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Abstract

This article summarizes 4 phase | trials that explored interactions between the novel, triazole antifungal isavuconazole
and substrates of the drug transporters breast cancer resistance protein (BCRP), multidrug and toxin extrusion protein-|
(MATEI), organic anion transporters |/3 (OAT |/OAT 3), organic anion-transporting polypeptide IBl (OATPIBI),organic
cation transporters /2 (OCT1/OCT2),and P-glycoprotein (P-gp). Healthy subjects received single doses of atorvastatin
(20 mg; OATPIBI and P-gp substrate), digoxin (0.5 mg; P-gp substrate), metformin (850 mg; OCTI, OCT2,and MATEI
substrate), or methotrexate (7.5 mg; BCRP, OAT |, and OAT3 substrate) in the presence and absence of clinical doses
of isavuconazole (200 mg 3 times a day for 2 days; 200 mg once daily thereafter). Coadministration with isavuconazole
increased mean area under the plasma concentration-time curves (90% confidence interval) of atorvastatin, digoxin, and
metformin to 137% (129, 145), 125% (117, 134), and 152% (138, 168) and increased mean maximum plasma concentra-
tions to 103% (88, 121), 133% (119, 149),and 123% (109, 140), respectively. Methotrexate parameters were unaffected
by isavuconazole. There were no serious adverse events. These findings indicate that isavuconazole is a weak inhibitor
of P-gp,as well as OCT|, OCT2, MATEI, or a combination thereof but not of BCRP, OATPIBI, OAT I, or OAT3.
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Invasive fungal infections are a common cause of  agents,’ its active moiety, isavuconazole, is metabolized
life-threatening disease worldwide.! Patients who are by the cytochrome P450 (CYP) system. Primarily, it is
immunocompromised due to malignancy or as a conse- a sensitive substrate and acts as a moderate inhibitor of
quence of immunosuppressive therapy are particularly
at risk.”* However, despite advances in antifungal
pharmacology, currently available medications have a ! Astellas Pharma Global Development, Northbrook, IL, USA
number of limitations, including toxicity, a tendency jPAREXE'-' Baltimore, MD, USA
for drug-drug interactions, and the emergence of 4PA_R,EXEL' Los Angeles, CA, USA o
. 5.6 Clinical Pharmacology of Miami, Inc, Miami, FL, USA
resistance.”® Thus, the development of novel, safe, and 5Randstad Pharma. Deerfield. IL. USA
effective antifungal drugs is an urgent clinical need.
Isavuconazonium sulfate is a new, broad-spectrum, oPe! oo ) . =
lubl . 1 i ) d h mons Attribution-NonCommercial License, which permits use, distri-
water-soluble, triazo e antifungal prodrug that was bution and reproduction in any medium, provided the original work is
approved for adults in 2015 by the US Food and properly cited and is not used for commercial purposes.
Drug Administration for the treatment of invasive
aspergillosis and invasive mucormycosis and by the
European Medicines Agency for the treatment of  Cerresponding Author:
invasive aspereillosis and for mucormvcosis when Robert Townsend, PhD, Astellas Pharma Global Development, Inc.,
. p g. X . Y Global Clinical Pharmacology & Exploratory Development-Science, |
amphotericin B is inappropriate, based on the results of  Agtellas Way, Northbrook, IL 60062
phase 3 clinical trials.”® Like most triazole antifungal (e-mail: robert.townsend@astellas.com)
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the CYP3A4 isoenzyme.” Isavuconazole is also a mild
inducer of CYP2B6, but it has no inductive or in-
hibitory potential for CYP1A2, CYP2C8, CYP2C9,
CYP2D6, or CYP2C19 (see accompanying articles’ ).
In addition, isavuconazole is a weak inhibitor of
uridine diphosphate glucuronosyltransferase (see also
accompanying article'!).

Triazole antifungal agents also are known to interact
with drug transporters and thereby lead to drug-drug
interactions with medications that are substrates of
transporters.'?> Preclinical studies have indicated that
although isavuconazole is not a substrate of the major
drug transporters, it may act as an inhibitor of certain
transporters (data on file). For example, the bidirec-
tional transport of [*H]digoxin across monolayers of
LLC-PKI1 cells transfected with human P-glycoprotein
(P-gp) was weakly inhibited by isavuconazole (in-
hibitory constant [ICsp] 25.7 umol/L), as was bidi-
rectional transport of [*H]prazosin by breast cancer
resistance protein (BCRP; ICsy 35.3 umol/L). Varying
levels of inhibition by isavuconazole were also observed
in human embryonic kidney (HEK?293) cells stably
transfected to express multidrug and toxin extrusion
1 (MATEL; ICsg, 6.31 umol/L with ["*C]metformin
substrate), organic anion transporter 1 (OATI; ICs
>10 pmol/L, with [*H]-p-aminohippuric acid sub-
strate), OAT3 (ICso >10 umol/L with [*H]estrone
sulfate  substrate), organic  anion-transporting
polypeptide 1B1 (OATPI1B1), ICsy 11.2 umol/L with
[*H]estradiol 17B-D-glucuronide substrate), organic
cation transporter 1 (OCT1; ICsy 3.74 umol/L; K; 1.74
wmol/L, with ["*C]tetraecthylammonium bromide) and
OCT2 (IC5p 1.97 pumol/L, and K; 0.69 umol/L, with
['*C]metformin substrate). Values of ICsy or K; <16
umol may be suggestive of clinical relevance because,
based on recommended clinical dosing (200 mg 3
times daily for 2 days, then 200 mg daily), maximum
plasma concentrations of isavuconazole are typically
<7 png/mL (data on file; isavuconazole molecular
weight 437.47 g/mol). Because isavuconazole would be
used in immunocompromised patients with systemic
mycoses who require concomitant medications, phase 1
clinical trials were conducted to examine the potential
for drug-drug interactions between isavuconazole and
the transporter substrates atorvastatin (OATPI1B1
and P-gp substrate; also a substrate for CYP3A4),"3
digoxin (P-gp substrate),'* metformin (OCT1, OCT2,
and MATE] substrate),'”> and methotrexate (BCRP,
OAT1, and OAT3 substrate).!®!7

Methods
Study Design

Signed institutional review board-approved written
informed consent was obtained from all subjects at

each study site (atorvastatin study, Independent In-
vestigational Review Board, Inc. Plantation, Florida;
digoxin, metformin, and methotrexate studies, Aspire
IRB, LLC, Santee, California) before any study-related
procedures were carried out. Studies were undertaken
in compliance with the good clinical practice guidelines
of the International Conference on Harmonization of
Technical Requirements for Registration of Pharma-
ceuticals for Human Use and the principles of the Dec-
laration of Helsinki.

These studies were phase 1, single-center, open-
label, sequential-dosing trials, conducted in healthy
subjects to assess drug-drug interactions between isavu-
conazole (administered as isavuconazonium sulfate;
CRESEMBA® oral capsules; Astellas Pharma US,
Inc., Northbrook, Illinois) and the transporter sub-
strates atorvastatin calcium (LIPITOR" oral tablets,
Pfizer Inc. New York, New York; trial conducted
in August 2012 at Clinical Pharmacology of Mi-
ami, Inc. Miami, Florida; ClinicalTrials.gov identi-
fier NCT01635946), digoxin (LANOXIN® oral tablets,
Covis Pharmaceuticals, Inc. Cary, North Carolina;
trial conducted April to May 2012 at PAREXEL
International, Baltimore, Maryland; NCT01582412),
metformin (GLUCOPHAGE® oral tablets, Bristol-
Myers Squibb Company, Princeton, New Jersey; trial
conducted January to February 2013 at California
Clinical Trials Medical Group, Glendale, California;
NCTO01884558), and methotrexate sodium (generic oral
tablets; trial conducted January to March 2013 at Cal-
ifornia Clinical Trials Medical Group, Glendale, Cali-
fornia; NCT01884636). These agents are recommended
by the US Food and Drug Administration as validated
substrates to examine potential interactions with trans-
porters in vivo.

Healthy, medication-free, male and female subjects
aged 18 to 55 years, weighing >45 kg, with a body mass
index of 18 to 32 kg/m?, and with no clinically signifi-
cant disease history were enrolled in these studies. Only
male subjects were enrolled in the methotrexate study.

Dosing and Sampling Schedules

Dosing information is expressed in this report as the
isavuconazole equivalent of the prodrug, isavuconazo-
nium sulfate. Each oral capsule contained isavucona-
zonium sulfate 186 mg, equivalent to isavuconazole
100 mg. The clinically targeted dose of isavuconazole
is 200 mg 3 times a day loading dose (TID), followed
by 200 mg once daily (QD).

Atorvastatin. Subjects were screened between day
—21 and day 2. Following screening, subjects checked
in at the study center on day —1, where they remained
until completion of all study procedures on day 16.
Follow-up was performed by telephone on day 24 + 2
(Figure 1A).
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A. Atorvastatin

Isavuconazole 200 mg
+

atorvastatin 20 mg

. Atorvastatin Isavuconazole Isavuconazole Isavuconazole
[ Check-in ] [ 20 mg ] [ Washout ] [ 200 mg TID ] [ 200 mg QD ] [ 200 mg QD ] [ Check-out ]
Day -1 Day 1 Days 2-7 Days 8, 9 Days 10,11  Day 12  Days 13-15 Day 16
B. Digoxin Isavuconazole 200 mg
+
digoxin 0.5 mg
. Digoxin Isavuconazole Isavuconazole Isavuconazole
Check-in 0.5 mg Washout 200 mg TID 200 mg QD 200 mg QD Check-out
Day -1 Day 1 Days 2-14 Days 15, 16 Days 17,18 Day 19  Days 20-26 Day 27
C. Metformin Isavuconazole 200 mg
+
metformin 850 mg
. Metformin Isavuconazole Isavuconazole Isavuconazole
[ Check-in ] [ 850 mg ] [ Washout ] [ 200 mg TID ] [ 200 mg QD ] [ 200 mg QD ] [ Check-out ]
Day -1 Day 1 Days 2,3 Days 4, 5 Days 6, 7 Day 8 Day 9 Day 10
D. Methotrexate Isavuconazole 200 mg
+
methotrexate 7.5 mg
. Methotrexate Isavuconazole Isavuconazole Isavuconazole
[ Check-in ] [ 7.5 mg ] [ Washout ] [ 200 mg TID ] [ 200 mg QD ] [ 200 mg QD ] [ Check-out ]
Day -1 Day 1 Days 2, 3 Days 4, 5 Days 6, 7 Day 8 Day 9 Day 10

Figure |. Atorvastatin, digoxin, metformin, and methotrexate study dosing and sampling schedules. QD, once daily; TID, 3 times a day.

On day 1, subjects received a single dose of oral
atorvastatin calcium 20 mg. After a 7-day washout pe-
riod, subjects received oral isavuconazole 200 mg TID
(approximately 8 hours apart) on days 8§ and 9, fol-
lowed by oral isavuconazole 200 mg QD on days 10 to
15. On day 12, a concomitant dose of oral atorvastatin
calcium 20 mg was administered immediately follow-
ing isavuconazole. Subjects fasted for at least 10 hours
prior to administration of both doses of atorvastatin
on days 1 and 12 and prior to isavuconazole dosing on
day 11; they continued to fast for 4 hours after admin-

istration. On day 12, isavuconazole was administered
immediately following atorvastatin.

Blood samples were obtained for pharmacokinetic
(PK) assessment of atorvastatin on days 1 and 12 prior
to dosing, and 0.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12,
16, 20, 24, 48, 72, and 96 hours postdose; and for PK
assessment of isavuconazole on days 11 and 12 prior to
dosing and 0.5, 0.75, 1, 1.5, 2, 3, 4, 5, 6, 8, 10, 12, 16,
and 20, and 24 hours postdose.

Digoxin. Subjects were screened (days —28 to —2) be-
fore checking in at the study center (day —1), where they
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remained through day 9 and between days 14 and 27. A
follow-up visit was conducted 7 days after final dosing
of isavuconazole (day 34 + 2) (Figure 1B).

On day 1, subjects received a single oral dose of
digoxin 0.5 mg. After a 2-week washout, subjects
received oral isavuconazole 200 mg TID (approximately
8 hours apart) on days 15 and 16, followed by oral
isavuconazole 200 mg QD on days 17 to 26. On day
19, another single dose of oral digoxin 0.5 mg was ad-
ministered immediately prior to isavuconazole. Subjects
fasted for at least 10 hours prior to digoxin dosing on
days 1 and 19, and for 4 hours after administration.
Isavuconazole was administered immediately following
digoxin on day 19.

Blood samples were obtained for PK assessment of
digoxin on days 1 and 19 prior to dosingand 0.5, 1, 1.5,
2,3,4,5,6,8, 10, 12, 16, 20, 24, 48, 72, 96, 120, 144,
168, and 192 hours postdose; and for PK assessment of
isavuconazole on days 18 and 19 prior to dosing and
0.5,1,1.5,2,3,4,5,6, 8, 10, 12, 16, 20, and 24 hours
postdose.

Metformin. Subjects were screened from day —21
to day -2, prior to check in at the study center on
day —1, where they remained through completion of
study procedures on day 10, and follow-up was per-
formed by telephone on day 16 (42 days) (Figure 1C).
On day 1, subjects received a single dose of oral met-
formin hydrochloride 850 mg. After a 3-day washout,
subjects received oral isavuconazole 200 mg TID (ap-
proximately 8 hours apart) on days 4 and 5, followed
by oral isavuconazole 200 mg QD on days 6 through
9. On day 8, a further single oral dose of metformin hy-
drochloride 850 mg was administered immediately after
isavuconazole. On days 1, 7, and 8, doses were admin-
istered after a 10-hour fast, and subjects continued to
fast for 4 hours after administration of the drugs. Met-
formin was dosed after isavuconazole on day 8.

Blood samples for PK assessment of metformin were
obtained on days 1 and 8 prior to dosing and 1, 1.5,
2,2.5,3,3.5,4,6,8, 10, 12, 16, 24, 36, and 48 hours
postdose and for PK assessment of isavuconazole on
days 7 and 8 prior to dosing, and 1, 1.5, 2, 2.5, 3, 3.5, 4,
6, 8,10, 12, 16, and 24 hours postdose.

Methotrexate. The screening, dosing, and follow-up
schedule in this study was identical to that for the
metformin study (Figure 1D). Subjects received sin-
gle doses of oral methotrexate 7.5 mg alone and con-
comitantly with oral isavuconazole. Blood samples
for PK analysis of methotrexate and its metabolite
7-hydroxymethotrexate (also transported by BCRP'®)
were obtained on days 1 and 8 prior to dosing and 1,
1.5,2,2.5,3,3.5,4,6,8, 10, 12, 16, 24, and 36 hours
postdose; and for PK analysis of isavuconazole on days
7 and 8 prior to dosing, and 1, 1.5, 2, 2.5, 3, 3.5, 4, 6, 8,
10, 12, 16, and 24 hours postdose.

Pharmacokinetic Assessments

Measurement of plasma concentrations of all ana-
lytes was conducted by liquid chromatography—mass
spectrometry/mass spectroscopy (see Supplementary
Materials for details). The primary PK parameters
evaluated were area under the plasma concentration—
time curve (AUC) from time of dosing extrapolated
to infinity (AUCs), AUC from time of dosing to the
last measurable concentration (AUC,g ), and maximum
observed plasma concentration (Cyy,x). Other PK pa-
rameters calculated were AUC during the time inter-
val between consecutive dosing (AUC,), time to Cyax
(tmax), apparent volume of distribution (V,/F), appar-
ent body clearance after extravascular dosing (CL/F),
and half-life (t;/).

Safety Assessments

Treatment-emergent adverse events (TEAEs) were
monitored and assessed throughout the studies. TEAEs
were defined as any untoward medical events (not nec-
essarily caused by study drug administration) that oc-
curred from the time of study drug administration (day
1) to the end of the study. Safety was also evaluated us-
ing vital-sign measurements, 12-lead ECG, clinical lab-
oratory testing (hematology, chemistry, and urinalysis),
and physical examinations.

Statistics

Descriptive statistics were used to summarize demo-
graphics, baseline characteristics, and TEAEs in all sub-
jects who received =1 dose of the study drug. The
PK parameters were assessed in all subjects who re-
ceived >1 dose of the study drug and whose PK data
were adequate for the calculation of >1 primary PK
parameter (AUC and C,,,x). Levels of analyte below
the level of quantification were entered as 0 for cal-
culations. To assess the effect of isavuconazole on the
PK of atorvastatin, digoxin, metformin, methotrex-
ate, and 7-hydroxymethotrexate, log-transformed pa-
rameters (AUC, AUC,y, and Cy,,x) were analyzed
using a mixed-effects model with treatment (substrate
alone and substrate plus isavuconazole) as a fixed ef-
fect and subject as a random effect. For the primary
PK parameters, 90% confidence intervals (Cls) were
constructed around the geometric least-squares mean
ratios of transporter substrate plus isavuconazole vs
transporter substrate alone. Parameters were calcu-
lated using noncompartmental analysis with Phoenix"”
WinNonlin® version 6.2 (Certara USA, Inc. Prince-
ton, New Jersey). All PK and safety data analyses were
performed using SAS” version 9.1 or higher (SAS"”
Institute Inc. Cary, North Carolina).
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Table |. Baseline Demographics and Subject Characteristics

Parameter Atorvastatin (n = 24) Digoxin (n = 24) Metformin (n = 24) Methotrexate (n = 24)
Sex, n (%)

Male 13 (54.2) 18 (75.0) 18 (75.0) 24 (100)

Female 11 (45.8) 6 (25.0) 6 (25.0) 0
Race, n (%)

White 18 (75.0) 7 (29.2) 14 (58.3) 14 (58.3)

Black or African 6 (25.0) 16 (66.7) 7 (29.2) 7(29.2)
American

Asian 0 1 (4.2) 3 (12.5) 2 (8.3)

Middle Eastern 0 0 1 (4.2)
Ethnicity, n (%)

Not Hispanic or Latino 15 (62.5) 21 (87.5) 17 (70.8) 18 (75.0)
Age, years, mean (SD) 43.1 (9.0) 37.1 (11.2) 31.8 (9.6) 33.5(10.2)
Weight, kg, mean (SD) 82.2 (13.4) 82.1 (14.1) 75.2 (12.2) 80.1 (12.1)
BMI, kg/m?, mean (SD) 27.8 (3.1) 26.8 (3.1) 25.1 (3.2) 25.9 (3.6)

BMI, body mass index; SD, standard deviation.

Results
Pharmacokinetics
Atorvastatin. Twenty-four subjects enrolled in and

completed the atorvastatin study (Table 1). Mean ator-
vastatin AUC ., AUC,s, and Cpax Were 37%, 38%, and
3% higher following coadministration with isavucona-
zole vs atorvastatin alone, respectively (Tables 2 and 3;
see Figure 2 for concentration-time profile). Isavucona-
zole PK parameters were comparable in the presence
and absence of atorvastatin (Table 4).

Digoxin. Twenty-four subjects enrolled and 21
completed the digoxin study (Table 1). Mean
AUC., AUC, and Cpax of digoxin were 25%,
24%, and 33% higher in the presence vs absence
of isavuconazole, respectively (Tables 2 and 3; see
Figure 2 for concentration-time profile). Isavuconazole
PK were similar in the presence and absence of digoxin
(Table 4).

Metformin. Twenty-four subjects enrolled and 21
completed the metformin study (Table 1). One subject
was excluded from the PK analysis set because his con-
centrations on day 8 were all below the lower limit
of quantification (2 ng/mL for metformin; 100 ng/mL
for isavuconazole). Mean AUC., AUC,s, and Cpax
of metformin were 52%, 50%, and 23% higher in
the presence vs absence of isavuconazole, respectively
(Tables 2 and 3; see Figure 2 for concentration-time pro-
file). Isavuconazole PK was similar in the presence and
absence of digoxin (Table 4).

Methotrexate. Twenty-four subjects enrolled, and
23 completed the methotrexate study (Table 1).
Mean AUC., AUC, and Cpax of methotrexate
were 3%, 3%, and 11% lower when coadministered
with isavuconazole than during administration of
methotrexate alone, respectively. By contrast, mean

7-hydroxymethotrexate AUC., AUC, and Cpax
were 29%, 24%, and 15% higher during concomitant
administration with isavuconazole, respectively (Tables
2 and 3; see Figure 2 for concentration-time profile).
Isavuconazole PK parameters were unchanged in the
presence and absence of methotrexate (Table 4).

Safety

Among all of the studies, there were no serious TEAEs
and few discontinuations. Most TEAEs experienced by
subjects were mild in intensity.

In the atorvastatin study, the most common TEAEs
were vertigo (n = 3) and myositis (n = 2) (Supplemen-
tary Table S1). No subjects discontinued this study due
to TEAEs.

The most common TEAEs experienced in the
digoxin study were nervous system disorders including
headache (n = 4) and dizziness (n = 2) (Supplementary
Table S2). One TEAE of muscle spasm was moderate in
intensity and considered to be possibly related to isavu-
conazole treatment by the study investigator. One sub-
ject discontinued this study on day 1 due to use of a
prohibited concomitant medication, and 1 subject dis-
continued from the study due to a mild TEAE of in-
creased aspartate aminotransferase, which was not con-
sidered to be related to study-drug administration. One
additional subject was lost to follow-up.

The most common TEAESs experienced in the met-
formin study were gastrointestinal disorders including
diarrhea (n = 6) and nausea (n = 4) as well as nervous
system disorders including headache (n = 6) and dizzi-
ness (n = 5) (Supplementary Table S3). One TEAE of
diarrhea was moderate in intensity. Two subjects dis-
continued the study due to TEAEs: 1 on day 5 due
to a mild TEAE of intermittent vomiting, which was
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Table 3. Statistical Comparison of Log-Transformed Atorvastatin, Digoxin, Metformin, and Methotrexate PK Parameters

Geometric Least-Squares Mean Ratio, % (90% Confidence Interval)?

Parameter Atorvastatin Digoxin Metformin Methotrexate 7-Hydroxymethotrexate
AUC,, 137 (129, 145) 125 (117, 134) 152 (138, 168) 97 (90, 104.6) 129 (119, 141)
AUC, 138 (129, 149) 124 (116, 133) 150 (137, 165) 97 (90, 104.7) 124 (114, 135)
Crnax 103 (88, 121) 133 (119, 149) 123 (109, 140) 89 (83,97) 15 (104, 127)

AUC, area under the concentration-time curve; C,ax, maximum concentration.
2Results based on a mixed-effects model of natural log-transformed parameters, with treatment as a fixed effect and subject as a random effect.
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Table 4. Summary of Plasma PK Parameters of Isavuconazole

Atorvastatin Digoxin Metformin Methotrexate
Isavuconazole  Isavuconazole Isavuconazole Isavuconazole Isavuconazole Isavuconazole Isavuconazole  Isavuconazole

Alone + Atorvastatin Alone + Digoxin Alone + Metformin Alone + Methotrexate
Parameter? (n=24) (n=124) (n=21)P (n=21)® (n=20)° (n = 20)° (n=23)¢ (n=23)¢
AUC,, 77.3 (22.0) 81.2 (22.3) 101.8 (30.2) 101.1 (29.5) 105.7 (31.0) 111.7 (33.7) 99.4 (30.8) 102.7 (29.5)

h-pg/mL

Crnax, tg/mL 5.3 (1.2) 5.5(1.3) 6.1 (1.7) 6.2 (1.7) 7.1 (2.2) 7.2 (2.0) 6.2 (1.5) 6.4 (1.6)
tmax, hours 3.0 (1.5-4.0) 2.5 (1.5-4.0) 3.0 (2.0-4.1) 3.0 (2.0-5.0) 3.0 (1.5-4.0) 2.8 (2.0-40) 3.0 (2.0-4.0) 3.0 (2.0-4.0)

AUC, area under the plasma concentration-time curve; Cyax, maximum observed concentration; TEAE, treatment-emergent adverse event; tmax, time

to reach Cpax.

2Values are expressed as arithmetic mean (standard deviation), except tmax, Which is expressed as median (range).
bTwo subjects discontinued the study prior to day 18 due to TEAEs; | subject discontinued the study prior to day 18 due to prohibited use of a

concomitant medication.

“Two subjects discontinued due to a TEAE, and | subject withdrew consent prior to metformin and isavuconazole coadministration (day 8).

9One person withdrew consent during isavuconazole administration (day 6).

considered to be probably related to isavuconazole ad-
ministration, and 1 on day 3 due to a mild TEAE of
muscle spasms, which was considered to be possibly re-
lated to metformin administration. In addition, 1 sub-
ject withdrew from the study on day 4 for personal
reasons.

In the methotrexate study the most common TEAEs
were nervous system disorders including headache (n =
2) and gastrointestinal disorders including diarrhea
(n = 2) (Supplementary Table S4). One TEAE of a vi-
ral upper respiratory tract infection was moderate in
intensity. One subject withdrew from the study on day
6 for personal reasons.

Discussion

This report describes the clinical studies conducted to
evaluate potential interactions between isavuconazole
and the transporter substrates atorvastatin (OATP1B1
and P-gp substrate),'® digoxin (P-gp substrate),'* met-
formin (OCT1, OCT2, and MATE]1 substrate),"> and
methotrexate (BCRP, OAT1, and OAT3 substrate)'®!’
in healthy human subjects. Methotrexate exposure was
largely unaffected, but coadministration with isavu-
conazole resulted in approximately 37%, 25%, and 52%
increases in the exposure of atorvastatin, digoxin, and
metformin, respectively. These findings indicate that
isavuconazole is a weak inhibitor of P-gp as well as
OCTI1, OCT2, MATEI, or a combination thereof.
Given that atorvastatin is known to be a sen-
sitive substrate of OATPIBL,'”2 it was notable
that coadministration with isavuconazole only weakly
inhibited atorvastatin exposure. In addition, the PK
of the OATP1BI substrate repaglinide is unchanged in
the presence and absence of isavuconazole.!” Together,
these observations suggest that OATP1B1 is unaffected
by isavuconazole in vivo and that the small change
in atorvastatin exposure was likely due instead to in-
hibition of CYP3A4 by isavuconazole. Atorvastatin

is metabolized by CYP3A4,’! and isavuconazole is
known to be a moderate inhibitor of this isoenzyme.’
Moreover, coadministration of itraconazole (strong
CYP3A4 inhibitor) and atorvastatin also results in
increased (approximately 47%) exposure of atorvas-
tatin, and this effect is attributed to CYP3A4 in-
hibition by itraconazole.’> Due to the increased
exposure of atorvastatin observed in this study, mon-
itoring of patients for atorvastatin-related adverse re-
actions is recommended during coadministration with
isavuconazole.

The P-gp-mediated increase in plasma digoxin con-
centrations during coadministration with isavucona-
zole was markedly lower than that reported for
itraconazole (approximately 80%).>3 Posaconazole has
also been reported to increase plasma concentra-
tions of digoxin (see NOXAFIL" package insert), al-
though voriconazole does not appear to affect levels
of digoxin when these agents are given together.>* Po-
tential interactions between fluconazole and digoxin
have not been examined in vivo; however, in vitro stud-
ies indicate that fluconazole is not an inhibitor of
P-gp-mediated active transport.> As digoxin has a
narrow therapeutic profile, monitoring of digoxin
levels during coadministration with isavuconazole is
advised.”

Isavuconazole displayed weak inhibitory effects on
the OCT1, OCT2, and MATEI substrate, metformin;
however, the relative contributions of each transporter
to this finding were not examined further. Nonethe-
less, this interaction is not expected to cause any
major safety concerns or to disrupt the therapeutic
efficacy of metformin. Last, the results obtained in the
methotrexate study indicate that isavuconazole is not
an inhibitor of OATI and OATS3 in vivo. The results
of this study also indicate that isavuconazole is not an
inhibitor of BCRP in vivo, based on guidance by the
US Food and Drug Administration. However, it should
be noted that methotrexate is not listed as a sensitive
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substrate of BCRP by the European Medicines Agency,
and further testing of a potential interaction between
isavuconazole and a specific substrate of BCRP would
be beneficial. There are no published trials of met-
formin or methotrexate coadministration with other
currently approved triazole antifungals.

In summary, the results of the current series of
studies indicate that isavuconazole is a weak inhibitor
of P-gp and possibly a mild inhibitor of OCTI,
OCT2, MATEI, or a combination thereof. By contrast,
isavuconazole has no inhibitory potential for BCRP-,
OATPI1BI1-, OATI1-, or OAT3-mediated transport in
vivo. The PK of isavuconazole was unaffected by coad-
ministration with any of the transporters substrates
studied.
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