65.4% (90% CI: 52.6%, 79.2%). Methadone appeared to have no effect on the steady-state
voriconazole pharmacokinetics compared to the historical data for voriconazole alone. Methadone patients
receiving voriconazole showed no signs or symptoms of significant opioid withdrawal or overdose. Coadmin-
istration of 200 mg voriconazole BID with methadone was generally safe and well tolerated. Nevertheless,
caution should be exercised when voriconazole is coadministered with methadone due to the increase in
(R)-methadone exposure, which in turn may require a dose reduction of methadone.

Subjects most susceptible to serious fungal infections are
typically immunocompromised patients, which include, but are
not limited to, human immunodeficiency virus-AIDS patients.
Drug abuse by injection also accounts for a high percentage of
AIDS cases in adults and adolescents, and therefore, a pro-
portion of human immunodeficiency virus-AIDS patients re-
ceive methadone for the treatment of opiate abstinence syn-
drome (4, 10). Because of the risk of fungal infections in an
addict population, it is possible that voriconazole would be
used in patients receiving methadone maintenance therapy.

Voriconazole is a broad-spectrum triazole antifungal agent
approved for the primary treatment of acute invasive aspergil-
losis and as a salvage therapy for serious fungal infections
caused by Scedosporium apiospermum and Fusarium species as
well as for candidemia in nonneutropenic patients (VFEND
[voriconazole] package insert; Pfizer Inc., New York, NY). It
was reported that in vitro voriconazole is 4- to 16-fold more
active than fluconazole and 2- to 8-fold more active than itra-
conazole against Candida species including C. krusei and C.
glabrata (2, 22). In common with other triazole antifungal
agents, voriconazole inhibits fungal cytochrome P450 (CYP)-

dependent 14-�-sterol demethylase, an essential enzyme in the
synthesis of ergosterol (6, 11, 23). Results of in vitro and in vivo
studies have shown that voriconazole is metabolized by the
cytochrome P450 isozymes CYP2C19, CYP2C9 and, to a lesser
extent, CYP3A4, and it also inhibits the activity of CYP2C19,
CYP2C9, and, to a lesser extent, CYP3A4, possibly through
the saturation of active sites (17, 24, 25, 29). The major me-
tabolite of voriconazole is the N-oxide metabolite, which has
minimal antifungal activity and accounts for more than 70% of
the metabolites in plasma. CYP2C19 is significantly involved in
the metabolism of voriconazole and exhibits genetic polymor-
phism, which accounts for a considerable proportion of the
intersubject variability in voriconazole pharmacokinetics. In
this study, however, patients were not genotyped for CYP2C19
because the main focus of the study was to evaluate the effect
of voriconazole on methadone pharmacokinetics in a crossover
design in which each patient was his own control. Furthermore,
the prevalence of poor CYP2C19 metabolizers is low (3 to 5%)
in Caucasians and blacks (the study population) (VFEND
package insert) (31).

Methadone hydrochloride is a synthetic �-opioid receptor
agonist that is widely used in the prevention of opiate ab-
stinence syndrome and also as an analgesic in patients with
severe pain (21). Methadone is typically administered as a
racemic mixture of (R)- and (S)-methadone, but only (R)-
methadone is pharmacologically active and responsible for
most opioid activity (18). Since methadone has very large in-
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tersubject variability in its pharmacokinetics (i.e., variable pro-
tein binding, variable enzymatic activities, etc.) and pharma-
codynamics (receptor affinity), the dosing regimen for patients
on methadone therapy is individualized as the standard prac-
tice (3, 10, 21). In general, because of the high morbidity and
mortality associated with opioid dependence, methadone is
usually used at a daily dose within the range of 30 to 100 mg
(median, 70 mg) (7, 8, 10). Methadone is metabolized primar-
ily by CYP3A4 and to a lesser extent by CYP2D6 through
N-demethylation to form an inactive metabolite, 2-ethylidene-
1,5-dimethyl-3,3-diphenylpyrrolidine (3, 9, 10). Many in vitro
and in vivo studies suggested that other CYP enzymes may also
be involved in methadone metabolism, including CYP1A2,
CYP2B6, CYP2C8, CYP2C9, and CYP2C19, and some have
demonstrated a stereoselectivity preference, such as CYP2C8
and CYP2D6 towards stereoselective metabolism of (R)-meth-
adone and CYP2B6 towards (S)-methadone (3, 10, 15, 28).
Methadone has not been shown to be an inducer or inhibitor
of CYP3A4 or other isozymes associated with voriconazole
metabolism. It has been reported that methadone may inhibit
the activity of CYP2D6 (30). Although methadone and vori-
conazole share the CYP3A4 metabolic pathway, it is not likely
that methadone would have an effect on voriconazole pharma-
cokinetics based on the knowledge that CYP3A4 substrates
and inhibitors, such as erythromycin and indinavir, have no
effect on voriconazole pharmacokinetics in humans (VFEND
package insert).

It is possible that the inhibition of the metabolic activity of
CYP3A4, CYP2C9, and CYP2C19 by voriconazole may cause a
clinically relevant increase in (R)-methadone exposure leading to
methadone toxicity, and this may paradoxically be interpreted as
opioid withdrawal. The adverse effects and toxicity of methadone
are similar to those described for morphine, including respiratory
depression, nausea, vomiting, dizziness, mental clouding, dyspho-
ria, pruritus, constipation, increased pressure in the biliary tract,
urinary retention, and hypotension (3, 10, 21). Two of the major
concerns with methadone overdose are respiratory depression
and potential QT prolongation, since these effects could increase
the risk of mortality in methadone patients. Careful monitoring of
electrocardiograms (ECGs) and respiration rates (RR) was con-
ducted in this study.

The primary objectives of this study were to estimate the
effect of multiple oral therapeutic doses of voriconazole on the
steady-state pharmacokinetics of methadone in patients on
methadone therapy and to characterize the safety and tol-
erability profile of methadone and voriconazole treatment.
The secondary objective was to estimate the effect of meth-
adone treatment on the steady-state pharmacokinetics of
voriconazole.

MATERIALS AND METHODS

Study design. This study was a randomized, patient- and investigator-blind,
sponsor-open, placebo-controlled, parallel-group, multiple-dose study of 23 male
patients on methadone therapy for the prevention of opiate abstinence syn-
drome. This study was blinded with respect to voriconazole treatment. Patients
who had been receiving a once-daily (QD) oral methadone dose (30 to 100 mg)
for at least 30 days and who met the screening inclusion criteria were enrolled
into the study after they signed the informed consent. Patients continued to
receive their individualized methadone doses in the morning throughout the
study. On study day 2, serial blood samples were collected for methadone mea-
surement, and patients were assigned to one of two groups based on a 2:1

randomization code: group 1 (voriconazole) (n � 16) or group 2 (placebo) (n �
7). On study days 3 to 7, in addition to their methadone dose, patients also
received oral voriconazole twice daily (BID) (400 mg BID on day 3 and 200 mg
BID on days 4 to 7) or matching placebo. Serial blood samples for methadone,
voriconazole, and its N-oxide metabolite measurement were collected on day 7.
All patients were confined to the clinical research unit (CRU) at the Cincinnati
VA Medical Center for 7 days, and patients returned for a follow-up safety visit
at 7 to 10 days after the last dose of voriconazole or placebo before final
discharge from the study. The study protocol was approved by the Cincinnati
Addiction Research Center’s Institutional Review Board and the R & D Com-
mittee of the Cincinnati VA Medical Center.

Study population. All male patients on methadone were otherwise healthy,
were 18 to 55 years old with a body mass index (BMI) of between 18 and 30
kg/m2, and weighed �50 kg. Healthy was defined as no clinically significant
abnormalities other than those associated with a patient population receiving
methadone therapy for the prevention of opiate abstinence syndrome. Patients
were excluded if they had known hypersensitivity to azoles, positive urine drug
screen (except for methadone or its metabolites), or evidence of liver disease or
if they were dependent on or abusing alcohol. Patients were prohibited from
taking medications known to be inhibitors, inducers, or substrates of the
CYP3A4 enzyme or to interact with voriconazole. No consumption of grapefruit
or grapefruit-containing products within 7 days before the first dose of voricon-
azole was allowed.

Drug administration and sample collection. Voriconazole (VFEND; Pfizer)
and matching placebo tablets were supplied to the CRU by Pfizer (New York,
NY). Methadone hydrochloride (Dolophine hydrochloride; Roxane) was sup-
plied by the CRU pharmacy under the conditions for distribution and use of
methadone products described in the Code of Federal Regulations, Title 21,
Section 291.505. While confined to the CRU, patients were fasted at least 4 h
before any safety laboratory evaluations and 8 h prior to the start of drug
administration. Patients continued without food for at least 1 h after dosing.

Blood samples (5 ml) for (R)- and (S)-methadone measurements were col-
lected into heparinized tubes on days 2 and 7 at 1, 2, 3, 4, 6, 8, 10, 12, 16, and 24 h
postdose as well as prior to the morning methadone dose on days 1 to 2 and 4 to
7 (trough concentrations [Cmin]). Blood samples (5 ml) for measurement of
voriconazole and its N-oxide metabolite were collected on day 7 at predose and
1, 2, 3, 4, 6, 8, 10, and 12 h after the morning dose. All blood samples were
centrifuged at 1,700 � g for about 10 min at approximately 4°C, and the har-
vested plasma was stored at approximately �20°C within 1 h of collection until
analysis.

Analytical methods. CEDRA Corporation (Austin, TX) analyzed plasma sam-
ples of (R)- and (S)-methadone using a validated liquid chromatography (LC)
atmospheric pressure ionization tandem mass spectrometry (MS/MS) assay
(ATM-415; CEDRA) (26). Methadone-D9 was used as the internal standard.
The plasma samples (0.250 ml) were extracted via solid-phase extraction and
eluted with a methanol-triethylamine solution. An aliquot of the dried reconsti-
tuted extract was analyzed using SCIEX API 3000 LC/MS/MS apparatus
equipped with a chiral column. The dynamic range of the assay for methadone
was 5 to 500 ng/ml per enantiomer. PPD Development (Richmond, VA) ana-
lyzed plasma samples for voriconazole and its N-oxide metabolite using a pre-
viously validated LC/MS/MS assay (27). The plasma samples (0.100 ml) were
extracted using a solid-phase extraction procedure followed by LC/MS/MS sep-
aration and detection. The dynamic range of the assay for voriconazole was 10 to
2,500 ng/ml, and that for its N-oxide metabolite was 20 to 5,000 ng/ml. The
accuracy of the quality control samples used during sample analysis ranged from
�0.550% to 1.10%, with a precision of �5.66% for voriconazole, and for the
N-oxide metabolite, the accuracy of the quality control samples ranged from
�3.75% to 1.25%, with a precision of �10.2%. Samples were analyzed within the
established long-term stability period.

Pharmacokinetic analysis. Pharmacokinetic analysis was performed with
WinNonlin v.3.2 (Pharsight, Mountain View, CA) using standard noncompart-
mental methods. Maximum observed plasma concentrations (Cmax), time to
reach Cmax (Tmax), and trough concentrations (Cmin) for (R)-methadone, (S)-
methadone, voriconazole, and the N-oxide metabolite were estimated directly
from concentration-time data. The area under the plasma concentration-time
curve (AUC) during the dosing interval (�) (AUC from 0 to 24 h [AUC0–24] for
methadone and AUC0–12 for voriconazole and the N-oxide metabolite) was
estimated using linear/log-trapezoidal approximation. The approximate linearity
of methadone steady-state pharmacokinetics at daily doses ranging from 7.5 mg
to 130 mg was demonstrated previously (13). For the purpose of presenting mean
pharmacokinetic profiles and mean parameter values at a given dose, the meth-
adone concentrations were dose normalized to a 100-mg equivalent dose. Dose
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normalization of the data does not affect the ratios of AUC0–24 and Cmax, since
each patient was his own control for ratio calculations.

Safety assessment. Assessments included repeated safety laboratory tests
(hematology, chemistry, and urinalysis) on days 1 and 7; physical examinations
on days 1, 5, and 8 (before discharge from CRU); vital signs (supine heart rate
[HR], blood pressure [BP], and RR) and 12-lead ECGs on days 2, 3, 6, and 8
(before discharge from CRU); and continuous adverse-event monitoring. All
these assessments were also measured at screening and at follow-up visits. Mul-
tiple measures of vital signs and 12-lead ECGs were at predose and 2, 4, and 8 h
after the morning dose on days 2 (triplicate baseline values), 3, and 6. In addition,
in order to help gauge the severity of symptoms and monitor changes in clinical
status during the study, all patients were queried daily for signs and symptoms
commonly seen in patients with opioid withdrawal using the Clinical Institute
Narcotic Assessment (CINA) scale, including at the follow-up visit (14, 16).

Statistical analysis. (i) Sample size determination. It was determined that a
sample size of 12 patients completing the voriconazole treatment (group 1) was
sufficient to provide 80% power to detect a 20% difference in (R)-methadone
steady-state pharmacokinetic parameters with a 90% confidence interval (CI)
range (19). These calculations were based on the intersubject coefficient of
variation (55%) of the steady-state AUC0–24 for (R)-methadone (13).

(ii) Pharmacokinetic parameters. AUC0-� and Cmax for methadone (dose
normalized), voriconazole, and the N-oxide metabolite are presented as arith-
metic means and standard deviations (SD), and Tmax is presented as median and
range. The median and range are also displayed for methadone AUC0–24, Cmax,
and Cmin values without dose normalization and for voriconazole and the N-
oxide metabolite AUC0–12 and Cmax values. Natural log-transformed dose-nor-
malized AUC0–24 and Cmax of methadone were analyzed using a mixed-effects
analysis of variance model with the SAS MIXED procedure using SAS v.8.2
(SAS Institute Inc., Cary, NC). Restricted maximum likelihood estimation was
used. Treatment was specified as the fixed effect with a random effect for patients
within a group. The point estimates of the adjusted mean treatment differences
(day 7 � day 2) and their respective 90% CIs around the differences were
calculated. These estimated treatment differences and their respective confi-
dence limits were anti-log (exponent) transformed to the ratios of the adjusted
geometric means (day 7/day 2) and their respective 90% CIs around the ratios.
No formal statistical analysis was performed on exposure parameters of voricon-
azole.

(iii) Safety data. All the safety data were summarized descriptively. ECGs
(Bazett corrected QT [QTcB] and Fridericia corrected QT [QTcF]) and vital
signs (supine BP, HR, and RR) were qualitatively described and categorized
relative to the change from the mean of day 2 triplicate values (methadone
alone) for those on days 3 and 6 (methadone plus voriconazole or placebo),
where day 2 measurements served as the time-matched baseline. A linear mixed-
effects model for repeated measures was used to model the change from baseline
in RR and ECG data for all nominal time points obtained on days 3 and 6,
respectively, for each treatment regimen with SAS v.8.2. This model had the
treatment as the fixed effect and the baseline as a covariate. This model also
compared the within-treatment-group differences between the voriconazole
group and the placebo group. Appropriate linear contrasts were used to obtain
point estimates of mean differences of interest, and their 95% CIs of the mean
differences were constructed. No adjustments were made for multiple compari-
sons.

RESULTS

Twenty-three male patients receiving an individualized daily
methadone dose ranging from 32 to 100 mg entered and com-
pleted this study. All patients were included in the pharmaco-

kinetic and safety analyses. Two groups (voriconazole and
placebo groups) had similar demographics and baseline char-
acteristics (Table 1). The median methadone daily dose in the
voriconazole group (n � 16) was 85 mg, with a mean age of 44
years and a mean weight of 87 kg. In the placebo group (n �
7), the median methadone daily dose was 80 mg, with a mean
age of 44 years and a mean weight of 90 kg. Two patients with
a BMI higher than 30 kg/m2 were allowed to participate in this
study and were balanced in each group.

FIG. 1. Mean steady-state methadone plasma concentration-time
profiles following continuous QD dose of methadone alone and coad-
ministered with 200 mg voriconazole BID. Concentrations were nor-
malized to a 100-mg methadone dose. Error bars represent standard
deviations.

TABLE 1. Demographic characteristics at baseline

Characteristic
Value for group

Voriconazole (n � 16) Placebo (n � 7)

Race (no. Caucasian/no. black) 12/4 7/0
Age (yr) [mean 	 SD (range)] 44.0 	 9.2 (19–54) 44.3 	 6.7 (33–55)
Wt (kg) [mean 	 SD (range)] 87.2 	 18.3 (65.3–135.2) 89.9 	 12.5 (74.8–108.9)
BMIa (kg/m2) [mean 	 SD (range)] 27.3 	 5.6 (20.6–44.0) 26.6 	 2.9 (23.0–30.8)
Methadone daily dose (mg) [median (range)] 85 (55–100) 80 (32–100)

a Two patients had a BMI higher than 30 kg/m2 (44.0 and 30.8 kg/m2).
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Effect of voriconazole on steady-state methadone pharma-
cokinetics. The dose-normalized mean steady-state (R)- and
(S)-methadone concentration-time profiles following a contin-
uous QD dose of methadone alone (day 2) and coadministra-
tion with 200 mg voriconazole BID (day 7) are shown in Fig. 1.
The methadone concentrations were higher following coad-
ministration with voriconazole. As shown in Fig. 2 (left panels),
there was a consistent increase in individual steady-state expo-
sure parameters (AUC0–24 and Cmax) of (R)-methadone dur-
ing coadministration with voriconazole. Increases in the ad-
justed geometric mean (R)-methadone AUC0–24 and Cmax

were 47.2% (90% CI: 37.7%, 57.4%) and 30.7% (90% CI:
22.2%, 39.8%), respectively, following coadministration with
voriconazole. A similar trend was observed for (S)-methadone,
and increases in the adjusted geometric mean (S)-methadone
AUC0–24 and Cmax were 103.4% (90% CI: 85.0%, 123.6%) and
65.4% (90% CI: 52.6%, 79.2%), respectively (Table 2). The
90% CIs of (R)- and (S)-methadone AUC0–24 and Cmax ratios
fell out of the 80% to 125% equivalence interval (Table 2). It
is evident that the magnitude of the increase in (S)-methadone
exposure is approximately 50% higher than that of (R)-meth-
adone. In addition, Table 3 presents the median and range of
methadone AUC0–24, Cmax, and Cmin without dose normaliza-
tion.

As expected, in the placebo group, the dose-normalized

mean steady-state (R)- and (S)-methadone concentration-time
profiles were similar on days 2 and 7 following repeated dosing.
As shown in Fig. 2 (right panel), there was no consistent trend
for individual (R)-methadone AUC0-24 and Cmax following co-
administration with placebo, except that one patient had an
unusually high Cmax on day 7. A similar trend was also ob-
served for (S)-methadone. The unusual Cmax (day 7) in this
patient was approximately fivefold higher than that on day 2,
while his AUC0-24 on day 7 was slightly higher than that on day
2. The reasons for this high Cmax are not clear (sample reassay
was conducted). The statistical analyses of exposure parame-
ters in the placebo group were performed with and without this
data point. With the exclusion of this data point, the adjusted
geometric mean ratios of (R)-methadone AUC0-24 and Cmax

(day 7/day 2) were 102.2% and 102.6%, respectively, with their
90% CIs falling in the equivalence acceptance interval (80% to
125%). The statistical results for (S)-methadone were similar
to those for (R)-methadone. These results confirmed that the
increase in methadone exposure was due to voriconazole. In
the placebo group, the intrasubject coefficients of variation for
the AUC0-24 and Cmax of (R)-methadone were 13% and 19%,
respectively, and those of (S)-methadone were 14% and 19%,
respectively.

The (R)- and (S)-methadone steady state was confirmed
following QD dosing of methadone alone and coadministra-

FIG. 2. Individual steady-state (R)-methadone exposure parameters (AUC0–24 and Cmax) following continuous QD dose of methadone alone
and coadministered with 200 mg voriconazole BID or matching placebo. Day 2, methadone alone; day 7, methadone plus voriconazole or placebo.
In the lower right panel, the highest Cmax of (R)-methadone on day 7 was the 1-h concentration in the patient receiving 32 mg methadone plus
placebo.

VOL. 51, 2007 VORICONAZOLE AND METHADONE INTERACTION 113



tion with voriconazole by visual inspection, which was indi-
cated by similar trough levels on days 1 and 2 and on days 6 and
7. In the voriconazole group, the median change in the
(R)-methadone Cmin on day 2 from day 1 was �4.5%, rang-
ing from �21% to 50%, and the median change on day 7
from day 6 was 10.5%, ranging from �8.6% to 31%. A
similar range was also observed for the (S)-methadone Cmin.
The intersubject variability in the methadone Cmin was com-
parable between the voriconazole and placebo groups. In
the placebo group, the median change in the (R)-methadone
Cmin on day 2 from day 1 was �7.2%, ranging from �23.9%
to 10.5%, and the median change on day 7 from day 1 was
17.6%, ranging from �53% to 33%.

Effect of methadone on steady-state voriconazole pharma-
cokinetics. Since the patients were on a continuous methadone
dose for the treatment of opiate addiction, it was not ethical to
obtain the steady-state voriconazole exposure data in the ab-
sence of methadone in these patients. In order to estimate the
effect of methadone on voriconazole pharmacokinetics, the
historical voriconazole data from a reference study in which
the steady-state voriconazole-alone data were obtained from
16 healthy male subjects were used for comparison (20). The
mean steady-state voriconazole concentration-time profiles
following coadministration with methadone (day 7) appeared
to be comparable to those for the historical reference data
(Fig. 3). The steady-state exposure parameters of voriconazole
and the N-oxide metabolite following coadministration with
methadone (day 7) were comparable to those observed in the
reference study (Table 4). The intersubject variabilities in the

voriconazole AUC0–12 and Cmax were similar in these two
studies.

Safety. There were no deaths, discontinuations, or dose re-
ductions due to adverse events in this study. During the study
period, there were no reports of serious adverse events (SAEs)
or severe adverse events. There was one SAE (severe suicide
attempt) reported by one patient after 7 days after the last dose
of voriconazole. This SAE was not considered treatment re-
lated by the investigator but was attributed to cocaine misuse
after discharge from the study. A total of 30 adverse events (23
mild and 7 moderate) were reported by 15 out of 23 patients
receiving methadone alone on the first 2 days, 62 adverse
events (54 mild and 8 moderate) were reported by 15 out of 16
patients receiving methadone plus voriconazole on days 3 to 7
and at the follow-up visit, and 17 adverse events (mild) were
reported by 5 out of 7 patients receiving methadone plus pla-
cebo on days 3 to 7 and at the follow-up visit (Table 5). Three
of the adverse events reported by 3 out of 23 patients on
methadone alone were considered treatment related, 23 of the
adverse events reported by 10 out of 16 patients on methadone
plus voriconazole were considered treatment related, and 7 of
the adverse events reported by 3 out of 7 patients on metha-
done plus placebo were considered treatment related (Table
5). As shown in Table 5, the most frequently reported adverse
events were insomnia, back pain, headache, abdominal pain,
nausea, somnolence, constipation, and rhinitis. Some of the
additional adverse events observed in the voriconazole group
are common in patients receiving treatment with voriconazole
alone at the therapeutic dose evaluated in this study, such as

TABLE 2. Summary of dose-mormalized steady-state methadone pharmacokinetic parameters following continuous QD dose of methadone
alone (day 2) and coadministration with 200 mg voriconazole BID (day 7)a

Parameter

Value for groupb

Geometric mean ratio
(%) (day 7/day 2) 90% CIs Range of

increase (%)Methadone alone
(day 2)

Methadone �
voriconazole (day 7)

(R)-Methadone
AUC0-24 (ng · h/ml) [mean (SD)] 5,540 (2,100) 7,980 (2,390) 147.2 137.7, 157.4 20–113
Cmax (ng/ml) 322 (109) 417 (117) 130.7 122.2, 139.8 9–85
Tmax (h) [median (range)] 2.5 (1.0–4.0) 3.0 (1.0–6.0)

(S)-Methadone
AUC0-24 (ng · h/ml) [mean (SD)] 5,730 (2,580) 11,200 (3,580) 203.4 185.0, 223.6 51–203
Cmax (ng/ml) 366 (128) 596 (166) 165.4 152.6, 179.2 34–151
Tmax (h) [median (range)] 2.0 (1.0–3.0) 2.5 (1.0–6.0)

a n � 16.
b AUC0-24 and Cmax were dose normalized to 100 mg.

TABLE 3. Steady-state methadone pharmacokinetic parameters following continuous QD dose of 30 to 100 mg methadone alone (day 2) and
coadministration with 200 mg voriconazole BID (day 7)a

Treatment
Median (range)

AUC0–24 (ng · h/ml) Cmax (ng/ml) Cmin (ng/ml)

Methadone alone (day 2)
(R)-Methadone 4,300 (2,240–7,860) 256 (149–447) 147 (78.3–287)
(S)-Methadone 4,030 (2,060–7,770) 287 (143–488) 116 (48.2–287)

Methadone � voriconazole (day 7)
(R)-Methadone 5,910 (3,840–9,870) 319 (209–506) 219 (128–418)
(S)-Methadone 8,710 (5,190–13,370) 486 (298–749) 308 (180–643)

a n � 16.
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three patients with six reported mild incidences of abnormal
vision (resolved without treatment) (VFEND package insert).

The majority of the total CINA scores were 0 or 1, and no
patient had a total score higher than 7, which indicated that there
were no significant signs and symptoms of opioid withdrawal.

There were no clinically significant trends in safety labora-
tory tests or in mean changes from baseline measurements of
BP or HR. There were no differences in postdose changes from
baseline values of RR when methadone coadministered with
voriconazole was compared with methadone coadministered
with placebo, as all of the 95% CIs covered zero. A total of 10
patients had prolonged QT values during the study; however, 9
patients exhibited prolongation of QT and corrected QT
(QTc) from their time-matched baselines at variable and in-
consistent time points while receiving either methadone plus
voriconazole or matching placebo. Table 6 provides a categor-
ical summary of patients with QTcB and QTcF changes from
baseline that were between 30 and 60 ms and/or with QTcB
and QTcF absolute values of �450 ms. These changes were
considered within the normal variability for patients on meth-
adone therapy. Additionally, there were no significant mean
differences in any postdose changes from baseline values of

QTcF or QTcB when methadone coadministered with voricon-
azole was compared to methadone coadministered with pla-
cebo, as all of the 95% CIs contained zero.

Overall, the coadministration of 200 mg voriconazole BID in
patients on methadone therapy for the treatment of opiate
abstinence syndrome was generally safe and well tolerated.

DISCUSSION

The increase in methadone exposure following coadminis-
tration with voriconazole was probably due to the inhibition of
CYP3A4, CYP2C9, and/or CYP2C19 by voriconazole. It is
interesting that there is stereoselective inhibition of metha-
done metabolism by voriconazole, which resulted in moderate
but consistently higher increases in (S)-methadone exposure
than in (R)-methadone exposure. It has been reported that
CYP3A4 has no stereoselectivity on methadone metabolism
(12). In a clinical drug-drug interaction study with paroxetine
and methadone, the results suggested that CYP2D6 preferen-

FIG. 3. Mean steady-state voriconazole plasma concentration-time
profile following coadministration of 200 mg voriconazole BID with
continuous QD dose of 30 to 100 mg methadone and 200 mg voricon-
azole BID alone (historical control). The profile for voriconazole alone
was obtained from a clinical study of healthy male subjects (20). Error
bars represent standard deviations. The time points were separated
slightly for presentation purposes.

TABLE 4. Steady-state pharmacokinetic parameters of voriconazole and its N-oxide metabolite following coadministration of 200 mg
voriconazole BID with continuous QD dose of 30 to 100 mg methadone (n � 16) and 200 mg voriconazole BID alone (n � 16)

Treatment
AUC0–12 (�g · h/ml) Cmax (�g/ml) Tmax (h)

[median (range)]Mean (SD) Median (range) Mean (SD) Median (range)

Voriconazole
With methadone 24.1 (18.2) 22.4 (3.34–61.9) 2.96 (1.82) 3.10 (0.78–6.14) 2.0 (1.0–2.0)
Alonea 26.3 (14.0) 28.5 (5.22–54.4) 3.06 (1.16) 3.07 (1.29–5.38) 2.0 (0.0–4.0)

N-Oxide metabolite
With methadone 34.4 (8.66) 33.8 (18.4–52.0) 3.26 (0.79) 3.28 (1.76–4.83) 4.0 (2.0–12.0)
Alonea 32.6 (8.26) 32.6 (18.3–45.3) 3.00 (0.79) 2.97 (1.68–4.29) 6.0 (0.5–10.0)

a Pharmacokinetic parameters for voriconazole alone were obtained from a clinical study of healthy male subjects (20).

TABLE 5. Most frequently reported all-causality treatment-emergent
signs and symptoms (treatment related)

All-causality
AE (treatment

related)a

No. of patients

Voriconazole group Placebo group

Methadone
alone

(n � 16)

Methadone �
voriconazole

(n � 16)

Methadone
alone

(n � 7)

Methadone �
placebo
(n � 7)

Insomnia 1 (0) 5 (1) 1 (0) 1 (0)
Back pain 3 (0) 4 (1) 0 (0) 1 (0)
Headache 3 (0) 2 (0) 0 (0) 2 (1)
Abdominal pain 0 (0) 3 (3) 1 (0) 2 (2)
Nausea 1 (0) 2 (1) 0 (0) 2 (1)
Somnolence 2 (0) 3 (1) 0 (0) 0 (0)
Constipation 1 (1) 2 (1) 0 (0) 1 (1)
Rhinitis 1 (1) 0 (0) 2 (1) 1 (0)
Abnormal visionb 0 (0) 3 (3) 0 (0) 0 (0)

Total no. of all-
causality AEs
(treatment
related)

22 (2) 62 (23) 8 (1) 17 (7)

Total no. of
patients with
treatment-
related AEs (%)

2 (12.5) 10 (62.5) 1 (14.3) 3 (42.9)

a If the same patient had more than one occurrence in the same preferred term
event category, only the most severe occurrence was noted. Patients were
counted only once per treatment in each row.

b This event is known to be related to voriconazole treatment.
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tially metabolized (R)-methadone, and one or more of the
other enzymes (CYP1A2, CYP2C9, and CYP2C19) inhibited
by paroxetine might have stereoselectivity toward (S)-metha-
done metabolism (1). Another clinical study with fluvoxamine
and methadone suggested that CYP1A2 and CYP2C19 were
involved in the metabolism of methadone without stereoselec-
tivity (9). Putting all the information together, CYP2C9 may
have stereoselectivity towards (S)-methadone.

The magnitude of the increase in methadone exposure
parameters following coadministration with voriconazole does
not appeared to be correlated with methadone doses. For
instance, four patients who received 100-mg methadone doses
had an increase in the (R)-methadone AUC0–24 ranging from
20% to 113%, and two patients who received 55-mg and 60-mg
methadone doses had increases in the AUC0–24 of 55% and
71%, respectively. In addition, the relationship between the
magnitude of the increase in methadone exposure parameters
and the frequency and severity of adverse events was investi-
gated and showed no clear correlation.

Since large intersubject variability in methadone and vori-
conazole exposures was observed, the following is a discussion
of clinical consequences in a few cases in which the extremes of
exposures were observed. A 19-year-old Caucasian male re-
ceiving a 100-mg methadone dose had the highest increase in
(R)-methadone AUC0–24, 113% (9,420 ng · h/ml on day 7), in
the presence of voriconazole (AUC0–12, 18.1 �g · h/ml). This
patient reported one treatment-related incident (somnolence)
on day 3 and had an elevated QTc interval of 478 ms (QTcB)
and 467 ms (QTcF) on day 6 (approximately 2 h after the
evening dose of voriconazole). Time-matched baseline (day 2)
values of 433 ms (QTcB) and 426 ms (QTcF) were recorded
for this patient. During the rest of the study, this patient con-
tinued to have prolonged QTc intervals of 
470 ms, which the
investigator considered to be normal. No other adverse events
were recorded for this patient; no vital sign measurements or
safety laboratory tests were considered to be of potential clin-
ical concern. Three patients had the second-highest increase in
(R)-methadone AUC0–24, 71 to 72% (with AUC0–24 achieved
on day 7 as 3,840, 4,250, and 5,750 ng · h/ml, respectively), and
none of them had treatment-related adverse events. A 50-year-
old Caucasian male receiving a 100-mg methadone dose had
the lowest increase in (R)-methadone AUC0–24, 20% (7,860
ng · h/ml on day 2 and 9,460 ng · h/ml on day 7), in the presence
of voriconazole (AUC0–12, 36.3 �g · h/ml). This patient had
three treatment-related adverse events: abnormal vision on

day 3, pruritus on days 3 and 4, and agitation on day 6. A
48-year-old Caucasian male receiving a 70-mg methadone dose
had the highest exposure to methadone and voriconazole, and
the increase in the (R)-methadone AUC0–24 was 26% (7,840
ng · h/ml on day 2 and 9,870 ng · h/ml on day 7) in the presence
of voriconazole (AUC0–12, 61.9 �g · h/ml). Based on the ex-
posure values, it is speculated that this patient might be a poor
metabolizer of CYP2C19. This patient had two episodes of
elevated QTc intervals on days 2 and 3. On day 2 (methadone
alone), the QTcB and QTcF values were 594 and 602 ms,
respectively, at approximately 2 h postdose. As this was a
triplicate measurement and no other measurements recorded
at this time were borderline (430 to 450 ms) or prolonged
(�450 ms), the investigator attributed this single measurement
to a machine error. On day 3, this patient presented with an
elevated QTc interval of 520 ms (QTcB) and 526 ms (QTcF) at
approximately 2 h after receiving 400 mg voriconazole and 70
mg methadone; this abnormal measurement was considered to
be treatment related. Although QTc interval values recorded
at the remaining protocol-specified times did not meet the
criteria for clinical significance, the investigator did not con-
sider them to be normal, with the exception of the 8-h postdose
measurement on day 6 and before discharge from CRU on day
8. This patient also reported a few mild, treatment-related
adverse events, such as heart palpitations on days 5, 6, and 7
(approximately 11 h after morning doses), insomnia after the
evening voriconazole dose on day 3, and blurred vision of the
right eye on day 10. No vital sign measurements were of clinical
concern for this patient.

The effect of voriconazole on methadone pharmacokinetics
was similar to that of fluconazole, another member of triazole
family. Fluconazole increased the methadone AUC0–24 by 35%
in patients on methadone therapy (average daily dose of 55
mg) following coadministration with a 200-mg QD dose of
fluconazole, where the total methadone was measured (5). The
results for fluconazole also suggest that up to a 35% increase in
the steady-state methadone AUC would not result in metha-
done toxicity.

In this study, an attempt was made to estimate the effect of
methadone on voriconazole pharmacokinetics by comparing
the data with historical voriconazole-alone data from a previ-
ous study. However, subjects were not genotyped in both stud-
ies. It is well known that a CYP2C19 polymorphism has a
significant effect on the systemic exposure of voriconazole,
since CYP2C19 is the major enzyme involved in its metabo-

TABLE 6. QTcB and QTcF changes from baselinea

Parameter Criterion (ms)

Methadone � voriconazole Methadone � placebo

Total no.
of patients

No. of patients
that met criteria

% of patients
that met criteria

Total no.
of patients

No. of patients
that met criteria

% of patients
that met criteria

QTcBb �450 16 5 31.3 7 2 28.6
30–
60d 16 4 25.0 7 1 14.3

QTcFc �450 16 6 37.5 7 2 28.6
30–
60d 16 4 25.0 7 1 14.3

a Baseline was the time-matched average of the triplicate values taken at predose and at 2, 4, and 8 h on day 2 (methadone alone).
b QTc corrected for heart rate using Bazett’s formula: QT/(60/HR)

1⁄2.
c QTc corrected for heart rate using Fridericia’s formula: QT/(60/HR)

1⁄3.
d Maximum increase from baseline.
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lism. Based on our previous experience, on average, a two- to
fourfold-higher systemic exposure in heterozygous extensive
metabolizers and poor metabolizers is expected compared to
homozygous extensive metabolizers (VFEND package insert).
Therefore, comparison of pharmacokinetic profiles among
subjects with similar CYP2C19 statuses would have decreased
the intersubject variability in voriconazole exposure parameters.
In this study, 1 out of 16 patients had very high voriconazole
exposure (AUC0–12, 61.9 �g · h/ml), and this patient might be a
poor metabolizer of CYP2C19. The potential limitation with
respect to high intersubject variability due to a lack of
CYP2C19 genotyping data is acknowledged for the compari-
son with historical voriconazole data. However, the compari-
son with historical data is valid because of the following rea-
sons: (i) it has not been reported that methadone inhibits or
induces CYP2C19 activity (3, 10, 15, 28), and (ii) the intersub-
ject variability and the distribution range of voriconazole ex-
posure observed in this study are similar to those of the his-
torical control. For instance, in the presence of methadone
(day 7), the individual voriconazole AUC0–12 ranged from 3.34
to 61.9 �g · h/ml, with a median value of 22.4 �g · h/ml, and the
intersubject variabilities in the voriconazole AUC0–12 and Cmax

were 75% and 61%, respectively (Table 4). In the reference
study, the individual voriconazole AUC0–12 ranged from 5.22
to 54.4 �g · h/ml, with a median value of 28.5 �g · h/ml, and the
intersubject variabilities in the voriconazole AUC0–12 and Cmax

were 53% and 38%, respectively (Table 4). In addition, based
on the data from 236 subjects in clinical phase 1 studies, the
average steady-state voriconazole AUC0–12 at a 200-mg BID
oral dose was 19.9 �g · h/ml, with intersubject variability of
94% (VFEND package insert). These results indicated that
methadone appeared to have no effect on voriconazole phar-
macokinetics.

In this study, although the systemic (R)-methadone concen-
trations were elevated, no patient had evidence of methadone
toxicity, which was demonstrated by the safety assessments.
In addition, the (R)-methadone concentrations may be
slightly decreased after voriconazole discontinuation, and
no signs or symptoms of opioid withdrawal (including CINA
score) were observed at the follow-up visit (7 to 10 days
after the last dose of voriconazole). These safety findings are
consistent with the magnitude of pharmacokinetic interac-
tions observed in this trial.

The highest daily methadone dose evaluated was 100 mg in
this study. If patients receive much higher methadone doses for
pain management, which were not examined in this study,
caution should be taken, and a reduction in the methadone
dose may be needed, since the probability of concomitant
voriconazole causing toxicity in these patients might be higher.

In summary, there was an increase in (R)-methadone ex-
posure (AUC0–24, 47.2%; Cmax, 30.7%), and the coadminis-
tration of 200 mg voriconazole BID in male patients receiv-
ing methadone was generally safe and well tolerated.
Nevertheless, caution should be exercised: careful clinical
follow-up of objective signs and subjective symptoms of opi-
oid overdose in methadone patients receiving voriconazole
therapy is recommended, and a reduction in the methadone
dose may be needed.
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