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Isavuconazole versus voriconazole for primary treatment
of invasive mould disease caused by Aspergillus and
other ﬁlamentous fungi (SECURE): a phase 3,
randomised-controlled, non-inferiority trial
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Dionysios Neofytos, Mickael Aoun, John W Baddley, Michael Giladi, Werner J Heinz, Raoul Herbrecht, William Hope, Meinolf Karthaus,
Dong-Gun Lee, Olivier Lortholary, Vicki A Morrison, Ilana Oren, Dominik Selleslag, Shmuel Shoham, George R Thompson III, Misun Lee,
Rochelle M Maher, Anne-Hortense Schmitt-Hoﬀmann, Bernhardt Zeiher, Andrew J Ullmann

Summary
Background Isavuconazole is a novel triazole with broad-spectrum antifungal activity. The SECURE trial assessed
eﬃcacy and safety of isavuconazole versus voriconazole in patients with invasive mould disease.
Methods This was a phase 3, double-blind, global multicentre, comparative-group study. Patients with suspected
invasive mould disease were randomised in a 1:1 ratio using an interactive voice–web response system, stratiﬁed by
geographical region, allogeneic haemopoietic stem cell transplantation, and active malignant disease at baseline, to
receive isavuconazonium sulfate 372 mg (prodrug; equivalent to 200 mg isavuconazole; intravenously three times a
day on days 1 and 2, then either intravenously or orally once daily) or voriconazole (6 mg/kg intravenously twice daily
on day 1, 4 mg/kg intravenously twice daily on day 2, then intravenously 4 mg/kg twice daily or orally 200 mg twice
daily from day 3 onwards). We tested non-inferiority of the primary eﬃcacy endpoint of all-cause mortality from ﬁrst
dose of study drug to day 42 in patients who received at least one dose of the study drug (intention-to-treat [ITT]
population) using a 10% non-inferiority margin. Safety was assessed in patients who received the ﬁrst dose of study
drug. This study is registered with ClinicalTrials.gov, number NCT00412893.
Findings 527 adult patients were randomly assigned (258 received study medication per group) between March 7,
2007, and March 28, 2013. All-cause mortality from ﬁrst dose of study drug to day 42 for the ITT population was 19%
with isavuconazole (48 patients) and 20% with voriconazole (52 patients), with an adjusted treatment diﬀerence of
–1·0% (95% CI −7·8 to 5·7). Because the upper bound of the 95% CI (5·7%) did not exceed 10%, non-inferiority was
shown. Most patients (247 [96%] receiving isavuconazole and 255 [98%] receiving voriconazole) had treatmentemergent adverse events (p=0·122); the most common were gastrointestinal disorders (174 [68%] vs 180 [69%]) and
infections and infestations (152 [59%] vs 158 [61%]). Proportions of patients with treatment-emergent adverse events
by system organ class were similar overall. However, isavuconazole-treated patients had a lower frequency of
hepatobiliary disorders (23 [9%] vs 42 [16%]; p=0·016), eye disorders (39 [15%] vs 69 [27%]; p=0·002), and skin or
subcutaneous tissue disorders (86 [33%] vs 110 [42%]; p=0·037). Drug-related adverse events were reported in
109 (42%) patients receiving isavuconazole and 155 (60%) receiving voriconazole (p<0·001).
Interpretation Isavuconazole was non-inferior to voriconazole for the primary treatment of suspected invasive mould
disease. Isavuconazole was well tolerated compared with voriconazole, with fewer study-drug-related adverse events.
Our results support the use of isavuconazole for the primary treatment of patients with invasive mould disease.
Funding Astellas Pharma Global Development, Basilea Pharmaceutica International.

Introduction
Invasive mould disease represents a challenge, especially
in patients with haematological malignant disease and
haemopoietic stem cell transplantation, solid organ
transplant recipients, and patients in intensive-care
units.1 Invasive mould disease still accounts for
substantial mortality in these patients.1,2
The available range of antifungal drugs that are active
against mould disease has shortcomings. Polyenes, once
the mainstay of anti-mould therapy, now have a limited
role because of toxicity concerns and the requirement

for intravenous administration.3 Echinocandins have an
excellent safety proﬁle; however, there is relatively little
experience in their use for the primary treatment of
invasive mould disease.4,5 Posaconazole is licensed for
the salvage treatment of invasive mould disease,6 but
data to support its ﬁrst-line use are lacking. Voriconazole
has been endorsed by international guidelines as
primary treatment for invasive aspergillosis,2,7,8 as well as
some other mould infections.9 However, drug
interactions, pharmacokinetic variability, short-term
acute
toxicities
(including
photopsia,
visual
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Research in context
Evidence before this study
We searched PubMed without time or language limitation
with the search criteria (“invasive”[All Fields] AND
(“aspergillosis”[MeSH Terms] OR “aspergillosis”[All Fields]))
AND ((“mortality”[Subheading] OR “mortality”[All Fields] OR
“mortality”[MeSH Terms])) AND ((“registries”[MeSH Terms]
OR “registries”[All Fields] OR “trial”[All Fields])), up to
October, 2015. 55 references were found, of which 36 were
categorised as clinical trials. By excluding prevention trials
and studies in patients with Candida infections only,
15 clinical trials or cohorts or registries were identiﬁed, with
nine studies before 2003. Mortality in all trials was similarly
high. Only one study was well powered, prospective, and
randomised-controlled prior to the beginning of the trial.
Overall 10 studies were non-randomised or uncontrolled in
nature; four studies were identiﬁed in patients refractory or
intolerant to therapy; three trials included only patients with
non-haematological disease (mainly solid organ transplant
recipients). The only study published before 2003 was that by
Herbrecht and colleagues (2002), which showed signiﬁcantly

hallucinations, and abnormalities in liver function),
long-term toxicities (such as skin carcinogenesis and
ﬂuorosis), concerns about β-cyclodextrin administration
in the setting of impaired renal function, and
recommendations for therapeutic drug monitoring have
been problematic for patients.10
The water-soluble prodrug isavuconazonium sulfate was
developed to facilitate intravenous administration without
the need for potentially nephrotoxic excipients such as
β-cyclodextrin. Isavuconazole, the active moiety, displays
excellent bioavailability (roughly 98%)11 after oral
administration without any clinically relevant food eﬀects.
Isavuconazole is a broad-spectrum triazole that has
demonstrated potent activity in animal models of invasive
aspergillosis,12 mucormycosis,13 invasive candidiasis,14 and
cryptococcosis.15 Isavuconazonium sulfate was approved in
2015 by the US Food and Drug Administration (FDA) for
the treatment of invasive aspergillosis and invasive
mucormycosis,16 and by the European Medicines Agency
for the treatment of invasive aspergillosis and of
mucormycosis when amphotericin B is inappropriate.17
We conducted a phase 3, double-blind trial to compare
the eﬃcacy and safety of intravenous and oral
formulations of isavuconazole to voriconazole for the
primary treatment of invasive mould disease caused by
Aspergillus spp or other ﬁlamentous fungi (the SECURE
trial).

Methods
Study design and participants
This was a phase 3, randomised, double-blind,
international, multicentre, non-inferiority study of
isavuconazole versus voriconazole for the primary

improved outcomes, including survival advantage of
voriconazole compared with conventional amphotericin B.
Added value of this study
SECURE is a prospective, double-blind, randomised, global trial
demonstrating that the novel triazole isavuconazole is
non-inferior to voriconazole for the primary treatment of invasive
aspergillosis and disease caused by other moulds. Additionally,
isavuconazole was well tolerated compared with voriconazole,
with signiﬁcantly fewer study drug-related adverse events and
adverse events of the skin, eye, and hepatobiliary systems.
Implications of all the available evidence
Voriconazole is the current gold standard for treatment of
invasive aspergillosis but is limited by drug–drug interactions
and safety concerns. Moreover, many non-Aspergillus moulds,
such as the agents of mucormycosis, are often resistant to
voriconazole. This trial oﬀers strong evidence that isavuconazole
is an appropriate alternative to voriconazole for the primary
treatment of invasive aspergillosis and other mould disease.

treatment of invasive mould disease, conducted from
2007 to 2013. Enrolment was suspended from January,
2009, to March, 2011, to allow for completion of nonclinical toxicity studies and licensing activities.
Patients 18 years or older were eligible if they were
considered to have invasive mould disease by meeting the
criteria for proven, probable, or possible invasive mould
disease caused by Aspergillus spp or other ﬁlamentous
fungi.18 Key exclusion criteria were hepatic dysfunction
(bilirubin ≥3 × upper limit of normal [ULN], alanine
transaminase or aspartate transaminase ≥5 × ULN,
cirrhosis or chronic hepatic failure), or moderate to severe
renal dysfunction (calculated creatinine clearance
<50 mL/min). Mycological criteria for diagnosis of
invasive mould disease included detection by cytology or
direct microscopy of fungal elements indicating a mould,
or by culture. A positive serum galactomannan test (single
optical density index value ≥0·7 or two consecutive values
≥0·5) was regarded as mycological evidence for
aspergillosis, except in patients receiving concomitant
amoxicillin-clavulanate,
piperacillin-tazobactam,
or
gluconate-containing plasma expanders. Galactomannan
detection in broncho-alveolar lavage ﬂuid was not accepted
as a mycological criterion for probable aspergillosis
because the galactomannan assay in ﬂuid had not yet
been approved by the US FDA. After the protocol was
drafted, but before unblinding of the locked database, the
FDA provided revised galactomannan criteria for probable
disease. Subsequently, a prespeciﬁed analysis was
performed using these criteria (appendix).19 Full inclusion
and exclusion criteria are detailed in the appendix.
Independent ethics committees or institutional review
boards at participating sites approved the protocol and all
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amendments. The study was conducted in accordance
with the Declaration of Helsinki (2000) and the
International Conference on Harmonisation Guidelines
for Good Clinical Practice. For all sites, approval of the
protocol was obtained from the governmental authorities.
Written informed consent was obtained from patients or
their legally authorised representatives before initiation
of any trial procedures.

Randomisation and masking
Patients were centrally randomised using a third-party
interactive response computer system to assign them to
receive isavuconazole or voriconazole in a 1:1 allocation.
Randomisation was performed using a block size of four
and was stratiﬁed by geographical region, allogeneic
haemopoietic stem cell transplantation, and active
malignancy at study entry. All trial site personnel involved
in patient care and non-site personnel were blinded to
treatment assignment, except pharmacy personnel
responsible for medication preparation. Placebo was used
to maintain blinding by matching the frequency of daily
dosing. Blinding codes and randomisation lists were
prepared by the study funder’s designee.

Procedures
Patients
assigned
to
isavuconazole
received
isavuconazonium sulfate 372 mg (equivalent to
isavuconazole 200 mg) intravenously three times a day
on days 1 and 2, followed by either intravenous or oral
isavuconazole 200 mg once daily, followed in 12 h by a
corresponding placebo (excipient only) from day 3
onwards. Patients allocated to voriconazole received the
labelled dose: 6 mg/kg intravenously twice daily on day 1,
followed by 4 mg/kg intravenously twice daily on day 2.
Voriconazole
was
given
either
intravenously
(4 mg/kg twice daily) or orally (200 mg twice daily) from
day 3 onwards. The protocol did not allow therapeutic
drug monitoring (to maintain study blinding) and
stipulated that the maximum treatment duration was to
be 84 days.
Assessment of clinical symptoms and physical ﬁndings
was conducted at screening and at all visits after day 3,
including days 7, 14, 28, 42, 63, 84, end of treatment (if
before day 84), and 4 weeks after end of treatment.
Radiological and mycological assessments were
performed between screening and day 7, on days 42 and
84, and at end of treatment. Additional radiological and
mycological assessments were performed during
treatment and follow-up if clinically indicated.
An independent data review committee, consisting of
infectious disease experts who were masked to treatment
allocation, was established to independently adjudicate
the diagnosis of invasive mould disease at enrolment
(including data up to day 7 as relevant). They also
assessed clinical, mycological, radiological, and overall
responses, at end of treatment, day 42, and day 84
(appendix). Consensus of three members of the data

review committee per case was required for adjudication.
A central radiologist, masked to treatment allocation,
initially determined radiological responses at prespeciﬁed
timepoints. Patients with radiological evidence at
baseline but without post-baseline radiological follow-up
were assumed not to have achieved treatment success.

International, Basel,
Switzerland
(A-H Schmitt-Hofmann PhD);
and Julius-MaximiliansUniversity, Department of
Internal Medicine II,
Infectious Diseases, Würzburg,
Germany (Prof A J Ullmann MD)
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The intention-to-treat (ITT) population, the primary
eﬃcacy population, included all patients who were
enrolled, randomly assigned, and received at least one
dose of medication. The modiﬁed intention-to-treat
(mITT) population consisted of ITT patients with
proven or probable invasive mould disease, as
determined by the data review committee. The
mycological intention-to-treat (myITT) population was
a subset of the mITT population with proven or
probable invasive aspergillosis (as assessed by the data
review committee). The safety population included all
enrolled patients who received their ﬁrst dose of study
drug, and is analysed by drug received (irrespective of
study group assignment). We also assessed the primary
outcome in a per-protocol population, excluding
patients who met prespeciﬁed classiﬁcation criteria (eg,
met key exclusionary criteria, received at least three
consecutive
days
of
prohibited
concomitant
medications, or received less than 7 days of study drug).
Additionally, we assessed the primary endpoint in a
strictly deﬁned intention-to-treat population (including
all patients who were enrolled and randomly assigned,
irrespective of whether they received any study drug) in
a post-hoc analysis.
The primary eﬃcacy endpoint was all-cause mortality
from ﬁrst dose of study drug to day 42 in the ITT
population. The ITT population was chosen because it is
representative of a population of patients requiring
antifungal therapy in a real-world setting. Patients with
unknown survival status were counted as deaths, deﬁned
by the date of last known follow-up; this approach was
approved by the FDA. The key secondary endpoint was
overall response (as assessed by the data review
committee) at end of treatment in the mITT population
(appendix). Other secondary endpoints included all-cause
mortality from ﬁrst dose of study drug to day 84, overall,
clinical, mycological, and radiological responses (as
assessed by the data review committee) on day 42, day 84,
and end of treatment, as well as safety and tolerability.
Investigators evaluated safety and tolerability by
monitoring adverse events and ﬁndings from physical
examinations, vital signs, laboratory tests, electrocardiogram, and concomitant medication or surgery.
Treatment-emergent adverse events were deﬁned as an
adverse event starting or worsening after ﬁrst study drug
administration until 28 days after the last dose. Studydrug-related adverse events included those reported as
remotely, possibly, or probably related to the study drug
by the blinded investigator.
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Statistical analyses
532 enrolled
5 excluded
527 randomly assigned

263 to isavuconazole

264 to voriconazole

5 did not receive study drug

6 did not receive study drug

ITT population
258 received any dose of study drug*

ITT population
258 received any dose of study drug

118 completed treatment
140 discontinued treatment
39 insuﬃcient response
31 adverse events or intercurrent
illness
17 deaths
53 other reasons†

120 completed treatment
138 discontinued treatment
23 insuﬃcient response
53 adverse events or intercurrent
illness
21 deaths
41 other reasons†

170 completed follow-up
88 discontinued the study
56 died
7 withdrew consent
8 failure to return or lost to
follow-up
17 other reasons‡

155 completed follow-up
103 discontinued the study
67 died
7 withdrew consent
9 failed to return or lost to
follow-up
20 other reasons‡

Safety population
257 received ﬁrst dose

Safety population
259 received ﬁrst dose*

114 no proven or probable IMD

mITT population
143 with proven or probable IMD

20 no proven or probable
aspergillosis

myITT population
123 with proven or probable
aspergillosis

130 no proven or probable IMD

mITT population
129 with proven or probable IMD

21 no proven or probable
aspergillosis

myITT population
108 with proven or probable
aspergillosis

Figure 1: Trial proﬁle
Enrolled refers to patients who provided written informed consent. IMD=invasive mould disease. ITT=intention to
treat; all randomised patients who received study drug. mITT=modiﬁed intention to treat; ITT patients with
proven or probable invasive mould disease. myITT=mycological intention to treat; mITT patients with proven or
probable invasive aspergillosis. *Including one patient assigned to isavuconazole who received voriconazole for
7 days followed by isavuconazole oral study drug; this patient is included in the isavuconazole eﬃcacy analysis and
the voriconazole safety analysis. †Including failure to return or loss to follow-up, violation of selection at entry,
other protocol deviation, did not cooperate, refused treatment, withdrew consent, and administrative or other.
‡Including adverse events or intercurrent illness and administrative or other.
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Our sample size calculation was based on the primary
eﬃcacy endpoint, all-cause mortality in the ITT population
from ﬁrst dose of study drug to day 42. Roughly 255 patients
per group were required for an 80% power to demonstrate
that the upper limit of the 95% CI for a treatment diﬀerence
was 10% or less (prespeciﬁed non-inferiority margin for
this endpoint). This calculation was based on a one-sided,
large-sample, normal-approximation and non-inferiority
test at a 2·5% signiﬁcance level. A 20% mortality rate was
assumed for both drugs in the primary eﬃcacy population.
To evaluate the eﬃcacy (mortality endpoint) of
amphotericin B over placebo in patients with invasive
fungal disease caused by Aspergillus spp, the funder
conducted a meta-analysis using historical individual
patient data from 90 articles dating from 1952 to 2006. A
10% non-inferiority margin was established for the allcause mortality rate from ﬁrst dose of study drug to
day 42 in untreated patients (ie, placebo) of 84·8%
(95% CI 75·1 to 94·5). This estimation was further
supported by a mortality rate of 100% in untreated patients
reported by Denning.20 The historical all-cause mortality
rate from ﬁrst dose of study drug to day 42 for voriconazole
was 18·8% (95% CI 12·4 to 25·1), on the basis of a
randomised comparative study assessing voriconazole and
amphotericin B.21 A conservative estimate of eﬀect size for
voriconazole compared with untreated (placebo) patients
with invasive aspergillosis for all-cause mortality from ﬁrst
dose of study drug to day 42 was 50% (lower bound of
placebo 95% CI minus upper bound of voriconazole 95%
CI). Therefore, a 10% non-inferiority margin would
provide statistical evidence that isavuconazole is superior
to placebo, preserving more than 80% of the estimated
voriconazole treatment eﬀect. In a 2009 workshop on
hospital-acquired and ventilator-associated pneumonia
sponsored by the FDA, the Infectious Diseases Society of
America, the American Thoracic Society, the Society of
Critical Care Medicine, and the American College of Chest
Physicians, it was proposed that a 10% non-inferiority
margin for all-cause mortality in serious infections would
be clinically acceptable.22
Adjusted treatment diﬀerence was calculated by a
stratiﬁed Cochran-Mantel-Haenszel method with the
randomisation strata of geographical region, allogeneic
haemopoietic stem cell transplantation status, and active
malignancy status. The 95% CI for the adjusted treatment
diﬀerence was calculated on the basis of a normal
approximation. Treatment-by-subgroup interaction (age,
sex, race, ethnic origin, baseline neutropenic status,
body-mass index, glomerular ﬁltration rate, and
enrolment period) was evaluated using a logistic
regression according to the prespeciﬁed statistical
signiﬁcance value of p<0·15. For assessment of
treatment-emergent adverse events, we did a prespeciﬁed
comparison between the proportions of treatmentemergent adverse events reported in each system organ
class between treatment groups, based on Fisher’s exact
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Isavuconazole Voriconazole
ITT population
Number of patients
Age, years

258
51·1 (16·2)

258
51·2 (15·9)

Sex
Men

145 (56%)

163 (63%)

Women

113 (44%)

95 (37%)

Geographical region
North America
Western Europe, Australia, and
New Zealand
Other*
Mean body-mass index, kg/m²

30 (12%)

28 (11%)

105 (41%)

107 (41%)

123 (48%)
24·2

123 (48%)
23·7

Risk factor
Haematological malignancy
Allogeneic BMT/HSCT
Active malignancy at study entry

211 (82%)

222 (86%)

54 (21%)

51 (20%)

173 (67%)

187 (72%)

Absolute neutrophil count <500/mm³

163 (63%)

175 (68%)

Use of T-cell immunosuppressants

111 (43%)

109 (42%)

Use of corticosteroids

48 (19%)

39 (15%)

eGFR-MDRD
<60 mL/min per 1·73 m²
≥60 mL/min per 1·73 m²
Missing

Isavuconazole Voriconazole
(Continued from previous column)

20 (8%)
231 (92%)
7

33 (13%)
217 (87%)
8

Primary underlying disease†

Sterile-site cytology, histopathology, or
culture evidence of invasive mould
disease
Autopsy

30 (12%)

34 (13%)

1 (<1%)

7 (3%)

mITT population
Number of patients

143

129

Pathogen causing disease
49 (34%)

39 (30%)

A fumigatus

32 (22%)

21 (16%)

A ﬂavus

10 (7%)

12 (9%)

A niger

6 (4%)

2 (2%)

A terreus

4 (3%)

2 (2%)

A usti

0

1 (1%)

Aspergillus spp¶

1 (1%)

3 (2%)

1 (1%)

0

Aspergillus spp only

A sydowi

3 (2%)

1 (1%)

A fumigatus

0

1 (1%)

A ﬂavus

1 (1%)

0

A terreus

1 (1%)

0

Aspergillus spp¶

1 (1%)

0

Lichtheimia corymbifera

1 (1%)

0

Lichtheimia spp¶

1 (1%)

0

Scedosporium spp¶

1 (1%)

1 (1%)

Non-Aspergillus spp only

5 (3%)

6 (5%)
0

Aspergillus plus other ﬁlamentous fungi

Acute myeloid leukaemia

99 (38%)

126 (49%)

Acute lymphoblastic leukaemia

30 (12%)

24 (9%)

Rhizopus spp¶

1 (1%)

24 (9%)

Mucor spp¶

0

1 (1%)

2 (1%)

0

Lymphoma

33 (13%)

Myelodysplastic syndrome

23 (9%)

14 (5%)

Fusarium solani

Chronic lymphocytic leukaemia

10 (4%)

13 (5%)

Fusarium spp¶

1 (1%)

3 (2%)

Aplastic anaemia

9 (3%)

7 (3%)

Exserohilum rostratum

0

1 (1%)

Chronic myeloid leukaemia

5 (2%)

8 (3%)

Talaromyces marnefei

0

1 (1%)

Multiple myeloma

5 (2%)

7 (3%)

Talaromyces spp¶

0

1 (1%)

Trichosporon inkin

1 (1%)

0

Chronic obstructive pulmonary disease

5 (2%)

3 (1%)

Hodgkin’s disease

2 (1%)

3 (1%)

Diabetes mellitus

4 (2%)

0

Certainty of diagnosis‡
Proven invasive mould disease
Probable invasive mould disease

29 (11%)

36 (14%)

114 (44%)

93 (36%)

Possible invasive mould disease

88 (34%)

108 (42%)

No invasive mould disease

27 (10%)

21 (8%)

92 (36%)

113 (44%)

Serum galactomannan positive

91 (35%)

94 (36%)

Non-sterile cytology, direct
microscopy, or culture evidence of
invasive mould disease

59 (23%)

39 (15%)

Mycological criteria
No mycological evidence available§

(Table 1 continues in next column)

test. Continuous data were summarised descriptively.
Categorical data were summarised by number and
percentage of patients within each category. All data
analyses were done with SAS version 9.3.
This trial is registered with ClinicalTrials.gov, number
NCT00412893.

Filamentous fungi (no species
identiﬁed)

14 (10%)

15 (12%)

Galactomannan positive only||

72 (50%)

68 (53%)

Location of disease
LRTD only

116 (81%)

107 (83%)

LRTD plus other organ

12 (8%)

15 (12%)

Non-LRTD only

15 (10%)

7 (5%)

Data are n, n (%), or mean (SD), unless otherwise indicated. ITT=intention to
treat; all randomised patients who received study drug. BMT=bone marrow
transplantation. HSCT=haemopoietic stem cell transplantation. eGFRMDRD=estimated glomerular ﬁltration rate calculated using the Modiﬁcation of
Diet in Renal Disease formula. mITT=modiﬁed intention to treat; ITT patients
with proven or probable invasive mould disease. LRTD=lower respiratory tract
disease. *Other regions consist of Argentina, Brazil, Chile, China, Egypt, Hungary,
India, Israel, Malaysia, Mexico, Poland, Russia, South Korea, Thailand, and Turkey.
†Primary underlying disease in ≥1% of patients. ‡As assessed by the data review
committee. §Fungal species were isolated from some patients in this group but
these organisms were considered as colonisers. No mycological evidence does not
include patients with possible invasive mould disease. ¶No further information.
||Two consecutive serum galactomannan values ≥0·5 or at least one serum
galactomannan value ≥0·7, as deﬁned in the trial protocol.

Table 1: Demographics and baseline characteristics
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Isavuconazole

Voriconazole

258

258

Adjusted treatment
diﬀerence (95% CI)*

All-cause mortality
ITT population
Day 42 all-cause mortality
Deaths
Unknown survival status†
Day 84 all-cause mortality
Deaths
Unknown survival status†
mITT population

48 (19%)

52 (20%)

45 (17%)

50 (19%)

3 (1%)

2 (1%)

75 (29%)

80 (31%)

72 (28%)

75 (29%)

··

3 (1%)

5 (2%)

··

143

–1·0% (–7·8 to 5·7)
··
··
−1·4% (−9·2 to 6·3)

129

Day 42 all-cause mortality

28 (20%)

30 (23%)

−2·6% (−12·2 to 6·9)

Day 84 all-cause mortality

43 (30%)

48 (37%)

−5·5% (−16·1 to 5·1)

myITT population

123

108

Day 42 all-cause mortality

23 (19%)

24 (22%)

−2·7% (−12·9 to 7·5)

Day 84 all-cause mortality

35 (28%)

39 (36%)

−5·7% (−17·1 to 5·6)

Possible invasive mould disease

88

108

Day 42 all-cause mortality

15 (17%)

19 (18%)

−0·5% (−12·3 to 11·2)‡

Day 84 all-cause mortality

24 (27%)

27 (25%)

2·3% (−11·2 to 15·8)‡

DRC-assessed response (mITT population)
Overall response at EOT§
Success

143

129

50 (35%)

47 (36%)

Complete

17 (12%)

13 (10%)

··

Partial

33 (23%)

34 (26%)

··

93 (65%)

82 (64%)

··

Stable

42 (29%)

33 (26%)

··

Progression

51 (36%)

49 (38%)

Clinical response at EOT§

85/137 (62%)

73/121 (60%)

Mycological response at EOT§

54/143 (38%)

53/129 (41%)

3·8% (−7·4 to 15·1)

Radiological response at EOT§

41/141 (29%)

42/127 (33%)

5·7% (−4·9 to 16·3)

Failure¶

1·6% (−9·3 to 12·6)

··
0·4% (−10·6 to 11·5)

Data are n, n (%), or n/N (%).The non-inferiority margin was 10% for adjusted treatment diﬀerences between
isavuconazole and voriconazole; an upper 95% CI less than 10% suggests that isavuconazole is non-inferior to
voriconazole. ITT=intention to treat; all randomised patients who received study drug. mITT=modiﬁed intention to
treat; ITT patients with proven or probable invasive mould disease. myITT=mycological intention to treat; mITT
patients with proven or probable invasive aspergillosis. EOT=end of treatment. *Isavuconazole minus voriconazole for
all-cause mortality; voriconazole−isavuconazole for overall, clinical, mycological, and radiological responses. †Patients
with unknown survival status were counted as deaths. ‡Crude treatment diﬀerence (isavuconazole minus voriconazole)
was calculated for possible invasive mould disease and its 95% CI was based on a normal approximation. §Assessed in
the ITT population. Favourable mycological response was defined as eradication or presumed eradication. ¶Death or
patients with missing information assumed not to have achieved treatment success.

Table 2: Eﬃcacy outcomes

Role of funding source
The funders of the study, Astellas Pharma Global
Development and Basilea Pharmaceutica International,
were involved in study design, data collection, data
analysis, data interpretation, and writing of the report.
The corresponding author had full access to all data in
the study and had ﬁnal responsibility for the decision to
submit for publication.

Results
Between March 7, 2007, and March 28, 2013, we recruited
patients from 102 centres from 26 countries located
across North and South America, Europe, the Middle
East, southeast Asia, east Asia, and Paciﬁc regions.
6

532 patients gave consent, of whom 527 were randomly
assigned. 11 patients did not receive any study drug
(ﬁve did not meet entry criteria, four withdrew consent,
and two died), and were excluded from the ITT
population, which included 516 patients (n=258 for each
treatment group; ﬁgure 1). The mITT population
consisted of 143 patients in the isavuconazole and
129 patients in the voriconazole group. The myITT
population included 123 patients in the isavuconazole
group and 108 patients in the voriconazole group.
Baseline demographics and underlying disorders in
the ITT population are shown in table 1; there were fewer
men in the isavuconazole group and more patients with
acute myeloid leukaemia in the voriconazole group. The
most common underlying disorder was haematological
malignant disease (433 patients; 84%). 105 (20%) patients
were recipients of allogeneic haemopoietic stem cell
transplantation, and 338 (66%) had neutropenia. The
mITT baseline characteristics were similar to those in
the ITT population (data not shown).
At baseline, as assessed by the data review committee,
65 (13%) patients had proven invasive mould disease and
207 (40%) had probable invasive mould disease. Possible
invasive mould disease was diagnosed in 196 (38%)
patients; 48 (9%) had no evidence of invasive mould
disease. When Aspergillus was cultured as the only mould
at baseline, A fumigatus (n=53), A ﬂavus (n=22), A niger
(n=8), and A terreus (n=6) were the most commonly
identiﬁed species.
Total treatment duration for the safety population was
similar to that of the ITT population. The median
durations of total dosing for isavuconazole were 45 days
(IQR 13–83; ﬁve intravenous, 60 oral) and for voriconazole
were 47 days (IQR 13–83; ﬁve intravenous, 53 oral).
400 (78%) patients switched from intravenous to oral
dosing (194 for isavuconazole and 206 for voriconazole).
At day 14, isavuconazole trough plasma concentrations
ranged from 813·1 ng/mL to 9952·5 ng/mL, with a mean
of 3354 ng/mL (SD 1816 ng/mL) (appendix).
Of 258 patients who received isavuconazole,
118 completed treatment and 140 discontinued
treatment. 170 completed follow-up (28 days after end of
treatment), and 88 discontinued the study. Of
258 patients who received voriconazole, 120 completed
treatment and 138 discontinued treatment. 155 patients
completed follow-up and 103 discontinued the study.
For the primary eﬃcacy endpoint, all-cause mortality
from ﬁrst dose of study drug to day 42 in the ITT
population was 19% (48 patients) for isavuconazole and
20% (52 patients) for voriconazole (adjusted treatment
diﬀerence –1·0%, 95% CI −7·8 to 5·7; table 2). The study
met the primary objective of demonstrating noninferiority of isavuconazole versus voriconazole, because
the upper limit of the 95% CI (5·7%) was lower than the
prespeciﬁed 10% non-inferiority margin. All-cause
mortality from ﬁrst dose of study drug to day 42 across
the mITT and myITT subpopulations supported this
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Isavuconazole
Voriconazole

100
90
80
70
Survival (%)

conclusion (table 2). No treatment-by-subgroup factor
interaction was noted according to the prespeciﬁed
signiﬁcance value of p<0·15.
For the per-protocol analysis, all-cause mortality from
ﬁrst dose of study drug to day 42 was 15% (26 of
172 patients) for isavuconazole and 18% (31 of
175 patients) for voriconazole (adjusted treatment
diﬀerence –2·6%, 95% CI –10·3 to 5·1).
For the key secondary eﬃcacy endpoint, overall
response at end of treatment (as assessed by the data
review committee) in the mITT population was similar
for isavuconazole and voriconazole (complete response
in 35% [50/143] patients vs 36% [47/129]; table 2). Clinical,
mycological, and radiological responses at end of
treatment, as assessed by the data review committee,
were similar in the mITT population (table 2). 31 patients
in the isavuconazole group and 29 patients in the
voriconazole group were assumed to have not achieved
treatment success because they had no imaging after
baseline.
Mortality from ﬁrst dose of study drug to day 84 using
the Kaplan-Meier method was similar between treatment
groups in both the ITT population (treatment diﬀerence
−1·1%, 95% CI −8·9 to 6·7; ﬁgure 2) and the mITT
population (−5·7%, 95% CI −16·9 to 5·5; appendix). An
analysis of mortality using the revised galactomannan
criteria is provided in the appendix.
Nearly all patients in the safety population had at least
one treatment-emergent adverse event (247 [96%] receiving
isavuconazole and 255 [98%] receiving voriconazole;
p=0·122). The ﬁve most common events that occurred in
at least 5% of patients in either group were nausea,
vomiting, diarrhoea, pyrexia, and hypokalaemia
(appendix).
Proportions of patients with treatment-emergent adverse
events by system organ classes were similar for most
categories (table 3), although isavuconazole-treated
patients had a signiﬁcantly lower frequency of hepatobiliary
disorders, eye disorders, and skin or subcutaneous tissue
disorders. The proportion of patients with serious
treatment-emergent adverse events was similar between
treatment groups.
Signiﬁcantly fewer patients reported events considered
drug-related by the investigator for isavuconazole than for
voriconazole (109 [42%] vs 155 [60%]; p<0·001).
Additionally, fewer isavuconazole-treated patients
experienced drug-related treatment-emergent adverse
events within the following system organ classes:
hepatobiliary disorders, laboratory investigations, eye
disorders, and psychiatric disorders. Permanent drug
discontinuation due to treatment-emergent adverse events
were less common with isavuconazole (37 [14%] vs 59
[23%]). Permanent drug discontinuation due to drugrelated adverse events was lower for isavuconazole than for
voriconazole (21 [8%] vs 35 [14%]).
Diﬀerences between isavuconazole and voriconazole for
the overall analysis of treatment-emergent adverse events

60
50
40
30
20
Treatment diﬀerence (95% CI)
–1·1 (–8·9 to 6·7) p=0·744

10
0
0
Number at risk
Isavuconazole 258
Voriconazole 258
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Figure 2: Survival from ﬁrst dose of study drug to day 84
Patients were censored on the day of their last known survival status, represented by the circles. Figure shows data
for ITT population. ITT=intention to treat; all randomised patients who received study drug.

and serious treatment-emergent adverse events were
consistent with those of the subgroup analysis by age, sex,
race, ethnic origin, geographical region, allogeneic
transplantation, active malignancy status, and neutropenia
(data not shown). Analyses of other safety parameters,
including laboratory parameters and ECG, revealed no
clinically relevant trends (data not shown).
In a post-hoc analysis of the strictly deﬁned intentionto-treat population (all patients randomly assigned,
irrespective of whether they received the study drug), allcause mortality from ﬁrst dose of study drug to day 42
was 20% (53 of 263 patients) for isavuconazole and 22%
(57 of 264 patients) for voriconazole (adjusted treatment
diﬀerence –1·1%, 95% CI –7·9 to 5·7).

Discussion
In this double-blind, randomised trial, we compared the
eﬃcacy and safety of intravenous and oral formulations
of two mould-active azoles for the treatment of invasive
aspergillosis and other mould infections. Our study
demonstrates that isavuconazole is non-inferior to
voriconazole in patients suspected of having invasive
mould disease, but showed signiﬁcantly fewer drugrelated adverse events and fewer drug discontinuations.
Our primary analysis, 42-day mortality in the ITT
population, met the prespeciﬁed non-inferiority margin
of 10% (adjusted treatment diﬀerence –1·0%, 95% CI
−7·8 to 5·7). The equivalent analysis in the mITT
population, consisting of patients with proven or
probable invasive mould disease, was −2·6% (95% CI
−12·2 to 6·9); because the upper 95% CI was less than
10%, this ﬁnding also supports non-inferiority of
isavuconazole versus voriconazole in this population.
However, the study was powered to show a non-inferiority
margin for the primary endpoint only; the denominator
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Isavuconazole Voriconazole p value
(n=257)
(n=259)
Overall

247 (96%)

255 (98%)

0·122

Gastrointestinal disorders

174 (68%)

180 (69%)

0·705
0·719

Infections and infestations

152 (59%)

158 (61%)

General disorders and administrative site conditions

148 (58%)

144 (56%)

0·658

Respiratory, thoracic, and mediastinal disorders

143 (56%)

147 (57%)

0·859

Metabolism and nutrition disorders

0·289

108 (42%)

121 (47%)

Nervous system disorders

95 (37%)

89 (34%)

0·582

Skin and subcutaneous tissue disorders*

86 (33%)

110 (42%)

0·037¶

Investigations (abnormal laboratory tests)

85 (33%)

96 (37%)

0·357

Blood and lymphatic system disorders

77 (30%)

82 (32%)

0·703

Psychiatric disorders†

70 (27%)

86 (33%)

0·151

Musculoskeletal and connective tissue disorders

69 (27%)

77 (30%)

0·495

Vascular disorders

67 (26%)

77 (30%)

0·378

Renal and urinary disorders

55 (21%)

58 (22%)

0·832

Cardiac disorders

43 (17%)

57 (22%)

0·148

Eye disorders‡

39 (15%)

69 (27%)

0·002¶

Injury, poisoning, and procedural complications

33 (13%)

39 (15%)

0·526

Hepatobiliary disorders§

23 (9%)

42 (16%)

0·016¶

Immune system disorders

20 (8%)

25 (10%)

0·533

Neoplasms benign, malignant and unspeciﬁed

19 (7%)

31 (12%)

0·101

Ear and labyrinth disorders

14 (5%)

13 (5%)

0·846

Reproductive system and breast disorders

8 (3%)

13 (5%)

0·373

Endocrine disorders

5 (2%)

3 (1%)

0·503

Congenital, familial, and genetic disorders

3 (1%)

2 (1%)

0·685

Social circumstances

0

1 (<1%)

>0·999

Coded in MedDRA 12.1. Adverse events (preferred terms) reported in safety population (all patients who received ﬁrst
dose of study drug). *Rash, 17/257 (7%) vs 28/259 (11%); erythema, 9/257 (4%) vs 15/259 (6%); skin lesion, 4/257
(2%) vs 8/259 (3%); and drug eruption, 3/257 (1%) vs 11/259 (4%). †Hallucinations, 6/257 (2%) vs 11/259 (4%); visual
hallucinations, 3/257 (1%) vs 11/259 (4%); and agitation, 2/257 (1%) vs 7/259 (3%). ‡Visual impairment, 4/257 (2%) vs
19/259 (7%); photophobia, 2/257 (1%) vs 6/259 (2%); reduced visual acuity, 1/257 (<1%) vs 6/259 (2%); and retinal
haemorrhage 0/257 (0%) vs 5/259 (2%). §Hyperbilirubinaemia, 5/257 (2%) vs 10/259 (4%); abnormal hepatic function,
4/257 (2%) vs 9/259 (3%); jaundice, 1/257 (<1%) vs 6/259 (2%); and cholestasis, 1/257 (<1%) vs 6/259 (2%).
¶Statistical signiﬁcance at p≤0·05 (Fisher’s exact test).

Table 3: Treatment-emergent adverse events by system organ class

was substantially smaller in the mITT population (n=272)
than in the ITT population (n=516), which resulted in
widened 95% CIs. Nevertheless, the upper 95% CI was
also less than 10% for the mITT, myITT, per-protocol,
and (post-hoc) strictly deﬁned intention-to-treat
populations, thereby providing strong support for the
non-inferiority of isavuconazole versus voriconazole.
Voriconazole is currently recommended for the
primary treatment of invasive aspergillosis on the basis
of results from a study in which voriconazole signiﬁcantly
improved survival compared with amphotericin B
deoxycholate.21 In real-life registries, the ﬁrst-line use of
voriconazole has been consistently associated with
improved response and decreased mortality attributable
to invasive aspergillosis compared with other mouldactive agents.2,23 Voriconazole is also recommended for
the primary treatment of some rare mould infections,
but is not active against Mucorales.9 It displays highly
8

variable non-linear pharmacokinetics in adults, which
has triggered recommendations for therapeutic drug
monitoring.10,24 By contrast, isavuconazole, which has
activity against Mucorales,13 demonstrates predictable
and linear pharmacokinetics with low interpatient
variability, making it an attractive alternative.25
Similar to a recent study in invasive aspergillosis, we
used all-cause mortality at 6 weeks as the primary
outcome measure.26 This outcome was chosen because it
provides the most objective and reproducible eﬀect of
therapy, and approximates best the attributable mortality,
because deaths due to competing causes occur
increasingly after 6 weeks.27
Overall response, our secondary endpoint, is
traditionally used as the primary endpoint, but is less
rigorous and more subjective. When analysing individual
components of the data review committee-assessed
overall response in our study, an inconsistency was noted
between clinical response and radiological response
rates. Indeed, as described previously,28 radiographic
evidence of response, the key driver of overall response,
lagged behind clinical improvement. Mycological and
radiological responses for patients with missing data
were counted as failures, thereby ensuring any bias that
was introduced was conservative.
In a large phase 3 trial of voriconazole, the overall
response at week 12 was 53% (76/144) in the voriconazole
group (median treatment duration for voriconazole
77 days [range 2–84]).21 The overall response at end of
treatment in our study was 36% (47/129) for voriconazole
(median treatment duration 50 days [range 1–88]). This
diﬀerence could be accounted for by diﬀerent deﬁnitions
of neutropenia (at baseline), inclusion of possible cases
in the previous study, and by the more stringent response
criteria of the SECURE trial.29 It should be noted that the
all-cause mortality rates in both studies were similar.21
As in previous studies,26,30 patients with possible invasive
mould disease were enrolled to include early diagnoses
and provide early therapy. However, conﬁrmation of
invasive mould disease can take up to a week or may not
be possible at all. With all available diagnostic data from
the ﬁrst study week, the data review committee conﬁrmed
that 53% of the ITT population had proven or probable
invasive mould disease and could be included in the mITT
analysis. Importantly, as per our protocol but contrary to
current international consensus deﬁnitions18 and studies
mentioned previously,26,30 galactomannan positivity of
broncho-alveolar ﬂuid alone was not accepted to upgrade
possible cases to probable disease. Many ITT patients
could not be included in the mITT population, which,
similar to previous trials, might have increased the
probability of meeting the non-inferiority margin.
However, examination of the mITT population suggests
that the non-inferiority margin would have been met in
that population. Nevertheless, enrolment of patients with
possible invasive mould disease at study entry reﬂects the
real-life strategy of early initiation of antifungal treatment.
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The most important diﬀerentiating feature between
isavuconazole and voriconazole in the current study
was the tolerability and safety proﬁle of isavuconazole,
which could allow safer therapy. Voriconazole therapy
is characterised by a narrow therapeutic window and an
established association between elevated concentrations
and neurotoxic,31 hepatic, and visual adverse events.32
These adverse events, although usually reversible, often
lead to premature discontinuation of the drug. Of the
drug-related hepatobiliary adverse events reported in
our study, 26 (10%) were noted in the voriconazole
group compared with ﬁve (2%) in the isavuconazole
group. In this study, key adverse events known to be
related to voriconazole (including eye, hepatic, and skin
disorders) and discontinuations due to adverse events
were signiﬁcantly less common among isavuconazoletreated patients. Given the double-blind nature of the
study, this suggests a true diﬀerence in the safety
features of the two azoles. Whether the higher
proportion of adverse events with voriconazole was due
to supratherapeutic drug exposure cannot be excluded
without therapeutic drug monitoring; however, the
eﬀect of therapeutic drug monitoring on the incidence
of these adverse events remains speculative.
The generalisability of our study is limited because of
the exclusion of patients with AIDS, abnormal liver or
renal function, and those receiving antifungal prophylaxis
with a mould-active azole. Additionally, few patients with
rare disorders for invasive mould disease were enrolled
in the study.
During the conduct of this study, therapeutic drug
monitoring for voriconazole—aimed at improving
response by individualising dosage regimens,
preventing drug-related adverse events, and early
discontinuation—became the standard of care in some
institutions. This study used the labelled dose of
voriconazole and did not address the comparative
eﬃcacy of isavuconazole versus voriconazole
administered at higher oral doses or with therapeutic
drug monitoring. However, on the basis of the
predictable and linear pharmacokinetics,11 no evidence
seems to suggest that therapeutic drug monitoring is
required for isavuconazole.
We conclude that isavuconazole is non-inferior to
voriconazole for the primary treatment of suspected
invasive mould disease, with substantially fewer drugrelated adverse events and discontinuations.
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