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1. Introduction

Astellas Pharma US, Inc. (the Applicant) has submitted NDAs 207500 and 207501 for 
CRESEMBA (isavuconazonium sulfate) Capsules and Powder for Injection, respectively.  
Isavuconazonium sulfate is a prodrug of isavuconazole and is a member of the azole class of 
antifungal drugs.  Following administration, isavuconazonium sulfate is rapidly hydrolyzed to 
isavuconazole by esterases.  

The mechanism of action of isavuconazole is similar to other drugs of the azole class and 
involves the inhibition of the cytochrome P450 sterol 14 α-demethylase enzyme, which has a role 
in the synthesis of ergosterol, a component of the fungal cell membrane.  Depletion of ergosterol 
is known to disrupt the structure and function of the fungal cell membrane, including 
accumulation of toxic sterol intermediates, leading to inhibition of fungal growth. 

The proposed indication is treatment of invasive aspergillosis and treatment of invasive 
mucormycosis.  The currently approved therapies for invasive aspergillosis include different 
formulations of amphotericin B, itraconazole, voriconazole, and caspofungin.  The only drug 
approved for the treatment of invasive mucormycosis is amphotericin B.  Both of these serious 
fungal diseases are rare and generally occur in immune suppressed patients in the U.S. A 
prospective surveillance study conducted at 23 transplant centers in the U.S. between 2001 and 
2006 prospectively enrolled and followed 16,200 patients receiving a hematopoietic stem cell 
transplant.  The 12 month cumulative incidence for invasive aspergillosis was 1.6% and 
approximately 0.3% for invasive mucormycosis.1  The incidence for both diseases is somewhat 
lower in solid organ transplant patients.2 Isavuconazonium sulfate received orphan drug 
designation for both proposed indications.  

Each CRESEMBA capsule contains 186 mg isavuconazonium sulfate (equivalent to 100 mg of 
isavuconazole).  CRESEMBA powder for injection is supplied in a single-dose vial containing 
372 mg isavuconazonium sulfate (equivalent to 200 mg isavuconazole).

The proposed dosing regimen is:
Loading Dose: 372 mg isavuconazonium sulfate (equivalent to 200 mg of isavuconazole) every 8 
hours for 6 doses (48 hours) via oral (2 capsules) or intravenous administration (1 reconstituted 
vial).
Maintenance Dose: 372 mg isavuconazonium sulfate (equivalent to 200 mg of isavuconazole) 
once daily via oral (2 capsules) or intravenous administration (1 reconstituted vial) starting 12 to 
24 hours after the last loading dose.

The efficacy review for this NDA relies upon the results of two Phase 3 studies, a randomized 
trial comparing isavuconazonium sulfate to voriconazole for the treatment of patients with 
invasive aspergillosis (trial 9766-CL-0104), and a single arm trial in patients with invasive fungal 
disease including invasive mucormycosis (trial 9766-CL-0103).   

                                                
1

Kontoyiannis DP, Marr KA, Park BJ et al. Prospective Surveillance for Invasive Fungal Infections
in Hematopoietic Stem Cell Transplant Recipients, 2001–2006: Overview of the Transplant-Associated
Infection Surveillance Network (TRANSNET) Database. Clin Inf Dis 2010;50: 1091-1100.

2
Park BJ, Pappas PG, Wannemuehler KA et al. Invasive Non-Aspergillus Mold Infections in Transplant 

Recipients, United States, 2001–2006.   Emerg Infect Dis 2011;10:1855-64.
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The review team has reviewed issues pertinent to their respective disciplines with regard to the 
safety and efficacy of isavuconazonium sulfate for the indications proposed.  For a detailed 
discussion of NDAs 207500 and 207501, the reader is referred to individual discipline specific 
reviews, the Cross-Discipline Team Leader Review, and the Division Director Review.

2. Background/Regulatory

Isavuconazonium sulfate was developed under IND 72593 for the powder for injection dosage 
form.  The IND was originally owned by Basilea Pharmaceuticals and subsequently by Astellas 
Pharma US, Inc. IND 119307 was also in effect for the capsule dosage form.  A series of 
meetings were held between the Applicant and the Agency regarding the development of 
isavuvonazonium sulfate. The design of trial 9766-CL-0104 was discussed extensively, and the 
Applicant and Agency agreed on the design in 2006. In addition to orphan drug designation noted 
above, the products received qualified infectious disease product (QIDP) designation for the 
treatment of invasive aspergillosis and for the treatment of invasive mucormycosis.  As 
isavuconazonium sulfate has QIDP designation for the submitted indications, these NDAs 
received a priority review. 

This would be the first marketing approval world-wide for isavuconazonium sulfate.

3. Chemistry Manufacturing and Controls / Product Quality Microbiology

For the capsule dosage form, the reviewers concluded that the Applicant had provided sufficient 
information to assure the identity, purity, strength, and quality of the drug product, and the 
stability data provided supports the proposed expiration dating period of 30 months.  The 
Biopharmaceutics reviewer concluded that the dissolution method and acceptance criterion for 
isavuconazonium sulfate capsules were acceptable for batch release and stability testing and 
recommended approval.

For the powder for injection dosage form, the reviewers concluded that the Applicant had 
provided sufficient information to assure the identity, purity, strength, and quality of the drug 
product.  The powder for injection is a sterile lyophilized product in a vial containing a single 
dose of isavuconazonium sulfate 372 mg.  The reviewers concluded that the stability data support 
the proposed shelf life of 24 months for the drug product when stored in a refrigerator. The 
Product Quality Microbiology reviewer found the sterility controls acceptable and recommended 
approval.  The powder for injection is to be administered by intravenous infusion after 
reconstitution with 5 mL of water for injection and further dilution with 0.9% saline or 5% 
dextrose solution.  The reconstituted solution may be stored for up to 1 hour prior to preparation 
of the infusion solution.  The prepared (diluted) solution should be kept not more than 6 hours at 
room temperature or 24 hours stored at 2°-8° C.

A safety issue discussed in the course of the review was that a white precipitate was observed to 
form during preparation of the solution for intravenous administration when the reconstituted 
solution was mixed with either 0.9% saline or 5% dextrose solution.  The precipitate was 
conclusively identified as isavuconazole. The reviewer noted that isavuconazole levels in the drug 
substance and drug product cannot be lowered any further due to the poor solubility of 
isavuconazole in aqueous media. The reviewer also noted that neither the precipitate nor the 
removal of the precipitate with an inline filter will affect the efficacy of the drug product based on 
data obtained at maximum in-use storage times and after filtration. The Applicant provided data 
to demonstrate that there was  with filters of two sizes (0.2 µm and 1.2 
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µm). Compatibility was also demonstrated between the drug product and two different types of 
in-line filters. During clinical trials, the product was administered through an in-line filter. The 
Dosage and Administration section (2.0) of the prescribing information includes a statement that 
the product should be administered using an inline filter. The Warnings and Precautions section 
of the prescribing information includes a warning regarding particulates and states that the 
product is to be administered through an in-line filter.  I conclude that this safety concern can be 
adequately mitigated with labeling and use of an in-line filter.

Manufacturing site inspections were completed and all manufacturing sites were deemed 
acceptable.

Following discussions with the review team, the Applicant, and senior leadership of the Office of 
Pharmaceutical Quality and the Office of New Drugs, it was agreed to use isavuconazonium 
sulfate as the established name with the strength of isavuconazonium sulfate expressed  

  A statement with the isavuconazole equivalent strength would be prominently 
included in the carton and container labeling as well as the prescribing information.  I conclude 
that this decision is consistent with statute and is most likely to reduce the risk of medication 
error.  The review team and senior leadership agreed that this exception to the USP Salt Policy is 
justified to reduce the risk of medication error.  

In summary, the particulate risk for the intravenous dosage form can be mitigated through use of 
an in-line filter and labeling, the decision regarding the established name and strength labeling is 
appropriate to reduce the risk of medication error, and there are no outstanding 
CMC/pharmaceutical quality issues precluding approval. 

4. Non-Clinical Pharmacology Toxicology

The Pharmacology-Toxicology reviewer stated that the nonclinical toxicology program was 
adequate to support marketing, and there are no nonclinical pharmacology or toxicology data that 
preclude approval.  

                                                
3 See: 21 U.S.C. §352(e)(1)(A)(ii)
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isavuconazonium sulfate for the primary treatment of invasive fungal disease caused by 
Aspergillus species in patients with renal impairment, or caused by rare filamentous fungi. The 
trial enrolled a total of 149 patients, with 24 patients assessed by the DRC as having only an 
Aspergillus infection.  Twenty of these 24 patients were renally impaired.  The all-cause mortality 
rate through Day 42 was 12.5% for all patients with invasive aspergillosis and 15% for those with
invasive aspergillosis who were renally impaired.  Although the number of patients is small, the 
results including those of renally impaired patients are similar to those observed in trial 9766-CL-
0104.

Invasive aspergillosis is an orphan disease. The conduct of a randomized active comparator trial 
such as trial 9766-CL-0104 is challenging, and acceptance of a single trial with supportive 
evidence seems appropriate in this case.  I conclude that the robust results of trial 9766-CL-0104 
supported by the efficacy results for the Aspergillus infection subgroup of trial 9766-CL-0103
provide substantial evidence of efficacy for the treatment of invasive aspergillosis. 

Invasive Mucormycosis

The Statistical reviewer, Clinical reviewer, CDTL, and Division Director all concluded that there
is adequate evidence of efficacy for the treatment of invasive mucormycosis. 

The primary evidence to support efficacy for the treatment of invasive mucormycosis was based 
on the single arm open-label trial 9766-CL-0103. As described above, the study enrolled a total of 
149 patients, and 46 of these had invasive mucormycosis.  Of these 46 patients with 
mucormycosis, 37 were assessed by the DRC as having proven or probable invasive 
mucormycosis infection only and constitute the mITT-Mucorales subgroup, the subgroup which 
is the focus of the mucormycosis efficacy review.  Of these 37 patients in the mITT-Mucorales 
subgroup, 21 received isavuconazonium sulfate as primary therapy.  An additional 16 patients 
received isavuconazonium sulfate as second line or salvage therapy after progression of disease 
on initial therapy (11 “refractory”) or after failing to achieve therapeutic drug levels or 
experiencing an adverse drug reaction on initial therapy (5 “intolerant”).  DRC-assessed overall 
response was specified as the primary endpoint in the protocol. However, both the Applicant and 
the Agency agreed that day 42 mortality was the most relevant primary endpoint because it was 
consistent with trials of other antifungal drugs and allowed for comparison with historical 
controls.

For the mITT-Mucorales subgroup, the all-cause mortality rate through Day 42 was 37.8% with 
an exact 95% CI of (22.5%, 55.2%). The Day 84 all-cause mortality rate was 43.2% (95% CI 
27.1, 60.5). The DRC assessed overall response at EOT was 31.4% with an exact 95% CI of 
(16.9%, 49.3%).  

The review team sought to identify an appropriate historic control group for the mITT-Mucorales 
subgroup of trial 9766-CL-0103.  In a published case series of 929 cases of invasive 
mucormycosis diagnosed during the years 1940-2003, Roden and colleagues noted a mortality 
rate of 97% (233/241) in those who received no treatment.5 However, 92% of the cases were 
diagnosed with invasive mucormycosis post-mortem.  Skiada and colleagues published a case
series of 230 cases of invasive mucormycosis diagnosed during the years 2005-2007 in Europe, 

                                                
5

Roden MM, Zaoutis TE, Buchanan WL, et al. Epidemiology and outcome of zygomycosis: a review of 
929 reported cases. Clin Infect Dis 2005;41(5):634-53.
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with 4% of cases diagnosed post-mortem.6 They reported that 21/22 (95%) untreated patients did 
not survive.  While the high proportion of autopsy diagnoses in the Roden case series is a 
significant limitation, the mITT-Mucorales subgroup of trial 9766-CL-0103 had more patients 
with malignancy and/or bone marrow transplant than the Roden or Skiada case series which may 
increase the mortality risk for the trial 9766-CL-0103 patients.  (see Table 1).  

Table 1: Comparative Underlying Patient Diagnoses in Mucormycosis Populations
Source Table 29, Clinical Review, NDA 207500 and 207501

Trial 9766-CL-
0103 mITT 
Mucorales 
Subgroup

Skiada et al.
Case Series

Roden et al. Case 
Series

Hematologic Malignancy 22/37 (59%) 102/230 (44%) 154/929 (17%)*

Neutropenia at baseline 10/37 (43%) N/D N/D

BMT 13/37 (35%) 21/230 (9%) 44/929 (5%)

Diabetes mellitus 4/37 (11%) 39/230 (17%) 337/929 (36%)

Solid Organ Transplant 3/37 (8%) 10/230 (4%) 61/929 (7%)

Solid Organ Malignancy 2/37 (5%) 11/230 (5%) N/D*

Other 3/37 (8%)

Aplastic Anemia 1/37 (3%) 4/230 (2%) N/D

No Underlying Disease 1/37 (3%) 0/230 (0%) 176/929 (19%)

Burn/Trauma 0/37 (0%) 46/230 (20%) 43/176 (24%)

*Malignancy not differentiated between solid organ and hematologic in the Roden et al case series

The Applicant also provided analyses based on the Fungiscope Registry, a global web-based 
database, coordinated by the Clinical Trials Centre at the University of Cologne, Germany. The 
database includes more than 150 cases of invasive mucormycosis diagnosed and treated between 
2003 and 2013. There were 29 patients in the database with invasive mucormycosis who did not 
receive appropriate therapy and all died by day 42.  The autopsy diagnosis rate was not reported. 

An additional contemporary case series was published by Chamilos et al.7  The authors reviewed 
the medical records of consecutive patients at the MD Anderson Cancer Center with hematologic 
malignancies, including hematopoietic stem cell transplant recipients, who had proven or 
probable invasive mucormycosis during the period 1989-2006.  All patients were alive at the time 
of diagnosis. Seventy patients who had received initial amphotericin based treatment were 
included in the case series.  Six days after the onset of symptoms to the initiation of amphotericin 
based treatment was identified as the mortality breakpoint between early treatment and delayed 
treatment, with 35 patients in each group.   The delayed treatment group had a 2-fold increase in 
mortality rate at 12 weeks after diagnosis (82.9%), compared with early treatment (48.6%).   

                                                
6 Skiada A, Pagano L, Groll A, et al. Zygomycosis in Europe: analysis of 230 cases accrued by the registry 
of the European Confederation of Medical Mycology (ECMM) Working Group on Zygomycosis between 
2005 and 2007. Clin Microbiol Infect 2011; 17(12):1859-67.
7 Chamilos G, Lewis RE, Kontoyiannis DP. Delaying amphotericin B-based frontline therapy significantly 
increases mortality among patients with hematologic malignancy who have zygomycosis. Clin Infect Dis
2008;47:503-9.
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The mortality rate in the delayed treatment group in the Chamilos et al. case series could be 
considered a conservative estimate of the untreated control mortality rate.  For the mITT-
Mucorales subgroup of trial 9766-CL-0103 receiving primary therapy with isavuconazonium 
sulfate, the upper limit of the 95% CI for day 84 all-cause mortality is below the lower bound of 
the 95% CI for the mortality 12 weeks after diagnosis for the 6-day delayed treatment group in
the Chamilos et al. case series. (see Table 2)  While all the patients in Chamilos et al. case series 
had hematologic malignancy, the day 84 all-cause mortality rate for the patients with hematologic 
malignancy in the mITT-Mucorales subgroup of trial 9766-CL-0103 of 41% (9/22) [95% CI 20.4, 
61.5] was similar to the mortality rate for the primary therapy patients in this trial, and the upper 
bound of the 95% CI is also below the lower bound of the 95% CI for the 6-day delayed 
treatment group  in the Chamilos et al. case series.

Table 2: Cross-Study Comparison of Mortality Rates 
Source Table 40 Clinical Review, NDA 207500 and 207501

Trial 9766-
CL-0103 

mITT 
Mucorales 
Subgroup 

Trial 9766-
CL-0103 

mITT 
Mucorales 
Subgroup 
(primary 
therapy)

Chamilos et al. 
Case Series

Delayed Therapy 
Subgroup

(mortality at 12 
weeks after 
diagnosis)

Day 42* 14/37 (37.8%)
[95% CI 22.5, 55.2]

7/21 (33.3%)
[95% CI 14.6, 57.0] 82.9%

[95% CI 68.9, 96.8]Day 84 16/37 (43.2%)
[95% CI 27.1, 60.5]

9/21 (42.9%)
[95% CI 21.8, 66.0]

*One patient with unknown survival status at day 42 was presumed dead
All confidence intervals were calculated using exact binomial method.
.

Invasive mucormycosis is a very rare orphan disease.  The conduct of a randomized control trial 
would not be feasible.  I conclude that the case series from the published literature discussed 
above provide an adequate historical control estimate for the mortality rate associated with no 
treatment. While there are limitations with respect to differences in patient characteristics 
between groups, the mortality rate associated with no treatment is high and predictable.  The data 
strongly supports the conclusion that the treatment effect of isavuconazonium sulfate is superior 
to no treatment.  Therefore, acceptance of a historic control is appropriate in this circumstance, 
and trial 9766-CL-0103 is an adequate and well-controlled trial meeting the provisions of 
21CFR§314.126(b)(2)(v).  I find that the robust results of the randomized control trial 9766-CL-
0104 provide important supportive evidence by demonstrating the efficacy of isavuconazonium 
sulfate in the treatment of another invasive fungal disease.  In summary, substantial evidence of 
efficacy for isavuconazonium sulfate for the treatment of invasive mucormycosis has been 
provided.

A limitation of trial 9766-CL-0103 is that a number of species in the order Mucorales are known 
to cause invasive mucormycosis, and some were not isolated from patients enrolled in the trial.  A 
limitation of trial 9766-CL-0104 is that patients with infections caused by non-fumigatus 
Aspergillus species were few. The Applicant has agreed to a Post-Marketing Commitment (PMC)
to establish a registry to collect and analyze clinical efficacy-related outcome data for patients 
treated with isavuconazonium sulfate who have invasive mucormycosis or infection with non-
fumigatus Aspergillus species.
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8. Safety

The Clinical reviewer, CDTL, and Division Director all concluded that there were no safety 
issues precluding approval. 

The safety database of 1,692 subjects exposed to isavuconazonium sulfate includes 1,145 healthy 
volunteers from 40 Phase 1 studies, 144 patients in the Phase 2 trials, and 403 patients in the 
Phase 3 trials. The mean duration of exposure was 59.9 days.

In trial 9766-CL-0104, there were no imbalances between isavuconazonium sulfate and 
voriconazole in mortality or overall SAEs.  

Hepatic TEAEs were reported in 23/257 (8.9%) isavuconazonium sulfate treated patients 
compared to 42/259 (16.2%) voriconazole-treated patients. The three hepatic SAEs reported in 
the isavuconazonium sulfate arm were hepatitis, acute hepatitis, and cholecystitis, and one of 
these had no apparent risk factor other than isavuconazonium sulfate exposure.  In the combined 
Phase 2 and Phase 3 safety population, 5/535 (0.9%) isavuconazonium sulfate treated patients 
satisfied the laboratory criteria for Hy’s Law. All cases had alternative etiologies such as 
concurrent sepsis, multi-organ failure, and concurrent use of other hepatotoxic drugs.

In trial 9766-CL-0104, potential anaphylaxis and severe cutaneous reactions were reported in 
1.9% of patients in both treatment arms. In Trial 9766-CL-0104, potential infusion-related serious 
TEAEs were reported in 10.1% of patients in the isavuconazonium sulfate arm compared to 6.9% 
in the voriconazole arm.

Twenty-one patients in trial 9766-CL-0104 and six patients in trial 9766-CL-0103 were 
inadvertently administered intravenous isavuconazonium sulfate without an in-line filter. No 
embolic or thromboembolic AEs were reported in these patients.

Hepatic adverse drug reactions, infusion-related reactions, hypersensitivity reactions, and the 
need to administer isavuconazonium sulfate through an in-line filter are included as warnings in 
the Warnings and Precautions section of the prescribing information. 

A randomized, double-blind, placebo and active-controlled thorough QT (TQT) study was 
performed.  The study enrolled 160 subjects who received oral isavuconazonium sulfate 
(equivalent to 200 mg and 600 mg of isavuconazole), placebo, and a single oral dose of 
moxifloxacin 400 mg.  No clinically relevant prolongation of the QT interval was observed, 
however a dose-and-concentration related shortening of the QTc interval was observed.  The 
Contraindications section (4) of the prescribing information includes a statement about QTc 
interval shortening and use of isavuconazonium sulfate is contraindicated in patients with 
Familial Short QT syndrome.

I conclude that risks can be adequately mitigated through labeling, and there are no safety 
concerns that preclude approval. 

9. Advisory Committee Meeting 

These NDAs were discussed by the Anti-Infective Drugs Advisory Committee on January 22, 
2015.  
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challenging situation.  I agree with the perspective of the Division Director who states, “The 
circumstances surrounding this product pose unique challenges, based on information already 
available in the medical literature and the fact that the drug is an azole antifungal drug. Hence, it 
is important to include information about the equivalent amounts of isavuconazole in relevant 
sections of labeling. The reason for greater emphasis on dosing based on the reconstituted vial 
was to obviate any potential for administering a fraction of the vial based on isavuconazole doses 
and to emphasize that the entire contents of the single-dose vial should be administered.”  Post-
marketing, we will monitor the FAERS system and other sources for reports of medication error 
and work with the sponsor to modify labeling if warranted. 

13. Decision/Action/Risk Benefit Assessment 

Regulatory Action: Approval

Risk Benefit Assessment: 

Isavuconazonium sulfate is a new azole antifungal drug available in both oral and intravenous 
formulations.  Adverse drug reactions observed in clinical trials included serious hepatic adverse 
drug reactions similar to other drugs in this class, infusion-related and hypersensitivity reactions, 
and drug interactions related to CYP3A4 metabolism.  Embryo-fetal toxicity was observed in 
animals.  The intravenous formulation may form insoluble particulates following reconstitution; 
the intravenous formulation must be administered through an in-line filter.

Invasive aspergillosis is a life-threatening infection.  Isavuconazonium sulfate provides an 
additional treatment option for this infection with both intravenous and oral formulations, and the 
adverse drug reaction risks are reasonable in light of the seriousness of the disease. The evidence 
of efficacy is based primarily on robust results of a randomized controlled non-inferiority trial 
described in Section 7 of this Memo.  The benefit risk is favorable for the approval of 
isavuconazonium sulfate for the treatment of invasive aspergillosis.

Invasive mucormycosis is a rare life-threatening infection which requires a prolonged course of 
treatment, particularly for immune suppressed patients.  The only approved treatment is 
intravenous amphotericin B, which has common and serious associated adverse drug reactions, 
including renal toxicity.  Based on clinical trial data which did not provide for a direct 
comparison with amphotericin B, isavunconazonium sulfate likely will be associated with less 
common and less severe adverse drug reactions. In addition, the oral formulation will provide a 
useful option for physicians and patients when prolonged treatment is required. The evidence of 
efficacy is based primarily on the results of a small historically controlled single-arm trial.  The 
rationale for my conclusion that there is substantial evidence of efficacy is detailed in Section 7 of 
this Memo. I conclude that the benefit risk favors the approval of isavuconazonium sulfate for the 
treatment of invasive mucormycosis, and that this approval is consistent with regulations 
regarding drugs to treat life-threatening and severely debilitating illnesses at 21CFR§312.84.

Post-marketing Risk Evaluation and Mitigation Strategies:
None

Postmarketing Requirements and Commitments:

The Applicant has agreed to the following PMRs: 
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Conduct a prospective study over a five-year period to determine if decreased susceptibility 
to Cresemba (isavuconazonium sulfate) is occurring in the target population of organisms that 
are in the approved Cresemba (isavuconazonium sulfate) label.

Conduct a two-year mouse carcinogenicity study.

Conduct a two-year rat carcinogenicity study.   

The Applicant has agreed to the following PMC: 

Establish a registry to collect and analyze clinical efficacy-related outcome data on patients 
treated with isavuconazonium sulfate who have invasive mucormycosis or infection with 
non-fumigatus Aspergillus species.

Exclusivity:
Isavuconazonium sulfate has been granted QIDP designation.  Isavuconazonium sulfate will be 
approved for the treatment of invasive aspergillosis  and invasive mucormycosis, the same 
indications identified in the QIDP designation letters of November 8, 2013 and February 7, 2014 
respectively.  Isavuconazonium sulfate has not previously received a 5-year GAIN exclusivity 
extension.  Therefore, the criteria for the 5-year GAIN exclusivity extension under section 
505E(a) of the Act are met.
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