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Abstract

Isavuconazonium sulfate is the water-soluble prodrug of the novel, broad-spectrum, triazole antifungal agent isavucona-
zole. A size 0 elongated hard capsule containing 100 mg equivalent of isavuconazole is the currently marketed oral
formulation in countries where it is approved. An alternative oral formulation, based on a lower-strength and smaller-
size capsule, is required for pediatric and adolescent patients, as well as for some adult Japanese patients, especially those
with difficulties swallowing larger capsules.This study was conducted to evaluate the bioequivalence of a size 0 elongated
capsule containing 100 mg equivalent of isavuconazole and a size 3 capsule containing 40 mg equivalent of isavuconazole,
after administration of 200 mg equivalent of isavuconazole (5 size 3 capsules or 2 size 0 elongated capsules) under fasted
conditions. Bioequivalence of isavuconazole between the formulations was demonstrated, since point estimates (90%CI)
for the ratio of the size 0 elongated capsules vs the size 3 capsules for maximum plasma concentration and area under
the plasma concentration–time curve from time 0 to the last quantifiable concentration were within the acceptable range
of 0.8 to 1.25. It was confirmed that both formulations were well tolerated, and no new safety signals were observed in
healthy Japanese adult male subjects.
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Isavuconazonium sulfate (BAL8557) is a water-soluble
triazole antifungal agent that is rapidly hydrolyzed
by esterases to the active moiety, isavuconazole
(BAL4815).1 Isavuconazole inhibits lanosterol 14α-
demethylase, a microsomal cytochrome P450 (CYP)
enzyme essential for ergosterol biosynthesis in fungi.2

Isavuconazole has broad in vitro activity against a wide
range of fungi.3 The dosage regimen is 200 mg equiv-
alent of isavuconazole (corresponding to 372.6 mg of
isavuconazonium sulfate) every 8 hours for 6 doses
(48 hours), then once daily. With this dosage regimen,
isavuconazonium sulfate demonstrated comparable ef-
ficacy to voriconazole.3,4

Isavuconazole is metabolized mainly by CYP3A4
and CYP3A5, and further metabolized by uridine
diphosphate glucuronosyltransferase (UGT).5 Follow-
ing a single oral dose of cyano-14C-labeled isavu-
conazonium sulfate, ≈46.1% and 45.5% of the total
sample radioactivity were recovered in feces and urine,
respectively. Urinary recovery of unchanged isavucona-
zole was <1%.1,6

Since isavuconazole is a sensitive substrate of
CYP3A4, clinically significant impact on isavuonazole

pharmacokinetics (PK) by concomitant use of strong
CYP3A4 inhibitors or inducers have been reported.5,7

As a result, concomitant use of strong CYP3A4 in-
hibitors such as ketoconazole and high-dose ritonavir
as well as strong CYP3A4 inducers such as long-acting
barbiturates, St John’s wort, carbamazepine, and ri-
fampin is contraindicated.5,7,8

Isavuconazole is a moderate CYP3A4 inhibitor and
is reported to increase the systemic exposure of
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sensitive CYP3A4 substrates, such as midazo-
lam, sirolimus, tacrolimus, cyclosporine, and
atorvastatin.5,9,10 Additionally, isavuconazole is a
mild inhibitor of UGT, P-glycoprotein (P-gp), and or-
ganic cation transporter 2 (OCT2), and isavuconazole
has shown to increase the systemic exposure of UGT,
P-gp, and OCT2 substrate drugs, such as mycopheno-
late mofetil, digoxin, and metformin.9,10 No clinically
meaningful drug-drug interactions have been reported
for substrates of other CYP enzymes and another
transporter, breast cancer resistance protein.10–12

The impact on isavuconazole PK by patient factors,
such as age, sex, hepatic impairment, renal impairment,
and race, have also been investigated. Among the fac-
tors investigated, no PK differences have been found to
the extent of requiring dose adjustment.13–18

Two formulations, intravenous and oral, are avail-
able for isavuconazonium sulfate. The oral formu-
lation has a bioavailability of 98% and bioequiva-
lence (BE) was demonstrated between the 2 routes of
administration.19,20 Therefore, the formulations can be
switched without dose adjustment.20

Isavuconazonium sulfate has been used for the
treatment of invasive aspergillosis and invasive
mucormycosis in the United States and European
countries.21 Clinical development of isavuconazonium
sulfate for pediatric and adolescent patients is now
being conducted.22 Additionally, a phase 3 study of
isavuconazonium sulfate in Japanese patients has
been conducted to support its potential approval for
deep mycosis in Japan (ClinicalTrials.gov Identifier:
NCT03471988).

A size 0 elongated hard capsule containing 100 mg
equivalent of isavuconazole (corresponding to 186.3
mg of isavuconazonium sulfate) as an oral formulation
has been used for adult subjects and patients in clinical
trials of isavuconazonium sulfate, and it is the currently
marketed formulation in countries where it is approved.
A size 3 hard capsule containing 40 mg equivalent of
isavuconazole (corresponding to 74.5 mg of isavucona-
zonium sulfate), a lower-strength and smaller-size cap-
sule, has been investigated as a new oral formulation.
This lower strength and smaller size of capsule is ex-
pected to be more appropriate for pediatric and adoles-
cent patients and allows dose adjustment according to
body weight.

Furthermore, a smaller-size capsule may potentially
lead to better patient acceptance and higher compli-
ance, especially in pediatric and adolescent patients,
where a larger size of tablets and/or capsules may cause
difficulty swallowing. Difficulty swallowing can lead to
a variety of adverse events (eg, ulceration, stricture, per-
foration, pain, gagging, choking, and aspiration) and
patient noncompliance with treatment regimens.23–26

A size 3 capsule of isavuconazonium sulfatemay also
be suitable for many adult Japanese patients with deep
mycosis, especially those with dysphagia and other dif-
ficulties with swallowing larger capsules. Interviews of
Japanese health care professionals showed that a size
3 capsule is preferable to a size 0 elongated capsule in
Japanese clinical settings to avoid difficulty swallowing
and then to improve safety and compliance. For these
reasons, a size 3 hard capsule containing 40 mg equiv-
alent of isavuconazole (corresponding to 74.5 mg of
isavuconazonium sulfate) is being developed for poten-
tial use in Japan as an alternative oral formulation.

This phase 1 study was designed to assess the BE of
a single oral dose of 200 mg equivalent of isavucona-
zole (corresponding to 372.6 mg of isavuconazonium
sulfate) administered as 2 size 0 elongated capsules or 5
size 3 capsules in healthy Japanese adult male subjects.

Methods
Study Design
This study was conducted in accordance with the Inter-
national Conference on Harmonisation E6 Good Clin-
ical Practice. The study was performed at Clinical Re-
search Hospital Tokyo, and the study protocol was re-
viewed and approved by an institutional review board
(IHL Shinagawa East One Medical Clinic Institutional
Review Board, Tokyo, Japan). Written, informed con-
sent was obtained from each subject before any study-
related procedures were performed. This research was
compliant with the principles expressed in the Declara-
tion of Helsinki.

This was a single-center, randomized, open-label,
single-dose, 2-treatment and 2-period crossover phase
1 study in healthy Japanese male subjects. A total of 70
healthy Japanese male subjects were randomly assigned
to 2 groups of 35 subjects each. Subjects were adminis-
tered a single dose of 200 mg equivalent of isavucona-
zole (corresponding to 372.6 mg of isavuconazonium
sulfate) as 2 capsules of size 0 elongated capsules (for-
mulationA) or as 5 capsules of size 3 capsules (formula-
tion B) in a formulation A-B (group A) or B-A (group
B) sequence under the fasted condition with a 35-day
washout period between each treatment period.

Study Population
Healthy Japanese male volunteers aged 20 to 44 years
who were capable of sufficiently comprehending a de-
scription of the study and competent to give informed
consent were recruited.Healthy subjects were defined as
having no clinically relevant abnormalities as identified
by medical history, physical examination, vital signs,
12-lead electrocardiogram (ECG), and clinical labora-
tory tests. Key exclusion criteria included body weight
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<50.0 kg; body mass index <18.5 or >25.0 kg/m2; and
evidence of liver disease or liver injury as indicated by
abnormal liver test results, such as alanine aminotrans-
ferase, aspartate aminotransferase, or γ -glutamyl trans-
ferase levels exceeding the upper limits of normal. Sub-
jects with a history of short QT syndrome or Frideri-
cia corrected QT interval <360 milliseconds were also
excluded because dose-related shortening of the cor-
rected QT interval was reported, and isavuconazonium
sulfate is contraindicated in patients with familial short
QT syndrome.27

Bioanalytical Methods for PK Samples
Concentrations of isavuconazole in plasma were mea-
sured using a validated liquid chromatography coupled
with tandem mass spectrometry method.28 Isavucona-
zole levels were measured in all plasma samples taken
from subjects who received isavuconazonium sulfate.
The lower limit of quantification was 5 ng/mL.

Pharmacokinetic Assessments and Statistical
Analyses
Plasma samples for the measurement of isavuconazole
concentration were taken at the following time points:
before dosing; at 15 and 30 minutes; and 1, 1.5, 2, 2.5,
3, 3.5, 4, 4.5, 5, 6, 10, 24, 48, 72, 96, 120, 192, 288, 432,
and 624 hours after isavuconazonium sulfate adminis-
tration. After collection, samples were processed imme-
diately and stored at –80°C until shipment to the central
research laboratory.

PK parameters were calculated by noncompartmen-
tal analysis using WinNonlin Version 7.0 (Pharsight
Corporation, Saint Louis, Missouri). Calculations were
based on the actual sampling times recorded during
the study. The isavuconazole PK parameters, including
maximum plasma concentration (Cmax), area under the
plasma concentration–time curve (AUC) from time 0
to the last quantifiable concentration (AUClast), AUC
from time 0 to infinity (AUCinf ), time to Cmax, and ter-
minal elimination half-life, were determined. The PK
analysis set included all subjects who received at least 1
dose of isavuconazole and had the plasma concentra-
tion measurement results required for the PK analyses.

After logarithmic transformation, Cmax and AUClast

of treatment A or treatment B were analyzed separately
using mixed-effects model fitting for sequence, formu-
lation, and period as fixed effects and subject nested in
sequences as a random effect. Point estimates and asso-
ciated 90%CIs for the difference in means of the 2 treat-
ments were constructed. These estimated values were
exponentially back-transformed to provide point esti-
mates and associated 90%CIs for the geometric mean
ratio. The treatments were considered to be bioequiv-
alent if the 90%CIs of the geometric mean ratio were

within the acceptable range of 0.8 to 1.25. The analysis
set for BE analyses (BE analysis set) included all sub-
jects in the PK analysis set who had PK parameters for
both formulations.

The sample size was calculated on the basis of the
estimated intrasubject variability and the difference in
means of the 2 formulations. The intrasubject variabil-
ity was estimated as 19.4 from a previously conducted
PK study in healthy Chinese volunteers, and the differ-
ence in means of the 2 formulations was estimated as
1.15. A sample size of 68 subjects was estimated as able
to meet BE criteria with 80% power. A total of 70 sub-
jects were enrolled to ensure the completion of at least
68 subjects.

Safety Assessment
Safety assessments included physical examination, vi-
tal signs (blood pressure, heart rate, and axillary tem-
perature), 12-lead ECG, laboratory tests (hematology,
biochemistry, and urinalysis), and adverse events. The
safety analysis set included all subjects who received at
least 1 dose of isavuconazonium sulfate.

Results
Subject Disposition and Demographics
A total of 70 healthy Japanese male subjects were en-
rolled in the study. All 70 subjects received at least 1
dose of isavuconazonium sulfate, and 66 subjects com-
pleted the study. Three subjects, 2 subjects in group A
and 1 subject in group B, were withdrawn from the
study in period 1, and 1 subject in group B was with-
drawn from the study in period 2. A total of 68 subjects
received the size 0 elongated capsules, and 69 subjects
received the size 3 capsules.

A total of 68 subjects and 69 subjects were included
in the PK analysis set for the size 0 elongated capsules
and the size 3 capsules, respectively. A total of 66 sub-
jects were included in the BE analysis set.

Demographics and baseline characteristics of the BE
analysis set are summarized in Table 1. No appreciable
differences in any baseline characteristics were observed
between the groups.

Pharmacokinetics
The mean (± standard deviation) plasma
concentration–time profiles of isavuconazole after
administration of 200 mg equivalent of isavuconazole
(corresponding to 372.6 mg of isavuconazonium sul-
fate) as 2 capsules of the size 0 elongated capsules or
as 5 capsules of the size 3 capsules are presented in
Figure 1. The plasma concentration–time profiles of
isavuconazole of the 2 formulations were similar.

PK parameters of isavuconazole after each treat-
ment are presented in Table 2. Similar values were seen
in the PK parameters between the formulations. The
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Table 1. Summary of Demographic Characteristics

N Age, y Height, cm Weight, kg BMI, kg/m2

Group A 33 29.8 ± 7.1 169.6 ± 6.7 62.1 ± 7.6 21.6 ± 2.0
Group B 33 28.0 ± 7.3 171.0 ± 4.7 61.9 ± 5.7 21.1 ± 1.5

Values are presented as arithmetic means ± standard deviation.
Group A: size 0 elongated capsule–size 3 capsule sequence.
Group B: size 3 capsule sequence–size 0 elongated capsule.

Table 2. Summary of Pharmacokinetic Parameters and Mean Difference of Size 0 Elongated Capsule or Size 3 Capsule After a Single
Oral Administration of 200 mg Equivalent of Isavuconazole

Size 0 Elongated
Capsule Size 3 Capsule Ratioa 90%CI

N 66 66
Cmax, ng/mL 3296 ± 614 3277 ± 576 0.996 0.953-1.040
AUClast, ng × h/mL 112229 ± 30289 117913 ± 33142 1.047 1.015-1.080
AUCinf, ng × h/mL 113607 ± 30728 120143 ± 33274 1.054 1.024-1.085
t1/2, h 69.4 ± 28.7 69.5 ± 27.8 NC NC

AUCinf, area under the plasma concentration–time curve from time 0 to infinity; AUClast, area under the plasma concentration–time curve from time
0 to the last quantifiable concentration; Cmax, maximum plasma concentration; NC, not calculated; t1/2, terminal elimination half-life.
Pharmacokinetic parameters are summarized for the analysis set for bioequivalence analyses.
Values are presented as arithmetic means ± standard deviation.
a
Ratio: Geometric mean ratio of size 0 elongated capsule/size 3 capsule.

90%CIs for Cmax and AUClast were within the accept-
able range (0.8-1.25).

Safety
There were no serious adverse events or severe
treatment-emergent adverse events (TEAEs). One sub-
ject was withdrawn from the study due to TEAEs after
administration of the size 3 capsules. The TEAEs were
headache, nausea, and vomiting, which were assessed
as drug-related TEAEs. The headache was mild, and
nausea and vomiting were moderate in severity. These
TEAEs resolved without concomitant treatment.

TEAEs were reported in 16 of 68 subjects after ad-
ministration of the size 0 elongated capsules and 24 of
69 subjects after administration of the size 3 capsules.
Drug-related TEAEs were reported in 3 subjects af-
ter administration of the size 0 elongated capsules and
2 subjects after administration of the size 3 capsules.
All TEAEs were mild or moderate in severity. There
were no clinically significant findings in vital signs, body
weight, and 12-lead ECG.

Discussion
This phase 1 study was conducted to assess the BE
of a single oral dose of 200 mg equivalent of isavu-
conazole (corresponding to 372.6 mg of isavuconazo-
nium sulfate) administered as size 0 elongated capsules
and size 3 capsules in healthy Japanese adult male sub-
jects. A new formulation, based on a lower-strength and

smaller-size capsule product, has been developed with
the aim of more flexibility for dose adjustment accord-
ing to body weight and of improvement in safety and
compliance in pediatric and adolescent patients. This
new, smaller capsule also has a high likelihood of con-
tributing to safety and compliance in many Japanese
patients with deep mycosis, especially those with dys-
phagia and other difficulties with swallowing larger
capsules.

The plasma concentration–time profile and PK pa-
rameters were similar for the treatments. The mean
pharmacokinetic parameters in the present study were
similar to the ones previously reported in healthy
adult Japanese subjects after single oral administra-
tion of 200 mg equivalent of isavuconazole (Cmax,
2933 ng/mL; AUClast, 107 802 ng × h/mL; AUCinf ,
110 737 ng × h/mL).29 For the ratio of the size 0
elongated capsules versus size 3 capsules, the 90%CIs
for Cmax and AUClast were within the acceptable
range of 0.8 to 1.25. Therefore, BE was demon-
strated between 200 mg equivalent of isavuconazole
administered as size 0 elongated capsules and size 3
capsules.

It was confirmed that a single oral dose of 200 mg
equivalent of isavuconazole administered as size 0 elon-
gated capsules and size 3 capsules was well tolerated,
and no new safety signals were observed in healthy
Japanese adult male subjects.

Overall, this study demonstrated that size 3
capsules of isavuconazonium sulfate are safe and
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Figure 1. Mean and standard deviation of the plasma isavuconazole concentration–time profile after single administration of 200 mg
equivalent of isavuconazole by size 0 elongated capsule or size 3 capsule. (a, b): mean plasma concentration–time profile after single
oral administration of isavuconazonium sulfate at 24 hours (a) and up to 480 hours (b).

bioequivalent with size 0 elongated capsules when
administering 200 mg equivalent of isavuconazole. The
lower-strength and smaller size 3 capsules are thought
to be more appropriate for pediatric and adolescent
patients in terms of flexible dose adjustment by body
weight, adverse events, and compliance due to difficulty
swallowing compared to the size 0 capsule. Although
the efficacy and safety of isavuconazonium sulfate
need to be confirmed in clinical studies in pediatric
and adolescent patients, providing the option of the

size 3 capsules may provide a new and better treatment
option for patients in this subgroup with deep mycosis.

This smaller-size capsule also likely reduces the oc-
currence of adverse events associated with swallowing
difficulties and compliance in many Japanese patients
with deep mycosis, especially those with dysphagia and
other difficulties with swallowing larger capsules. Fur-
thermore, to avoid difficulty swallowing and then to im-
prove safety and compliance, a size 3 capsule is prefer-
able to a size 0 elongated capsule in Japanese clinical
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settings based on our interviews of Japanese health care
professionals. Therefore, providing the option of the
size 3 capsule should help achieve the proper oral ad-
ministration of isavuconazonium sulfate in Japan.

Conclusion
BEwas demonstrated between size 0 elongated and size
3 capsules of isavuconazonium sulfate when adminis-
tering 200mg equivalent of isavuconazole (correspond-
ing to 372.6 mg of isavuconazonium sulfate). It was
confirmed that a single oral dose of 200 mg equivalent
of isavuconazole administered as size 0 elongated cap-
sules and size 3 capsules was well tolerated, and no new
safety signals were observed in healthy Japanese adult
male subjects.
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