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Objectives: Isavuconazole is a convenient triazole antifungal agent with a broad antifungal spectrum. A ran
domized, open-label study (ClinicalTrials.gov, NCT03471988) was conducted to evaluate the efficacy and safety
of isavuconazole in Japanese patients with deep-seated mycoses.
Patients and methods: In Cohort A, patients with aspergillosis (chronic pulmonary aspergillosis and invasive
aspergillosis) were randomized in a 2:1 ratio to isavuconazole or voriconazole, and in Cohort B, patients with
cryptococcosis and mucormycosis were assigned to isavuconazole for up to 84 days of treatment. The overall
outcome was evaluated according to the clinical, radiological, and mycological responses at Days 42 and 84 and
at the end of treatment (EOT).
Results: A total of 103 participants were enrolled and received the study drug. The overall response rate of pa
tients with chronic pulmonary aspergillosis in the isavuconazole (52 patients) and voriconazole (27 patients)
groups was 82.7% and 77.8% at EOT, respectively. The response rate in patients with cryptococcosis (10 pa
tients, isavuconazole group only) was 90.0%. One of three participants with invasive aspergillosis and one of
three participants with mucormycosis responded in the isavuconazole group. In the safety evaluation, the
incidence of adverse events in participants with chronic pulmonary aspergillosis was similar in both groups.
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Adverse drug reactions were reported in 32 (61.5%) patients receiving isavuconazole and 23 (85.2%) patients
receiving voriconazole.
Conclusions: Isavuconazole showed efficacy and safety in Japanese patients with chronic pulmonary aspergillosis
and cryptococcosis, for which the drug is not currently indicated.

tuberculosis in Japan [16]. This is the first prospective, large-scale trial
demonstrating the effect of isavuconazole in patients with CPA. Patients
with cryptococcosis, IA, and mucormycosis were also enrolled, though
in small numbers, and the results are presented together in this report.

Abbreviations
CPA
chronic pulmonary aspergillosis
DRC
Data Review Committee
EMA
European Medicines Agency
EORTC/MSG European Organization for Research and
Treatment of Cancer/Mycoses Study Group
EOT
end of treatment
FDA
Food and Drug Administration
IA
invasive aspergillosis
ITT
intention-to-treat
MIC
minimum inhibitory concentration
mITT
modified intention-to-treat
SOC
system organ class
TDM
therapeutic drug monitoring
TEAE
treatment-emergent adverse event

2. Patients and methods
2.1. Study design and participants
This was a randomized, multi-center, open-label study (ClinicalT
rials.gov registration number NCT03471988) in Japanese patients
with deep-seated mycoses conducted from April 2018 to April 2021 at
39 sites in Japan.
Participants with aspergillosis were assigned to Cohort A, and par
ticipants with cryptococcosis or mucormycosis were assigned to Cohort
B. For Cohort A, voriconazole was established as an active comparator.
In Cohort B, no comparator was used due to limited sample sizes, and all
participants were administered isavuconazole.
The inclusion criteria required participants to be Japanese men or
women at least 20 years old and met the diagnostic criteria for CPA, IA,
cryptococcosis, or mucormycosis. The diagnostic criteria for CPA were
established in reference to the Japanese Guidelines for the Diagnosis and
Management of Deep-seated Mycoses (hereafter called “the Japanese
Guidelines”) [17,18], and participants who met the criteria for proven or
probable were eligible. For other mycoses, the criteria of the European
Organization for Research and Treatment of Cancer/Mycoses Study
Group (EORTC/MSG) were used [19], and participants who met the
criteria for proven, probable, or possible for IA, proven or probable for
cryptococcosis, and proven for mucormycosis were eligible. Participants
enrolled with possible IA that did not meet the criteria for proven or
probable within 7 days of the start of treatment were discontinued from
treatment. Such participants who met the criteria for proven mucor
mycosis based on tests within 7 days of the start of treatment were
switched to Cohort B. The main exclusion criteria were hepatic
dysfunction (i.e., total bilirubin ≥3 times the upper limit of normal,
alanine transaminase or aspartate transaminase ≥5 times the upper limit
of normal, hepatic cirrhosis, or chronic hepatic failure) or moderate to
severe renal impairment.
The study was conducted in compliance with the Declaration of
Helsinki and Good Clinical Practice. The study was approved in advance
by the institutional review board of each study site. All participants gave
their written, informed consent before starting the study.

1. Introduction
Invasive deep-seated mycoses are often problematic due to their
rapid progression and fatal outcomes. Chronic mycoses, which progress
gradually with a course of repeated remission and recurrence, are also
associated with poor outcomes [1]. Voriconazole, which is one of the
first-line treatments for aspergillosis, is associated with numerous
adverse drug reactions, including liver and eye disorders. In addition,
plasma levels of voriconazole can fluctuate markedly due to factors
including a non-linear pharmacokinetic profile, CYP2C19 poly
morphism [2,3], and drug interactions. Because of these issues, thera
peutic drug monitoring (TDM) is recommended [4]. Moreover, the
β-cyclodextrin present in the injectable formulation restricts their use in
patients with renal impairment.
Isavuconazole is a triazole antifungal agent with a broad antifungal
spectrum [5]. Isavuconazole is available as injectable and oral formu
lations (with 98% oral bioavailability) [6], both of which have generally
linear pharmacokinetics. Since CYP2C9, CYP2C19, CYP2D6, and glu
curonosyltransferases, polymorphisms of which affect pharmacokinetics
[7,8], are not involved in the metabolism of isavuconazole, no evidence
seems to suggest that TDM is required. The injectable formulation lacks
β-cyclodextrin and can therefore be administered to patients with renal
impairment without dose adjustment [9]. In pivotal phase III studies
(SECURE and VITAL studies) [10,11], isavuconazole was shown to be
effective against invasive aspergillosis (IA) and mucormycosis, which
supported Food and Drug Administration (FDA) and European Medi
cines Agency (EMA) marketing authorizations. The European Confer
ence on Infections in Leukaemia and European Confederation of Medical
Mycology guidelines recommend isavuconazole for use as first-line
treatment for IA and primary treatment for mucormycosis [12–14].
Furthermore, the VITAL study suggested that isavuconazole is effective
in cryptococcosis [15], but the drug does not have an FDA or EMA
indication for this.
Since there is no evidence to support the use of isavuconazole in
Japan, a phase 3 clinical study was conducted to evaluate the efficacy
and safety of isavuconazole in Japanese patients with deep-seated my
coses. Patients with chronic pulmonary aspergillosis (CPA) were mainly
enrolled in the study because of the relatively high prevalence of

2.2. Procedures
Based on a participant recruitment survey of clinical studies of
antifungal agents conducted in Japan, target sample sizes of 90 patients
with aspergillosis in Cohort A and 10 patients with cryptococcosis and 3
patients with mucormycosis in Cohort B were selected. Participants in
Cohort A were randomized using a third-party Interactive Web Response
System to assign them to receive isavuconazole or voriconazole in a 2:1
allocation. Randomization was performed using a block size of six and
three and was stratified by disease name (CPA, IA) and weight (≤40 kg,
> 40 kg). All participants in Cohort B were assigned to the isavuconazole
group.
Participants assigned to isavuconazole received, intravenously or
orally, 6 loading doses of 200 mg of isavuconazole once every about 8 h
and then, 12–24 h after the last loading dose, 200 mg of isavuconazole
once a day as maintenance doses. For voriconazole, participants
received 2 loading doses of 6 mg/kg (intravenously) or 300 mg (orally)
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of voriconazole once every about 12 h and then, 12–24 h after the last
loading dose, 4 mg/kg (intravenously) or 200 mg (orally) of vor
iconazole 2 times a day as maintenance doses. Voriconazole dosages
were adjusted according to the package inserts, with TDM performed
during the treatment period as necessary. Switching from intravenous to
oral administration was allowed, but not vice versa. The maximum
treatment period was 84 days.
Clinical symptoms were assessed at screening, Days 3, 7, 14, 28, 42,
63, and 84 of treatment, and the end of treatment (EOT), and radio
logical examinations (CT or MRI), mycological tests (culture, cytology,
or histological tests), and serological tests (galactomannan antigen, β-Dglucan, Aspergillus antibody, glucuronoxylomannan antigen) were per
formed at screening, Days 42 and 84 of treatment, and at EOT. The fungi
isolated and identified at the study sites before and after the start of
treatment were re-identified by morphological and biochemical char
acterization test or genetic analysis [20] at a central laboratory, where
sensitivity to different antifungal agents was determined using broth
microdilution according to standardized Clinical and Laboratory Stan
dards Institute procedures [21,22].
A Data Review Committee (DRC) consisting of infectious disease
experts was established for the study. The DRC was independent of the
sponsor and investigators. It evaluated diagnostic classifications on
enrollment and clinical responses, radiological responses, mycological
responses, overall responses, and causes of death on Days 42 and 84 and
at EOT. The DRC was blinded to treatment assignment and performed
these evaluations for Cohort A, which had a control.

endpoint was the proportion of participants with at least one TEAE
(safety). Efficacy was the secondary endpoint, including overall, clinical,
radiological, and mycological responses in the mITT set. For overall
response, the crude success rate and 95% confidence interval at the
evaluation points (Days 42 and 84 and EOT) were calculated individu
ally for each diagnosis name and each treatment group. When data were
missing at an evaluation point, the assessment for that point was
considered to be “failure.”
3. Results
3.1. Subjects
Participants were recruited at 39 sites in Japan from April 2018 to
January 2021. A total of 103 participants were enrolled in the study and
received the study drug (ITT set). Of these participants, 90 were in
Cohort A (60 in the isavuconazole group and 30 in the voriconazole
group), and 13 were in Cohort B. One patient in the isavuconazole group
who was enrolled with CPA was subsequently confirmed to have
mucormycosis on testing performed within 7 days of the start of treat
ment and therefore switched to Cohort B. Seven participants found by
the DRC not to meet the diagnostic criteria for deep-seated mycosis were
treated as having no deep-seated mycosis and excluded from the mITT
set (Fig. 1).
In the ITT set, the median duration of treatment for CPA was 84.0
days in the isavuconazole group (52 participants) and 85.0 days in the
voriconazole group (27 participants). The percentages of participants
completing study treatment in the isavuconazole and voriconazole
groups were 82.7% (43/52) and 85.2% (23/27). AEs were the most
common reason for discontinuation in each group. The median duration
of treatment for cryptococcosis (10 participants in the isavuconazole
group only) was 84.5 days.
The demographic characteristics and underlying diseases and con
ditions at baseline of the ITT set are shown in Table 1. The character
istics of the participants with CPA in the isavuconazole and voriconazole
groups were generally balanced.

2.3. Outcomes
The study endpoints were similar to endpoints used in phase III
studies of isavuconazole (SECURE and VITAL studies) [10,11,15].
Diagnostic classification and efficacy evaluation were performed by
the blinded DRC. The efficacy endpoint was the DRC-assessed crude
treatment success rate (overall response success rate on Days 42 and 84
and at EOT), which was classified as “success” or “failure”. The overall
response was determined by the clinical, radiological, and mycological
responses. For CPA and cryptococcosis, clinical and radiological re
sponses were assessed on a 4-grade scale (improved, stable, progression,
unevaluable). The overall response was assessed as “improved”, and
treatment was considered to be a “success” if no assessment of pro
gression or unevaluable was made in the clinical and radiological re
sponses, and improvement was seen in one or both. For IA and
mucormycosis, the overall response was assessed as “complete” or
“partial”, and treatment was considered to be a “success” if all or some
clinical symptoms and physical findings resolved, and there was reso
lution or apparent improvement in lesions on imaging. The response
assessment criteria were established in reference to the EORTC/MSG
[23] and Japanese Guidelines [17,18]. The efficacy analysis sets were
the intention-to-treat (ITT) set, consisting of all participants assigned to
treatment who received the study drug at least once, and the modified
ITT (mITT) set, consisting of the ITT set participants with a proven or
probable deep-seated mycosis as assessed by the DRC.
Treatment-emergent adverse events (TEAEs) were defined as adverse
events reported from the start of study treatment to 28 days after EOT.
The safety endpoint was the proportion of participants with at least one
TEAE, and the investigators also evaluated laboratory test values, vital
signs, and 12-lead electrocardiography. The investigators assessed
causal relationships between AEs and the study drugs on a 2-grade scale
of related and unrelated. AEs classified as related were considered to be
adverse drug reactions. The safety analysis set consisted of all partici
pants assigned to treatment who received the study drug at least once.

3.2. Efficacy
The DRC-evaluated overall response success rates of CPA partici
pants in the mITT set in the isavuconazole and voriconazole groups were
78.8% (41/52) and 63.0% (17/27) on Day 42, 84.6% (44/52) and
74.1% (20/27) on Day 84, and 82.7% (43/52) and 77.8% (21/27) at
EOT, respectively (Table 2). The number of patients with proven and
probable CPA was 23 and 29 in the isavuconazole group and 13 and 14
in the voriconazole group, respectively. At any evaluation point,
response rates by diagnostic criteria were similar in both groups. The
clinical, radiological, and mycological response rates in the isavucona
zole group were comparable to or superior to those in the voriconazole
group.
All 10 cryptococcosis patients were diagnosed with pulmonary
cryptococcosis, and none had disseminated cryptococcosis or crypto
coccal encephalomeningitis. The DRC-assessed overall response success
rate was 90.0% (9/10) at each evaluation point. One of three partici
pants with IA and one of three participants with mucormycosis
responded in the isavuconazole group (Supplementary Table 1).
3.3. Safety
The proportions of participants with CPA who had at least one TEAE
or TEAEs resulting in discontinuation of study treatment were compa
rable between both groups. The incidence of adverse drug reactions was
numerically lower in the isavuconazole group, at 61.5% (32/52), than in
the voriconazole group, at 85.2% (23/27). Although the incidence of
serious AEs was higher in the isavuconazole group than in the vor
iconazole group, most individual serious AEs occurred in only one

2.4. Statistical analyses
In this study, no statistical hypothesis testing was performed, with
the data evaluated by calculating descriptive statistics. The primary
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Fig. 1. Enrollment and study flow
ISCZ: isavuconazole; VRCZ: voriconazole; ITT:
intention-to-treat; mITT: modified intention-to-treat;
CPA: chronic pulmonary aspergillosis; IA: invasive
aspergillosis.
† Excluding subjects migrated from Cohort A to
Cohort B.
‡ Including subjects migrated from Cohort A to
Cohort B.
* Of the three IA patients treated with isavuconazole,
two had pulmonary and one had sinus disease.
Aspergillus fumigatus was isolated in one, but the
pathogen was not isolated in the other two, who were
diagnosed as probable.
** All 10 patients with cryptococcosis had pulmonary
lesions.
*** One of each of the three patients with mucor
mycosis had pulmonary, sinus, or thoracic abscess
involvement. Cunninghamella bertholletiae was iso
lated in two of the three patients, and the remaining
patient was diagnosed with mucormycosis by
histopathology.

participant. The overview of TEAEs in the participants with cryptococ
cosis did not show any trend of being significantly different from that in
the isavuconazole group of participants with CPA (Table 3).
AEs resulting in death were observed only in the isavuconazole
group, but most were related to co-occurring or progressive infections or
underlying respiratory diseases, and all deaths occurred by Day 42.
Therefore, for all but one of these events, a causal relationship with the
study drug was ruled out. The AE “death” was a sudden death, and no
reasonable cause of death could be determined because no autopsy was
performed. The investigator assessed that a causal relationship with
isavuconazole could not be completely ruled out.
The numbers of participants with an adverse drug reaction having an
incidence of at least 5% in either group are shown in Table 4. In
particular, incidences in the system organ classes (SOCs) eye disorders
and hepatobiliary disorders were lower in the isavuconazole group than
in the voriconazole group. No specific events tended to occur more
frequently in the isavuconazole group in any of the other diseases.

4. Discussion
This is the first large-scale, prospective trial to demonstrate the effect
of isavuconazole in CPA patients, and its effect was compared with that
of voriconazole, which is one of the first-line treatments for aspergillosis
[13,17,18], in Japanese patients. The DRC-evaluated overall response
success rate of participants with CPA was consistently higher in the
isavuconazole group than in the voriconazole group at all evaluation
points, beginning early in the treatment stage. As in the SECURE study
[10], the present study showed that isavuconazole was generally safe
and well tolerated in participants with CPA. In particular, the lower
incidence of adverse drug reactions in the SOCs hepatobiliary disorders
and eye disorders, which are concerns with voriconazole treatment, in
the isavuconazole group compared with the voriconazole group was
similar to the trends seen in the SECURE study. Furthermore, isavuco
nazole is more convenient, with fewer treatment restrictions than vor
iconazole. Isavuconazole therefore shows promise as a new first-line
treatment for CPA.
The 10 participants with pulmonary cryptococcosis in this study
received isavuconazole. The DRC-evaluated overall response success
rate (90.0%, 9/10) was similar to the success rate in the 6 participants
with pulmonary cryptococcosis (83.3%, 5/6) among the 9 participants
with cryptococcosis in the VITAL study [15]. The VITAL study also had a
success rate of 80.0% (4/5) in the participants with cryptococcal ence
phalomeningitis. (Three of these participants had both pulmonary and
encephalomeningeal lesions.) These efficacy findings are similar to
those of fluconazole for pulmonary cryptococcosis and amphotericin B
for cryptococcal encephalomeningitis [24,25], and, therefore, isavuco
nazole may be a useful new treatment option for cryptococcosis.

3.4. Antifungal susceptibility
The isavuconazole minimum inhibitory concentration (MIC) ranges
for the Aspergillus strains isolated from CPA cases in the study (70
strains) were similar to those of voriconazole. All Cryptococcus strains
isolated (5 strains) were Cryptococcus neoformans, and the isavuconazole
MIC range tended to be comparable to or lower than the ranges of other
antifungal agents (Table 5).
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Table 1
Baseline characteristics of the subjects in the ITT set.
Characteristic

Chronic pulmonary aspergillosis

Cohort A

ISCZ (N = 52)

ISCZ (N = 60)

VRCZ (N = 30)

ISCZ (N = 73)

65.9 (35–86)
68.0
24 (40.0%)
24 (40.0%)
12 (20.0%)

68.3 (41–88)
69.0
12 (40.0%)
9 (30.0%)
9 (30.0%)

66.4 (24–87)
68.0
26 (35.6%)
29 (39.7%)
18 (24.7%)

52 (86.7%)

26 (86.7%)

59 (80.8%)

52.82 (31.0–81.4)
51.65
10 (16.7%)
16 (26.7%)
34 (56.7%)

51.68 (31.4–80.3)
50.70
5 (16.7%)
7 (23.3%)
18 (60.0%)

53.65 (31.0–81.4)
52.70
13 (17.8%)
19 (26.0%)
41 (56.2%)

19.29 (12.9–25.4)
19.25

18.85 (13.0–26.4)
18.06

19.90 (12.9–33.7)
19.92

6 (10.0%)
54 (90.0%)

8 (26.7%)
22 (73.3%)

8 (11.0%)
65 (89.0%)

18 (30.0%)
17 (28.3%)
15 (25.0%)
11 (18.3%)
11 (18.3%)
11 (18.3%)

9 (30.0%)
8 (26.7%)
12 (40.0%)
4 (13.3%)
5 (16.7%)
4 (13.3%)

19 (26.0%)
18 (24.7%)
15 (20.5%)
12 (16.4%)
11 (15.1%)
11 (15.1%)

VRCZ (N = 27)

Age (y)
Mean (range)
66.0 (35–86)
68.1 (41–88)
Median
68.0
69.0
≤65
20 (38.5%)
10 (37.0%)
>65 to ≤75
23 (44.2%)
9 (33.3%)
>75
9 (17.3%)
8 (29.6%)
Sex
Male
46 (88.5%)
23 (85.2%)
Weight (kg)
Mean (range)
53.28 (31.0–81.4)
50.38 (31.4–71.7)
Median
52.90
50.30
<40
8 (15.4%)
5 (18.5%)
≥40 to < 50
13 (25.0%)
7 (25.9%)
≥50
31 (59.6%)
15 (55.6%)
2
BMI (kg/m )
Mean (range)
19.28 (12.9–25.4)
18.52 (13.0–26.4)
Median
19.34
17.99
eGFR category (mL/min/1.73 m2)
<60
6 (11.5%)
7 (25.9%)
≥60
46 (88.5%)
20 (74.1%)
Primary underlying disease and condition (>10% in one or more treatment groups)
Pulmonary cavitation
17 (32.7%)
9 (33.3%)
COPD
16 (30.8%)
7 (25.9%)
History of pulmonary tuberculosis
14 (26.9%)
12 (44.4%)
After thoracic operation
11 (21.2%)
4 (14.8%)
Bronchiectasis
9 (17.3%)
5 (18.5%)
Interstitial lung disease
9 (17.3%)
3 (11.1%)

Cohort A/B combined

Data are n/N (%) values, unless otherwise indicated. Diagnosis was based on assessment by the DRC. Participants with chronic pulmonary aspergillosis or invasive
aspergillosis were assigned to Cohort A, and participants with cryptococcosis or mucormycosis were assigned to Cohort B.
BMI: body mass index; COPD: chronic obstructive pulmonary disease; eGFR: estimated glomerular filtration rate; ITT: intention-to-treat; ISCZ: isavuconazole; VRCZ:
voriconazole.
Table 2
DRC-assessed response in chronic pulmonary aspergillosis (mITT set).
Day 42

Day 84

EOT

ISCZ

VRCZ

ISCZ

VRCZ

ISCZ

VRCZ

(N = 52)

(N = 27)

(N = 52)

(N = 27)

(N = 52)

(N = 27)

Overall response
Success
95% CI (%) of Success
Improved
Failure
Stable
Progression
Unevaluable

41 (78.8)
(65.3–88.9)
41 (78.8)
11 (21.2)
1 (1.9)
5 (9.6)
5 (9.6)

17 (63.0)
(42.4–80.6)
17 (63.0)
10 (37.0)
3 (11.1)
4 (14.8)
3 (11.1)

44 (84.6)
(71.9–93.1)
44 (84.6)
8 (15.4)
1 (1.9)
2 (3.8)
5 (9.6)

20 (74.1)
(53.7–88.9)
20 (74.1)
7 (25.9)
2 (7.4)
2 (7.4)
3 (11.1)

43 (82.7)
(69.7–91.8)
43 (82.7)
9 (17.3)
3 (5.8)
2 (3.8)
4 (7.7)

21 (77.8)
(57.7–91.4)
21 (77.8)
6 (22.2)
3 (11.1)
2 (7.4)
1 (3.7)

Clinical response
Success
95% CI (%) of Success

36 (69.2)
(54.9–81.3)

15 (55.6)
(35.3–74.5)

38 (73.1)
(59.0–84.4)

17 (63.0)
(42.4–80.6)

37 (71.2)
(56.9–82.9)

18 (66.7)
(46.0–83.5)

Radiological response
Success
95% CI (%) of Success

42 (80.8)
(67.5–90.4)

17 (63.0)
(42.4–80.6)

42 (80.8)
(67.5–90.4)

19 (70.4)
(49.8–86.2)

41 (78.8)
(65.3–88.9)

20 (74.1)
(53.7–88.9)

Mycological response
Success
95% CI (%) of Success

9 (17.3)
(8.2–30.3)

8 (30.8)
(14.3–51.8)

14 (26.9)
(15.6–41.0)

8 (30.8)
(14.3–51.8)

14 (26.9)
(15.6–41.0)

9 (34.6)
(17.2–55.7)

Data are n (%) values, unless otherwise indicated. Diagnosis was based on assessment by the DRC. The mITT set was the ITT set participants with a proven or probable
deep-seated mycosis.
DRC: Data Review Committee; mITT: modified intention-to-treat; EOT: end of treatment; ISCZ: isavuconazole; VRCZ: voriconazole; CI: confidence interval.The 95% CI
for the treatment group was based on a binomial distribution.

Although the conclusions are speculative because there were only 3
participants each with IA and mucormycosis in the present study, the
success rates for isavuconazole in these populations were each 33.3%,
which is similar to the rates in the SECURE and VITAL studies [10,11],
with success rates of 35.0% (50/143) and 31.4% (11/35), respectively.

IA and mucormycosis are serious, life-threatening diseases. Differenti
ating mucormycosis from aspergillosis rapidly is difficult and poses a
therapeutic challenge [14], hence new therapeutic options indicated for
both diseases are desired. Isavuconazole is available as intravenous and
oral formulations that can be selected according to the patient’s
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Table 3
Overview of treatment-emergent adverse events (safety analysis set).

Treatment-emergent adverse events (TEAEs)
Study drug-related TEAEs
Serious TEAEsa
Serious drug-related TEAEs
TEAEs leading to discontinuation of study drug
Study drug-related TEAEs leading to discontinuation of study
drug
TEAEs leading to death
Pneumonitis
Sinusitis/Basal ganglia infarction
Idiopathic pneumonia syndrome
Acute myocardial infarction/Aspiration pneumonia
Death
Pneumococcal infection
Study drug-related TEAEs leading to death
Death

Chronic pulmonary
aspergillosis

Cryptococcosis

Invasive aspergillosis

Mucormycosis

No deep-seated
mycosis

ISCZ

VRCZ

ISCZ

ISCZ

VRCZ

ISCZ

ISCZ

VRCZ

(N = 52)

(N = 27)

(N = 10)

(N = 3)

(N = 1)

(N = 3)

(N = 5)

(N = 2)

47 (90.4)
32 (61.5)
9 (17.3)
4 (7.7)
8 (15.4)
7 (13.5)

25 (92.6)
23 (85.2)
3 (11.1)
1 (3.7)
4 (14.8)
4 (14.8)

9 (90.0)
6 (60.0)
2 (20.0)
0
1 (10.0)
1 (10.0)

3 (100.0)
2 (66.7)
2 (66.7)
0
1 (33.3)
1 (33.3)

1 (100.0)
1 (100.0)
0
0
0
0

3 (100.0)
2 (66.7)
2 (66.7)
1 (33.3)
0
0

5 (100.0)
2 (40.0)
2 (40.0)
0
1 (20.0)
0

2 (100.0)
0
0
0
0
0

1 (1.9)
1 (1.9)
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0

2 (66.7)
0
1 (33.3)
1 (33.3)
0
0
0
0
0

0
0
0
0
0
0
0
0
0

2 (66.7)
0
0
0
1 (33.3)
1 (33.3)
0
1 (33.3)
1 (33.3)

1 (20.0)
0
0
0
0
0
1 (20.0)
0
0

0
0
0
0
0
0
0
0
0

Data are n (%) values. Diagnosis was based on assessment by the DRC. Coded in MedDRA version 23.1. TEAEs leading to death (preferred terms) are listed.
ISCZ: isavuconazole; VRCZ: voriconazole; DRC: Data Review Committee.
a
All individual serious TEAEs occurred in only one participant, except for infectious pleural effusion (unrelated) in the isavuconazole group (2 participants) in
patients with chronic pulmonary aspergillosis.

why the incidence of AEs resulting in death was higher in the isavuco
nazole group than in the voriconazole group of the present study, since
the demographics of the participants with CPA were generally balanced
between the groups, it may be a coincidental imbalance, given that the
numbers of participants evaluated in the study were small.

Table 4
Study drug-related treatment-emergent adverse events (safety analysis set).
Chronic pulmonary aspergillosis

Hepatic function abnormal
Liver function test increased
Hot flush
Nausea
Photophobia
Visual impairment
Colour blindness
Dizziness
Hallucination, visual
Liver disorder
Vision blurred
Vomiting

ISCZ

VRCZ

(N = 52)

(N = 27)

4
4
4
2
0
0
0
0
0
0
0
0

7 (25.9)
3 (11.1)
0
2 (7.4)
7 (25.9)
4 (14.8)
2 (7.4)
2 (7.4)
2 (7.4)
2 (7.4)
2 (7.4)
2 (7.4)

(7.7)
(7.7)
(7.7)
(3.8)

4.1. Limitations
The study has several limitations. First, statistical interpretation is
hindered by the limited sample size. In this study, the maximum possible
number of participants was recruited, as in the previous study of pos
aconazole conducted in Japan [26], and the results of Japanese patients
exposed to isavuconazole were accumulated. Second, the possibility that
bias was present in the safety and efficacy evaluations cannot be
completely ruled out, because this was an open-label study. However, as
in the SECURE and VITAL studies, bias in the efficacy evaluations was
minimized through blinded assessments by an independent DRC.

Data are n (%) values. Coded in MedDRA version 23.1. Drug-related TEAEs
(preferred terms) (incidence >5% in one or more treatment groups) in chronic
pulmonary aspergillosis are listed. Diagnosis was based on assessment by the
DRC.
ISCZ: isavuconazole; VRCZ: voriconazole; DRC: Data Review Committee.

5. Conclusion
Isavuconazole was shown to be effective, safe, and well tolerated in
the treatment of Japanese patients with CPA and cryptococcosis. Since
isavuconazole is not currently indicated for both diseases, this study
provides new evidence. Isavuconazole shows promise as a new treat
ment option that fulfills medical needs unmet by the limited number of
existing drugs used to treat fungal infections.

condition and the treatment course, and the intravenous formulation has
no restrictions on administration to patients with renal impairment.
Another advantage of this drug is that there is less concern about drug
interactions than with other azole antifungals [9]. Isavuconazole has
potential to meet the medical needs for both IA and mucormycosis in
Japanese patients as well.
In this study, no particular serious AE specific to isavuconazole was
observed. Most of the serious AEs reported in the isavuconazole group
were found to be causally unrelated to the study drug because they were
related to diseases or symptoms present before the start of isavuconazole
treatment. Overall, isavuconazole treatment did not likely increase the
incidence of serious AEs. These findings were not considered to suggest
that the safety of isavuconazole was inferior to that of voriconazole.
The occurrence of fatal AEs related to infections and underlying
diseases in patients with poor general conditions was similar to that in
the SECURE and VITAL studies and, therefore, predictable. In the
SECURE study, no between-group difference was seen in the incidence of
AEs or adverse drug reactions that resulted in death. As for the reason
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Table 5
Summary of MIC values for fungal isolates in the ITT set.
Species
Aspergillus species

Number of isolates
70

Aspergillus fumigatus

42

Aspergillus niger

17

Aspergillus terreus
Aspergillus flavus
Aspergillus amoenus
Aspergillus NOS
Cryptococcus species
Mucorales

7
2
1
1
5
5

MIC50/MIC90 (MIC range) (μg/mL): CLSI standards
ISCZ

VRCZ

ITCZ

FLCZ

PSCZ

CPFGa

MCFGa

AMPH-B

0.5/1
(0.12, 2)
0.5/0.5
(0.25, 1)
1/2
(0.5, 2)
(0.25, 0.5)
(0.5, 1)
(0.25, 0.25)
(0.12, 0.12)
(0.03, 0.06)
(2, 32)

0.5/1
(0.25, 2)
0.25/0.5
(0.25, 0.5)
1/2
(0.5, 2)
(0.25, 0.5)
(1, 1)
(0.25, 0.25)
(0.25, 0.25)
(0.03, 0.12)
(16, 32)

0.5/1
(0.25, 32)
0.5/0.5
(0.25, 32)
1/2
(0.5, 2)
(0.25, 0.25)
(0.5, 0.5)
(0.5, 0.5)
(0.5, 0.5)
(0.03, 0.25)
(1, 4)

128/128
(32, 128)
128/128
(32, 128)
128/128
(32, 128)
(64, 128)
(128, 128)
(64, 64)
(64, 64)
(1, 4)
(128, 128)

0.12/0.5
(0.06, 32)
0.12/0.25
(0.06, 32)
0.25/0.5
(0.25, 0.5)
(0.06, 0.12)
(0.25, 0.5)
(0.12, 0.12)
(0.25, 0.25)
(0.03, 0.12)
(0.5, 2)

0.25/0.25
(0.12, 2)
0.25/0.5
(0.12, 0.5)
0.25/0.25
(0.12, 0.25)
(0.12, 0.5)
(0.12, 0.25)
(0.12, 0.12)
(2, 2)
(16, 32)
(32, 32)

0.004/0.008
(0.004, 0.015)
0.004/0.008
(0.004, 0.015)
0.004/0.008
(0.004, 0.008)
(0.004, 0.004)
(0.008, 0.015)
(0.004, 0.004)
(0.015, 0.015)
(16, 16)
(16, 16)

1/2
(0.25, 4)
0.5/1
(0.25, 1)
0.25/1
(0.25, 1)
(2, 4)
(0.5, 1)
(2, 2)
(1, 1)
(0.25, 1)
(0.12, 4)

MIC: minimum inhibitory concentration; MIC50: minimum inhibitory concentration which inhibited 50% of the isolates; MIC90: minimum inhibitory concentration
which inhibited 90% of the isolates; ITT: intention-to-treat; CLSI: clinical and laboratory standards institute; NOS: not otherwise specified.
ISCZ: isavuconazole; VRCZ: voriconazole; ITCZ: itraconazole; FLCZ: fluconazole; PSCZ: posaconazole; CPFG: caspofungin; MCFG: micafungin; AMPH-B: amphotericin
B.
MIC50 and MIC90 were calculated only for the pathogen with ten or more isolates.
a
For caspofungin and micafungin, data are minimum effective concentration (MEC) values.
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