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Esophageal candidiasis is a frequent cause of morbidity in immunocompromised patients. Isavuconazole is a novel, broad-spec-
trum antifungal developed for the treatment of opportunistic fungal infections. This phase 2 trial compared the efficacy and
safety of three oral dosing regimens of isavuconazole with an oral fluconazole regimen in the primary treatment of uncompli-
cated esophageal candidiasis. The isavuconazole regimens were as follows: 200 mg on day 1 and then 50 mg once daily (arm A),
400 mg on day 1 and then 400 mg once-weekly (arm B), and 400 mg on day 1 and then 100 mg once daily (arm C). Patients in arm
D received fluconazole at 200 mg on day 1 and then 100 mg once daily. The minimum treatment duration was 14 days. The pri-
mary endpoint was the rate of endoscopically confirmed clinical response at end of therapy. Safety and tolerability were also as-
sessed. Efficacy was evaluated in 153 of 160 enrolled patients. Overall, 146 (95.4%) achieved endoscopically confirmed clinical
success. Each of the isavuconazole regimens was shown to be not inferior to fluconazole, i.e., arm A versus D, �0.5% (95% confi-
dence interval [CI] �10.0 to 9.4), arm B versus D, 3.5% (95% CI, �5.6 to 12.7), and arm C versus D, �0.2% (95% CI, �9.8 to
9.4). The frequency of adverse events was similar in arm A (n � 22; 55%), arm B (n � 18; 45%), and arm D (n � 22; 58%), but
higher in arm C (n � 29; 71%). In summary, efficacy and safety of once-daily and once-weekly isavuconazole were comparable
with once-daily fluconazole in the primary treatment of uncomplicated esophageal candidiasis.

Esophageal candidiasis is an opportunistic fungal infection that
commonly occurs in immunocompromised patients. Individ-

uals with HIV infection are particularly at risk (1), even in the era
of antiretroviral therapy (2). Infections are predominantly caused
by Candida albicans; however, infections with other non-albicans
Candida species such as C. glabrata, C. krusei, and C. parapsilosis
have also been reported (3–6). Although seldom fatal, esophageal
candidiasis is associated with significant morbidity, causing dys-
phagia, odynophagia, and retrosternal pain (1).

Current guidelines recommend fluconazole, an echinocandin,
or amphotericin B for the primary treatment of esophageal can-
didiasis (7). Recommended alternatives include itraconazole, po-
saconazole, and voriconazole (7). Candida albicans is usually sus-
ceptible to these commonly used antifungal agents; however,
extended periods of antifungal treatment may lead to the devel-
opment of microbiological resistance (7). Resistance to currently
approved triazole medications, particularly fluconazole, is now
well described in patients with HIV (8–12). Resistance to the echi-
nocandins, such as caspofungin, is also starting to emerge (13). In
addition, prolonged treatment may give rise to unwanted safety
and tolerability effects. Thus, there is a therapeutic need for more,
well-tolerated antifungal agents that are effective against emerging
resistant Candida spp.

Isavuconazole is a novel, broad-spectrum, triazole, antifungal
agent in development for the treatment of invasive fungal infec-
tions. The prodrug, isavuconazonium sulfate, is available in oral
and intravenous formulations. After administration, it is immedi-
ately and completely converted to the active agent by esterases
(14). The active agent is an inhibitor of sterol 14�-demethylase,
which is required for biosynthesis of ergosterol, an essential com-

ponent of fungal cell membranes (14). Isavuconazole displays
concentration-dependent activity, pharmacodynamics that are
related to its area under the concentration-time curve/MIC ratio,
and a long half-life (14, 15).

In preclinical studies, isavuconazole has demonstrated potent
activity in vitro against most clinically relevant fungal spp. includ-
ing Candida spp., Aspergillus spp., Cryptococcus spp., and mucor-
mycetes (16–19). The results of animal model studies have also
shown that isavuconazole is effective in the treatment of invasive
candidiasis, invasive aspergillosis, and mucormycosis (15, 20–23).
Moreover, in a recent phase 2 study, isavuconazole was shown to
be well tolerated as prophylaxis in neutropenic patients with acute
myeloid leukemia (31).

The aim of this phase 2 study was to evaluate the safety and

Received 22 October 2014 Returned for modification 16 November 2014
Accepted 19 December 2014

Accepted manuscript posted online 5 January 2015

Citation Viljoen A, Azie N, Schmitt-Hoffmann A-H, Ghannoum M. 2015. A phase 2,
randomized, double-blind, multicenter trial to evaluate the safety and efficacy of
three dosing regimens of isavuconazole compared with fluconazole in patients
with uncomplicated esophageal candidiasis. Antimicrob Agents Chemother
59:1671–1679. doi:10.1128/AAC.04586-14.

Address correspondence to M. Ghannoum, mag3@case.edu.

Supplemental material for this article may be found at http://dx.doi.org/10.1128
/AAC.04586-14.

Copyright © 2015, American Society for Microbiology. All Rights Reserved.

doi:10.1128/AAC.04586-14

The authors have paid a fee to allow immediate free access to this article.

March 2015 Volume 59 Number 3 aac.asm.org 1671Antimicrobial Agents and Chemotherapy

http://dx.doi.org/10.1128/AAC.04586-14
http://dx.doi.org/10.1128/AAC.04586-14
http://dx.doi.org/10.1128/AAC.04586-14
http://dx.doi.org/10.1128/AAC.04586-14
http://aac.asm.org


efficacy of three different dosing regimens of isavuconazole, com-
pared to an approved once-daily fluconazole regimen, for the
treatment of uncomplicated esophageal candidiasis.

MATERIALS AND METHODS
Patients. All patients signed an Independent Ethics Committee-approved
written, informed consent form prior to initiation of any study proce-
dures. The study protocol was reviewed by the Independent Ethics Com-
mittee, and the study was conducted in accordance with the ethical prin-
ciples that have their origin in the Declaration of Helsinki Good Clinical
Practice, International Conference on Harmonization guidelines, and lo-
cal applicable laws and regulations. This trial was initiated in December
2004 prior to introduction of the 2007 FDAAA 801 requirements for
clinical trial reporting and was not prospectively registered.

Male and female patients, aged 18 to 65 years, who received a diagnosis
of uncomplicated esophageal candidiasis within 5 days of the start of study
treatment and who had one or more of the following symptoms were
eligible for inclusion: dysphagia (higher than grade 0 but lower than grade
3), retrosternal pain and odynophagia (higher than grade 0), endoscopic
confirmation of esophageal candidiasis (higher than grade 0), and confir-
matory histology, cytology, or culture from esophageal brushings or bi-
opsy samples (see Table S1 in the supplemental material). Uncomplicated
esophageal candidiasis was defined as a single, mild to moderate episode
of infection caused by Candida spp. Only postmenopausal or surgically
sterile female patients were included, and all patients were included only if
they had a life expectancy of at least 3 months with regard to their under-
lying condition, as judged by the study investigator.

Patients were excluded from the study if they were unable to swallow
capsules due to dysphagia, if they had abnormalities that precluded en-
doscopy, or if they had reoccurrence of uncomplicated esophageal candi-
diasis after previous treatment with fluconazole within 3 months prior to
the start of the study; more than two episodes of oral candidiasis or esoph-
ageal candidiasis within 12 months prior to the start of the study; another
opportunistic fungal infection or therapy for another opportunistic fun-
gal infection within 14 days prior to the start of the study; systemic anti-
fungal therapy and treatment failure within 72 h prior to the start of the
study; frank esophageal ulceration, or suspected other, or additional
causes of esophagitis, e.g., viral, which may impact the clinical evaluation
of the patient; hepatic dysfunction, including total bilirubin, alanine ami-
notransferase, or aspartate aminotransferase levels �5 times the upper
limit of normal; moderate to severe renal dysfunction with a calculated
creatinine clearance �50 ml/min or a history of oliguria (�20 ml/h) that
was unresponsive to fluid challenge; or any concomitant medical condi-
tion that may have presented unacceptable risks to the patient, as judged
by the study investigator.

Additional exclusion criteria included oral azole treatment within the
4 weeks prior to the first administration of study medication; concomitant
use of rifampin, ritonavir, carbamazepine, long-acting barbiturates, ergot
alkaloids, efavirenz, rifabutin, terfenadine, astemizole, cisapride, pimoz-
ide, quinidine, or neostigmine; and treatment with any investigational
drug within 30 days prior to the first administration of study medication.
Patients who received systemic antifungal therapy (systemic antifungal
agent and/or oral, nonabsorbable, topical, antifungal agent) for at least 72
h prior to first administration of study medication and who had not
clearly failed on this treatment (i.e., the patient’s clinical condition had
not worsened nor significantly improved) were also excluded from the
study.

Study design. The present study was designed as a phase 2, random-
ized, double-blind, parallel-group, noninferiority trial, to compare the
safety and efficacy of three oral dosing regimens of isavuconazole with an
oral fluconazole regimen in the treatment of uncomplicated esophageal
candidiasis. It was conducted at eight clinical sites in South Africa from 30
December 2004 to 27 June 2005. In this report, isavuconazonium sulfate
dosages are expressed in terms of the quantity of isavuconazole adminis-

tered in milligram equivalents, e.g., isavuconazonium sulfate at 186.3 mg
is equivalent to isavuconazole at 100 mg.

Patients were screened between days �5 and �1. Eligible patients who
fulfilled the selection criteria were randomized 1:1:1:1 to four treatment
arms according to a computer-generated randomization list. Patients in
arm A received a single dose of oral isavuconazole at 200 mg on day 1 and
then once-daily oral isavuconazole at 50 mg from day 2 to the end of
therapy (EOT). Patients in arm B received a single dose of oral isavucona-
zole at 400 mg on day 1 and again on days 7, 14, and 21 (the day 21 dose
was given only if day 14 was not the EOT). Patients in arm C received a
single dose of oral isavuconazole at 400 mg on day 1 and then once-daily
oral isavuconazole at 100 mg from day 2 to the EOT. Patients in arm D
received a single dose of oral fluconazole at 200 mg on day 1 and then
once-daily oral fluconazole at 100 mg from day 2 to the EOT.

Study drugs were administered as hard gelatin capsules, containing
either isavuconazonium sulfate or fluconazole, with 200 ml of water. Oral
isavuconazole at 400 mg was administered as four capsules, each contain-
ing isavuconazole 100 mg. Oral isavuconazole at 50 mg was administered
as a single capsule, containing isavuconazole at 50 mg. There were no
visible differences between the study drug capsules given to patients and
all patients were given the same number of study drug capsules, with
placebo given as necessary.

The dosing regimen used in arm A was chosen based on pharmacoki-
netics data obtained in phase 1 studies and on the in vitro MIC data
obtained in studies of a number of Candida spp. However, since the effi-
cacy of isavuconazole had not been evaluated in a clinical setting at the
time of the study, a higher dosing regimen was also selected for arm C. The
dosing regimen used in arm B was chosen based on the long terminal
half-life of isavuconazole (i.e., 56 to 77 h when given orally) (14), which
raised the possibility that high, weekly dosing may provide similar plasma
isavuconazole levels as the dosing regimen in arm A. The dosing regimen
used in arm D is the current U.S. Food and Drug Administration-ap-
proved regimen for fluconazole (24).

The duration of treatment was based on disease severity and clinical
response and was consistent with previous clinical trials, current clinical
practice, and guidelines for the treatment of esophageal candidiasis (3, 7,
25). The minimum and maximum treatment durations were 14 and 21
days, respectively. All patients received 7 days of treatment, followed by a
clinical assessment on day 7. If resolution of clinical symptoms was ob-
served at the day 7 assessment, the patient received an additional 7 days of
treatment and was considered to be a treatment success (Fig. 1). If clinical
symptoms were found to be ongoing on day 7, treatment was given for an
additional 7 days, and another clinical assessment was conducted on day
14. If clinical symptoms had resolved by day 14, an additional 7 days of
treatment were given (resulting in a treatment duration totaling a maxi-
mum of 21 days), and the patient was considered to be a treatment suc-
cess. If clinical symptoms had not resolved on day 14, the patient was
withdrawn from the study and classified as a treatment failure.

Patients considered to be a treatment success at the EOT completed
follow-up assessments at 14 days (�2 days) and 28 days (�3 days) after
the last dose of study drug. Patients considered to be a treatment failure at
the EOT completed a follow-up assessment at 14 days (�2 days) after the
last dose of study drug. Patients who did not attend follow-up assessments
were considered treatment failures.

Endpoint assessments. The primary efficacy endpoint was endoscop-
ically confirmed clinical response at the EOT. Clinical response was cate-
gorized as cure (resolution of all clinical symptoms related to the infec-
tion, i.e., grade 0 in clinical and endoscopic evaluations; see Table S1 in the
supplemental material), improvement (persistence of clinical symptoms
but without worsening), failure (worsening of patient’s condition or no
response by day 3), and indeterminate (clinical evaluation not possible).
Clinical success was defined as a clinical response of cure at the EOT, while
clinical failure was defined as improvement or failure.

The secondary efficacy endpoints were overall therapeutic response at
the EOT and microbiological response at the EOT. A positive therapeutic
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response was defined as resolution or improvement of clinical symptoms
and endoscopic grades from baseline to the EOT. Improvement meant a
reduction by �2 grades for each symptom and for the endoscopic evalu-
ation.

During endoscopic evaluations, brushing for cytology and culture and
a biopsy specimen for histology were taken. Microbiological response was
categorized as either eradication (confirmation by histology or cytology
that the original causative Candida spp. had been eradicated), persistence
(confirmation by histology or cytology that the original causative Candida
spp. was still present at the site of infection), residual colonization (pa-
tients had a positive culture for the causative Candida spp. but negative
histology and an endoscopic mucosal evaluation of grade 0 at the EOT), or
indeterminate (microbial evaluation not possible). Microbiological suc-
cess was defined as endoscopically confirmed eradication, and failure was
defined as persistence or residual colonization. Samples of positive culture
growth were also analyzed for species identification and susceptibility
testing was conducted according to Clinical and Laboratory Standards
Institute reference methodology (M27-A3).

To gather data for endpoint assessments, clinical symptoms were
evaluated at baseline, on days 3, 5, and 7, on day 14 or the EOT, and at
the two follow-up visits. Endoscopy and microbiological sampling of
the infected site were conducted at baseline, on day 14 or the EOT, and
at the follow-up visits. Relapse was assessed at the follow-up visits for
all patients who were considered to be a clinical success. Relapse was
defined as a deterioration of clinical symptoms or the endoscopic mu-
cosal evaluation (higher than grade 0) in patients who had demon-
strated a resolution of both clinical symptoms and endoscopic grades
at the EOT.

Safety assessments. Safety was assessed in all patients during screen-
ing (days �5 to �1) and at regular intervals throughout the trial via
monitoring of adverse events (AEs; number, nature, severity, and rela-
tionship to study drug), 12-lead electrocardiogram (ECG), physical ex-
aminations, vital-sign measurements (blood pressure, heart rate, respira-
tion rate, body temperature, and weight), and clinical laboratory
evaluations (hematology, biochemistry, and urinalysis). An AE was de-
fined as any untoward medical occurrence in a patient given a study drug

that did not necessarily have a causal relationship with the treatment. AEs
were evaluated throughout the study.

Treatment-emergent AEs (TEAEs) were defined as those that started
within the period from administration of the first dose of study drug
through to the 28-day follow-up assessment. Drug-related TEAEs were
TEAEs considered to be related (remotely, possibly, or probably) to the
study drug that started in the dosing to follow-up period. Serious AEs
(SAEs) were defined as any untoward medical occurrence that resulted in
death, persistent or significant disability, or congenital abnormality, that
was life-threatening, or that required hospitalization or prolongation of
existing hospitalization.

Statistical analyses. A sample size of 160 patients (to provide 40 pa-
tients per treatment arm) was chosen on the pragmatic basis of availability
of patients within a reasonable time frame. No formal sample size calcu-
lation was performed. Patient demographics, baseline characteristics, and
safety were evaluated in the intent-to-treat (ITT) population, which was
defined as all patients who received at least one dose of study drug and
who provided data for at least one post-baseline safety parameter. Vari-
ables were summarized using descriptive statistics.

Efficacy was evaluated in the per-protocol (PP) population, which was
defined as all patients in the ITT population who had a valid, endoscopi-
cally confirmed clinical response at the EOT and sufficient treatment du-
ration. The objective of the primary efficacy analysis was to show that each
of the isavuconazole dosing regimens was no less effective (i.e., noninfe-
rior) than a once-daily fluconazole dosing regimen. Primary efficacy anal-
ysis was conducted as a success versus failure analysis in the PP popula-
tion.

This study was designed as a noninferiority trial with a noninferiority
margin of �15%. The calculated success rate of each of the three isavu-
conazole dosing regimens was compared to the calculated success rate of
the fluconazole dosing regimen using a Cochran-Mantel-Haenszel
weighted method (weighted by study center). If the lower limit of the
calculated 95% confidence interval (CI) for the difference in success rates
(isavuconazole � fluconazole) was �–15%, then isavuconazole was con-
cluded to be noninferior to fluconazole.

Microbiological response was evaluated in all patients in the ITT

FIG 1 Treatment and assessment schedule.
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population who had valid baseline microbiological data (MBE/ITT) and in all
patients in the PP population who had valid baseline and EOT microbiolog-
ical data (MBE/PP). Secondary efficacy analyses were conducted using meth-
ods similar to those used for the primary efficacy analysis.

RESULTS
Patients. A total of 160 patients were enrolled in the study: 159,
153, 151, and 145 patients were included in the ITT, PP, MBE/ITT,

and MBE/PP populations, respectively (Fig. 2). Seven patients dis-
continued the study prematurely due to AEs (n � 2), death (n �
3), treatment refusal (n � 1), and use of a prohibited concomitant
medication (Rifafour for tuberculosis therapy; n � 1). Seven pa-
tients experienced one or more major protocol violations that
excluded them from the PP, MBE/ITT, and MBE/PP populations.
An additional eight patients were excluded from the MBE/ITT

TABLE 1 Baseline demographics and characteristicsa

Parameter

Isavuconazoleb Fluconazolec

Arm A Arm B Arm C Arm D Total

Treatment regimen 200/50 mg QD 400 mg weekly 400/100 mg QD 200/100 mg QD
Total no. of subjects 40 40 41 38 159

No. of subjects (%)
Gender

Male 33 (82.5) 32 (80.0) 34 (82.9) 33 (86.8) 132 (83.0)
Female 7 (17.5) 8 (20.0) 7 (17.1) 5 (13.2) 27 (17.0)

Race
White 1 (2.5) 0 0 0 1 (0.6)
Black 39 (97.5) 38 (95.0) 40 (97.6) 36 (94.7) 153 (96.2)
Other 0 2 (5.0) 1 (2.4) 2 (5.3) 5 (3.1)

Mean � SD
Age (yr) 39.8 � 8.2 40.0 � 7.1 39.1 � 8.4 40.2 � 7.9 39.8 � 7.9
Wt (kg) 55.5 � 8.7 58.4 � 10.7 57.7 � 11.1 53.8 � 7.7 56.4 � 9.7
BMI (kg/m2) 19.5 � 2.4 20.7 � 4.7 20.4 � 3.4 19.2 � 2.6 20.0 � 3.4

a That is, in an intent-to-treat (ITT) population. BMI, body mass index; QD, once daily.
b 200/50 mg QD, 200 mg on day 1 and then 50 mg once daily; 400 mg weekly, 400 mg on day 1 and then 400 mg once weekly; 400/100 mg QD, 400 mg on day 1 and then 100 mg
once daily.
c 200/100 mg QD, 200 mg on day 1 and then 100 mg once daily.

FIG 2 Study design. Arm A, oral isavuconazole at 200 mg on day 1; once-daily oral isavuconazole at 50 mg thereafter. Arm B, oral isavuconazole at 400 mg on
days 1, 7, and 14 and then day 21, if required. Arm C, oral isavuconazole at 400 mg on day 1 and once-daily oral isavuconazole at 100 mg thereafter. Arm D, oral
fluconazole at 200 mg on day 1 and then once-daily oral fluconazole at 100 mg thereafter. AE, adverse event.
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and MBE/PP populations due to insufficient microbiological evi-
dence of Candida spp. at baseline.

Baseline patient demographics and characteristics were similar
in all treatment arms in the ITT population (Table 1). Overall, 59
(37.1%) patients had HIV infection, 24 (15.1%) had pulmonary
tuberculosis, 13 (8.2%) had oral candidiasis, six (3.8%) had Pneu-
mocystis jirovecii pneumonia, five (3.1%) had tuberculosis, and
four (2.5%) had AIDS. The majority of patients in the PP popu-
lation had grade 1 dysphagia (n � 109, 71.2%), odynophagia (n �
101, 66.0%), and retrosternal pain (n � 87, 56.9%) (Table 2).
Most patients were also characterized as grade 1 (n � 78, 51.0%)
or grade 2 (n � 56, 36.6%) following endoscopic mucosal evalu-
ation (Table 2). Grades of clinical and endoscopic evaluations
were similar across treatment arms.

Baseline esophageal biopsy specimens showed that 75 (49.0%)
patients had histological evidence of candidiasis and 146 (95.4%)
patients had cytological evidence of candidiasis. In addition, 145
(94.8%) patients had a positive microbial culture, in which C.
albicans was the most commonly identified species (n � 140,
96.6%), followed by C. glabrata (n � 4, 2.8%) and C. tropicalis
(n � 1, 0.7%). Distribution of Candida spp. was similar across
treatment arms. The baseline MIC values of Candida isolates
obtained for isavuconazole were generally lower than those ob-
tained for fluconazole (Fig. 3). The isavuconazole and fluconazole
MIC ranges were comparable for C. albicans and non-albicans
Candida spp.

Study drug administration. The majority (n � 144; 90.6%) of
patients in the ITT population met the criteria for treatment du-
ration of 14 days. The median (range) treatment duration was 14
(3 to 15) days. Fifteen patients met the criteria for treatment du-
ration of 21 days. The median (range) treatment duration was 21
(14 to 21) days. Treatment duration was comparable between
treatment arms.

Efficacy. Overall, 146 (95.4%) patients in the PP population
achieved endoscopically confirmed clinical success at the EOT.
Statistical analysis demonstrated noninferiority between each of
the isavuconazole arms A (�0.5%; 95% CI � �10.0 to 9.4), B
(3.5%; 95% CI � �5.6 to 12.7), and C (�0.2%; 95% CI � �9.8 to
9.4), and arm D, i.e., the lower limits of the calculated 95% CIs for
each comparison were �–15%.

Therapeutic response at the EOT in the PP population was
positive in 147 (96.1%) patients. Positive therapeutic response
rates were comparable between treatment arms, i.e., 97.4% (arm
A), 97.5% (arm B), 94.7% (arm C), and 94.6% (arm D). Similar
therapeutic response rates were reported for the MBE/PP popula-
tion.

Microbiological response at the EOT was considered a success
in 138 (95.2%) patients in the MBE/PP population. Statistical
analysis showed noninferiority between arms A (�5.5%; 95%
CI � �13.2 to 2.1) and B (�5.3%, �12.7 to 2.1), and arm D.
However, the lower limit of the calculated 95% CI for isavucona-
zole treatment arm C was �–15% (�9.4%; 95% CI � �17.2 to

TABLE 2 Per-protocol patient baseline clinical evaluation and endoscopic evaluation grades

Condition and grade

No. of patients (%)a

Isavuconazoleb Fluconazolec

Arm A
(200/50 mg QD,
n � 38)

Arm B
(400 mg weekly,
n � 40)

Arm C
(400/100 mg QD,
n � 38)

Arm D
(200/100 mg QD,
n � 37)

Total
(N � 153)

Dysphagia
Grade 0 0 0 1 (2.6) 0 1 (0.7)
Grade 1 28 (73.7) 26 (65.0) 28 (73.7) 27 (73.0) 109 (71.2)
Grade 2 10 (26.3) 14 (35.0) 9 (23.7) 10 (27.0) 43 (28.1)
Grade 3 0 0 0 0 0

Odynophagia
Grade 0 0 0 0 0 0
Grade 1 23 (60.5) 25 (62.5) 29 (76.3) 24 (64.9) 101 (66.0)
Grade 2 15 (39.5) 15 (37.5) 9 (23.7) 12 (32.4) 51 (33.3)
Grade 3 0 0 0 1 (2.7) 1 (0.7)

Retrosternal pain
Grade 0 10 (26.3) 5 (12.5) 9 (23.7) 6 (16.2) 30 (19.6)
Grade 1 20 (52.6) 22 (55.0) 23 (60.5) 22 (59.5) 87 (56.9)
Grade 2 8 (21.1) 13 (32.5) 6 (15.8) 8 (21.6) 35 (22.9)
Grade 3 0 0 0 1 (2.7) 1 (0.7)

Endoscopic mucosal evaluation
Grade 1 22 (57.9) 17 (42.5) 22 (57.9) 17 (45.9) 78 (51.0)
Grade 2 11 (28.9) 19 (47.5) 13 (34.2) 13 (35.1) 56 (36.6)
Grade 3 3 (7.9) 3 (7.5) 3 (7.9) 7 (18.9) 16 (10.5)
Grade 4 2 (5.3) 1 (2.5) 0 0 3 (2.0)

a QD, once daily.
b 200/50 mg QD, 200 mg on day 1 and then 50 mg once daily; 400 mg weekly, 400 mg on day 1 and then 400 mg once weekly; 400/100 mg QD, 400 mg on day 1 and then 100 mg
once daily.
c 200/100 mg QD, 200 mg on day 1 and then 100 mg once daily.
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�1.6). When the comparison of microbiological response was
applied to the MBE/ITT population, only the isavuconazole treat-
ment arm B was not inferior to arm D.

Three (2.0%) patients in the ITT population experienced a
relapse by the 14-day follow-up evaluation, and eight (5.4%) pa-
tients experienced a relapse by the 28-day follow-up evaluation.
No patients in arm A or arm D (versus two [5.1%] patients in arm
B and one [2.7%] patient in arm C) were considered to have re-
lapsed at the 14-day follow-up evaluation. No patients in arm A
(versus three [7.7%] patients in arm B, two [5.4%] patients in arm

C, and three patients in arm D [8.6%]) were considered to have
relapsed at the 28-day follow-up evaluation.

Safety. A total of 91 (57.2%) patients experienced at least one
TEAE (Table 3). TEAEs were most common in patients in arm C
(n � 29, 70.7%), while similar numbers of patients in arms A (n �
22, 55.0%), B (n � 18, 45.0%), and D (n � 22, 57.9%) experienced
TEAEs. The most commonly reported TEAEs were influenza-like
illness (n � 10, 6.3%), urinary tract infection (n � 8, 5.0%), he-
maturia (n � 7, 4.4%), and pulmonary tuberculosis (n � 7, 4.4%).
Patients in arm C experienced a greater number of gastrointestinal

FIG 3 Baseline MICs of C. albicans and non-albicans Candida isolates in the MBE/ITT (A and C) and MBE/PP (B and D) populations. Non-albicans Candida
spp. include C. glabrata (n � 4) and C. tropicalis (n � 1). MBE/ITT, microbiological evaluation/intent to treat population; MBE/PP; microbiological evaluation/
per protocol population.

TABLE 3 Summary of patients who experienced adverse eventsa

Parameter

Isavuconazoleb Fluconazolec

Arm A Arm B Arm C Arm D

Treatment regimen 200/50 mg QD 400 mg weekly 400/100 mg QD 200/100 mg QD
Total no. of patients 40 40 41 38

No. of patients (%) with �1 TEAE 22 (55.0) 18 (45.0) 29 (70.7) 22 (57.9)
Mild 12 (30.0) 11 (27.5) 14 (34.1) 11 (28.9)
Moderate 11 (27.5) 9 (22.5) 18 (43.9) 13 (34.2)
Severe 1 (2.5) 1 (2.5) 3 (7.3) 5 (13.2)
Life-threatening 1 (2.5) 1 (2.5) 1 (2.4) 2 (5.3)
Drug related 7 (17.5) 4 (10.0) 11 (26.8) 7 (18.4)
Seriousd 1 (2.5) 2 (5.0) 3 (7.3) 4 (10.5)
TEAE leading to discontinuation 1 (2.5) 1 (2.5) 2 (4.9) 1 (2.6)

a That is, in an intent-to-treat (ITT) population. QD, once daily; TEAE, treatment-emergent adverse event.
b 200/50 mg QD, 200 mg on day 1 and then 50 mg once daily; 400 mg weekly, 400 mg on day 1 and then 400 mg once weekly; 400/100 mg QD, 400 mg on day 1 and then 100 mg
once daily.
c 200/100 mg QD, 200 mg on day 1 and then 100 mg once daily.
d Four serious TEAEs of pulmonary tuberculosis, pleural effusion, hepatic enzyme increased, and AIDS were experienced by one patient in arm D.
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disorders (n � 8, 19.5%; including diarrhea [n � 3, 7.3%], nausea
[n � 2, 4.9%], vomiting [n � 2, 4.9%], and gastritis [n � 2, 4.9%])
and infections (n � 17, 41.5%; including urinary tract infection
[n � 4, 9.8%] and gastroenteritis [n � 3, 7.3%]) than patients in
arms A (gastrointestinal: n � 3, 7.5%; infections: n � 11, 27.5%),
B (gastrointestinal: n � 2, 5.0%; infections: n � 7, 17.5%), and D
(gastrointestinal: n � 5, 13.2%: infections: n � 6, 15.8%).

Twenty-nine (18.2%) patients experienced at least one drug-
related TEAE (Table 3). The most commonly reported drug-re-
lated TEAEs were anemia (n � 5, 3.1%), diarrhea (n � 4, 2.5%),
and nausea (n � 3, 1.9%). More patients in arm C (n � 11, 26.8%)
experienced drug-related TEAEs, than in arms A (n � 7, 17.5%), B
(n � 4, 10.0%), or D (n � 7, 18.4%). Gastrointestinal disorders
(including diarrhea) were more common in arm C than in treat-
ment arms A, B, and D, i.e., n � 5, 12.2% (C) versus n � 1, 2.5%
(A), n � 2, 5.0% (B), and n � 2, 5.3% (D).

Ten (6.3%) patients experienced an SAE (Table 3). Three
(1.9%) patients experienced SAEs that were considered drug re-
lated: two (4.9%; atrioventricular block and tuberculous pleurisy)
in arm C and one (2.6%; moderate to severe increases in liver
enzymes) in arm D.

Five (3.1%) patients experienced TEAEs that led to discontin-
uation of the study (Table 3). One patient in arm C with HIV
infection and no other medical history experienced an SAE of mild
second degree atrioventricular block on day 14, and isavuconazole
treatment was discontinued. This patient had a pretreatment ECG
rhythm that was considered abnormal with flat, smooth, and
slightly bifid T-waves in the anteroseptal leads. On day 14, the
bifid T-waves increased and a U-wave appeared; the corrected QT
interval (QTc) was 458 ms, which was reported as no major QTc
change from baseline. ECG rhythm analysis showed normal sinus
rhythm with a morphology of second degree (Mobitz II) atrioven-
tricular block with T-wave inversions. The SAE resolved on day 28
without treatment and was considered to be probably related to
isavuconazole treatment.

One patient in arm C with active HIV infection and oral can-
didiasis experienced an SAE of tuberculous pleurisy on day 4. This
patient was admitted to hospital on day 3 of treatment because of
abdominal pain and dyspnea. Tuberculosis was suspected as the
cause of ascites but was not confirmed, and the patient died the
next day before planned antituberculosis treatment was initiated.
The study investigator considered this SAE to be life-threatening
in intensity and considered the death to be remotely related to
isavuconazole treatment. All other AEs associated with study dis-
continuation were considered unrelated to either study drug.

There were five deaths during the study and follow-up period
due to pulmonary tuberculosis (arm A), meningitis tuberculous
(arm B), tuberculous pleurisy (arm C), diarrhea (arm D), and
AIDS (arm D; n � 1 each). Most deaths were considered unrelated
to study drug administration, except for the instance of tubercu-
lous pleurisy, which was considered remotely related to isavu-
conazole treatment.

DISCUSSION

This trial compared the efficacy and safety of three different dos-
ing regimens of oral isavuconazole with an approved once-daily
oral fluconazole dosing regimen in patients with uncomplicated
esophageal candidiasis. The majority of patients enrolled in this
trial had grade 1 or 2 dysphagia, odynophagia, and retrosternal
pain and were categorized as grade 1 or higher in endoscopic mu-

cosal evaluations. The causative organism in almost all patients
was C. albicans, which is consistent with earlier trials of triazole
efficacy in esophageal candidiasis (3–6, 26, 27). The majority of
Candida isolates displayed a greater susceptibility to isavucona-
zole than to fluconazole, which is consistent with previous in vitro
studies (28, 29).

The results of this trial demonstrated that once-daily oral isa-
vuconazole at 50 and 100 mg were not inferior to once-daily flu-
conazole at 100 mg for primary treatment of esophageal candidi-
asis. The endoscopic cure rate was �95% for each of these dosing
regimens, and statistical analysis indicated that these rates were
comparable between the isavuconazole and fluconazole treatment
arms. These findings are in agreement with previous studies of
fluconazole efficacy, which have shown that dose regimens of
once-daily fluconazole at 100 and 200 mg are associated with en-
doscopic cure rates of �90% (3–6, 26, 27).

Once-weekly isavuconazole at 400 mg also demonstrated com-
parable efficacy with fluconazole. The endoscopic cure rate for
this dose regimen was �98% and was not inferior to that of flu-
conazole. This finding suggests that weekly, high doses of isavu-
conazole may be a promising alternative to conventional once-
daily dose regimens.

Overall, therapeutic and microbiological responses were also
high in all treatment arms. The rates of positive therapeutic re-
sponses were �96% and the rates of eradication of Candida sp.
infections were between 91 and 100%. Statistical testing revealed
that the dose regimens used in arm A (isavuconazole at 50 mg once
daily) and arm B (isavuconazole at 400 mg once weekly) were not
inferior to the regimen used in arm D (fluconazole at 200 mg once
daily) to eradicate Candida sp. infections.

Relapse rates in the current study were low and comparable
with existing studies (4–6). At the 28-day follow-up assessment,
no patients were considered to have relapsed in treatment arm A.
The relapse rates were 7.7, 5.4, and 8.6% in arms B, C, and D,
respectively; however, if patients missed follow-up visits, they
were also classed as treatment failures, which may have affected
these rates.

Each of the three isavuconazole dosing regimens was generally
well tolerated in patients with esophageal candidiasis. The more
common drug-related AEs were anemia, diarrhea, and nausea.
Each of these AEs occurred in similar numbers across the treat-
ment arms, and there was little difference between isavuconazole
and fluconazole therapy.

Two patients discontinued the study due to AEs that were po-
tentially related to isavuconazole treatment. Second-degree atrio-
ventricular block in one patient was considered probably related
to isavuconazole treatment, and tuberculosis on pleural tap in one
patient was considered remotely related to isavuconazole treat-
ment. Five patients died during the study and follow-up period.
Four out of five deaths were unrelated to isavuconazole, and one
death, due to tuberculosis on pleural tap, was considered remotely
related to isavuconazole therapy.

The fluconazole dosing regimen used in the present study was
lower than currently recommended by the Infectious Diseases So-
ciety of America (IDSA) for primary treatment of esophageal can-
didiasis. The 2009 IDSA guidelines recommend fluconazole at 200
to 400 mg daily for 14 to 21 days (7). However, IDSA guidelines at
the time of the study recommended fluconazole at 100 to 200 mg
daily for 14 to 21 days (30). In addition, the fluconazole dose
regimen currently approved by the U.S. Food and Drug Adminis-
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tration is 200 mg on day 1 and then 100 mg daily thereafter; there-
fore, this regimen was used in the present study (24). No formal
power calculation was conducted as part of this trial, which was
also a limitation.

In conclusion, this randomized, double-blind clinical trial has
demonstrated that the efficacy and safety of once-daily and once-
weekly oral isavuconazole treatment regimens were comparable
to once-daily oral fluconazole in the primary treatment of uncom-
plicated esophageal candidiasis.
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