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1.  Benefit-Risk Assessment 

1.1  Recommendation on Regulatory Action 
   
This reviewer recommends regular approval of Rydapt (midostaurin) for the following 
indications: 
 

For the treatment of adult patients with aggressive systemic mastocytosis (ASM), systemic 
mastocytosis with associated hematological neoplasm (SM-AHN), or mast cell leukemia 
(MCL). 

 
In combination with standard cytarabine and daunorubicin induction and cytarabine 
consolidation chemotherapy, for the treatment of adult patients with newly diagnosed acute 
myeloid leukemia (AML) who are FLT3 mutation-positive, as detected by a FDA approved 
test. 

 
Limitations of Use - Rydapt is not indicated as a single agent therapy for the treatment of 
patients with clinically overt AML.  

 
A postmarketing requirement for assessment of risks for fetal harm is also recommended.  

1.2  Benefit-Risk Framework 
 
1.2.1 Treatment of SM 

Table 1. Benefit-Risk Framework - Treatment of SM 

Dimension Evidence and Uncertainties  Conclusions and Reasons  

Analysis of 
Condition

The median OS is 3.5 yrs for ASM, 2 years for SM-AHN, 
and < 6 mos for MCL.  

ASM, SM-AHN and MCL are fatal 
diseases 

Current
Treatment 
Options

Imatinib is approved only for ASM without the KIT 
D816V mutation. 
There are no approved therapies for ASM with the KIT 
mutation, or for SM-AHN or MCL. 
With off-label use of cladribine or interferon-alpha, some 
level of clinical improvement or response was reported for 
43-60% of patients with ASM and 45-55% for SM-AHN, 
albeit reduction in tumor burden was infrequent.  
There are no effective therapies for MCL 

New treatments are urgently needed 
for patients with ASM, SM-AHN or 
MCL. 
It would be optimal if a new 
effective treatment was less toxic 
than the drugs used currently.  
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Table 1. Benefit-Risk Framework - Treatment of SM 

Dimension Evidence and Uncertainties  Conclusions and Reasons  

Benefit

D2201 was a single-arm trial of midostaurin 100 mg bid 
for treatment of ASM, SM-AHN and MCL. 
89 subjects were evaluable by mValent criteria and 115 
subjects were evaluable by IWG-MRT criteria.  A 
substantial reduction in tumor burden was considered a 
clinically meaningful response. 
For ASM, responses were reported for 38% and 31%, 
respectively for the two types of response criteria. 
For SM-AHN, response rates were 16% and 11%, 
respectively. 
One of 21 subjects with MCL had a complete remission.  
Responses were durable.  

Midostaurin is effective for treatment 
of ASM, SM-AHN and MCL.  

Risk 

Safety was evaluated in a pool of 142 patients with SM. 
The most common ARs (  20%) were nausea, vomiting, 
diarrhea, constipation, abdominal pain, edema, fatigue, 
upper respiratory tract infection, pyrexia, arthralgia, 
headache, and dyspnea. 
56% of patients had dose modifications for toxicity, most 
commonly due to nausea, vomiting, QT prolongation, and 
neutropenia. 
21% discontinued treatment due to AEs. 
Most dose modifications occurred in the first 3 months  
The clinical development program did not include a dose-
finding study, so it is not clear that 100 mg bid is optimal 
for safety 
The TQT study did not assess QT prolongation at the time 
of maximal exposure, so QT effects are unknown.  

The safety profile is largely 
acceptable for the intended 
population. 
There was a very high rate of nausea. 
There was a high rate of dose 
modifications early in treatment. 
Tolerability may be an issue for 
compliance.  

Risk
Management

Nausea and vomiting could be controlled in part by use of 
prophylactic antiemetics. 
Serious toxicities were mitigated by frequent monitoring 
and dose modifications. 

The PI should include  
instructions for prophylactic 
antiemetics 
frequent monitoring for adverse 
reaction with intent to modify the 
dose at the earliest possible time 
recommended QT monitoring for 
patients taking QT-active drugs 
concurrently 

 
The current standard of care for treatment of ASM and SM-AHN provide for some reduction in 
associated disease manifestations but little reduction in tumor burden.  There are no effective 
treatments for MCL.  CR+ICR by modified Valent criteria as well as CR+PR by IWG-MRT 
criteria represent reductions in tumor burden, and in D2201, there were clear and durable 
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responses of this type for patients with ASM or SM-AHN treated with midostaurin.  Although 
there was only one subject with the very rare MCL who achieved a CR, efficacy is supported by 
the activity seen in the related ASM or SM-AHN.  The very durable responses in this population 
and corroborating results in a second independent trial merit the recommendation for regular 
approval for these rare diseases.  The safety profile is largely acceptable for this population, but 
safe use will likely require some controls to ensure that serious toxicities can be mitigated, and 
this can be accomplished with appropriate labeling.  Overall, with the mitigation strategies in 
place, the potential for benefit outweighs the risks.  
 
1.2.2 Treatment of AML 

Table 2. Benefit-Risk Framework 

Dimension Evidence and Uncertainties  Conclusions and Reasons  

Analysis of 
Condition

The median survival of patients with AML is 2 mos. AML is a fatal disease. 

Current
Treatment 
Options

The current standard of care is combination chemotherapy 
for induction and consolidation.   
HSCT is used postremission to improve survival. 
For patients with FLT3+ AML, estimated median survival 
with treatment was 16 mos; long-term survival was <30%.  

New treatments are needed to 
improve survival of patients with 
FLT3+ AML.  

Benefit

A2301 was a randomized trial comparing midostaurin to 
blinded placebo induction, consolidation and maintenance 
for adults <60 yrs old with FLT3+ AML. 
OS was significantly better in the midostaurin arm (HR 
0.77 (0.63, 0.95); p=0.16). 
The results for EFS, the key secondary endpoint, and for 
the CR rate, an additional endpoint, were consistent in 
favoring the midostaurin arm.  
There was no consistent cytogenetic or molecular testing 
other than FLT3 at baseline.  
The study was not designed to address the benefit of 
maintenance.  Only a fraction of the study population 
received midostaurin as maintenance.  

Midostaurin is effective for treatment 
of patients with FLT3+ AML when 
combined with induction and 
consolidation, but the efficacy of 
midostaurin as maintenance was not 
established.  
There are no data to confirm that the 
treatment effect is consistent across 
the prognostic risk categories. 
There are no data to confirm that 
midostaurin is benefitting the FLT3+ 
population overall rather than just a 
subgroup harboring an different 
activated kinase targeted by 
midostaurin. 

Risk 

The most common ARs (  20%) were rash, vomiting, 
mucositis, headache, musculoskeletal pain, petechiae, 
device-related infection and epistaxis.  
The rate of discontinuations for toxicity was low (8%). 
For data collection, the actual start and stop dates were not 
recorded for adverse events or concomitant medications, so 
meaningful analyses for drug-drug interactions could not 
be performed.   
In ADE02T, safety of the combination appeared similar in 

The safety profile is acceptable for 
the intended population. 
There is insufficient data to establish 
that there are no interactions with 
other medications used commonly in 
this population.  
There is a substantial risk of 
inadvertent administration to patients 
with AML who are pregnant.  
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Table 2. Benefit-Risk Framework 

Dimension Evidence and Uncertainties  Conclusions and Reasons  

patients >60 years old.  There are no data on safety of the 
combination in children.  
Nonclinical data suggest a risk for fetal harm. Pregnant 
patients with AML are frequently treated with standard 
chemotherapy during the 2nd and 3rd trimesters.  
Midostaurin as monotherapy produced no CRs in patients 
with FLT3+ AML. 

In this era of “personalized 
medicine”, there is a risk that a 
patient with FLT3+ AML will be 
treated with ineffective monotherapy 
on the basis of the mutation alone.  

Risk
Management

The potential for drug-drug interactions and lack of 
efficacy on midostaurin monotherapy need to be 
communicated to healthcare providers. 
Additional information is needed on the potential for fetal 
harm when midostaurin is given to a pregnant patient. 
This treatment should be limited to the intended population 
as determined by appropriate testing.   

To mitigate risks, the PI should 
include 
the need to select patients using a 
companion diagnostic. 
precautions regarding concomitant 
use of CYP-active drugs.  
a limitation of use regarding 
monotherapy 
information about participation in a 
pregnancy registry.  

 
The results from A2301 showing an OS HR of 0.77 (95% CI 0.63-0.95), a consistent 7 
percentage-point increase in survival over the plateau of the curve, a 7% increase in the CR rate, 
and consistent findings in EFS constitute substantial evidence of effectiveness of midostaurin in 
combination with induction and consolidation as administered for treatment of patients with 
FLT3+ AML.  The evidence to conclude that midostaurin is effective as maintenance is lacking. 
Due to the lack of information about baseline cytogenetics and mutations other than FLT3 for the 
study subjects, uncertainty remains regarding whether efficacy applies to all prognostic groups. 
Additionally, midostaurin is a multikinase inhibitor, and it is not clear that the FLT3+ subgroup 
is the correct target for this therapy.  Nonetheless, this is the population in which the benefit was 
identified, and the uncertainties can be addressed in additional postmarketing studies.  The safety 
profile is acceptable for the intended population, and serious risks can be addressed with 
labeling.  Additional information is needed regarding risks during pregnancy, and this warrants 
development of a pregnancy registry. Lastly, there is an adequate scientific basis to extrapolate 
this efficacy to patients <18 year old or >60 year old who would otherwise be treated with 7+3, 
but due to the lack of safety data in the pediatric population, the indication can in fact only be 
extended to the older patients.  
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2.  Background 

2.1  Product Information 
 

Drug Established Name: Midostaurin 

Also Known As: 4’-N-benzoylstaurosporine, CGP-41251, PKC412 

Chemical Name: (N-[(9S,10R,11R,13R)-N-(2,3,10,11,12,13-hexahydro-10-methoxy-
9-methyl-1-oxo-9,13-epoxy-1H,9H-diindolo[1,2,3-gh:3',2',1'-
lm]pyrrolo[3,4-j][1,7]benzodiazonin-11-yl)-N-methylbenzamide) 
 

Molecular Formula: C35H30N4O4 Chemical Structure: 

Molecular Weight: 570.64  

 

Proposed Trade Name: Rydapt 

Dosage Forms: Oral capsule (25 mg) 

Therapeutic Class: Antineoplastic 

Chemical Class: Small molecule 

Pharmacologic Class:  Kinase inhibitor 

Mechanism of Action: Inhibits multiple kinases (including wild type and mutant KIT and 
FLT3) and their downstream effects, resulting in inhibition of 
proliferations and induction of apoptosis. 

Proposed Indications: Treatment of adult patients with: 
Advanced systemic mastocytosis (Advanced SM) 
Newly diagnosed acute myeloid leukemia (AML) that is FLT3 
mutation-positive as detected by an FDA-approved test. 

Proposed Dose-Schedule: 100 mg twice daily for advanced SM 
50 mg twice daily for AML 

2.2  Therapeutic Context 
 
2.2.1  Treatment of SM 
 
From Dr. Kasamon’s review: “SM is a rare, heterogeneous disease caused by the uncontrolled 
accumulation of neoplastic mast cells, including in the skin, bone marrow, liver, spleen, and 
gastrointestinal tract. Somatic gain-of-function mutations in KIT, particularly the D816V 
mutation, occur in most adult cases of SM (Garcia-Montero AC et al 2006). The KIT D816V 
mutation, detected in approximately 90% of cases, encodes a constitutively activated receptor 
tyrosine kinase that drives disease pathogenesis (Garcia-Montero AC et al 2006; Gotlib J et al 
2016). 
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...Symptoms are caused both by the release of vasoactive mast cell mediators and by organ 
damage from mast cell infiltration (Gotlib J et al 2016; Pardanani 2015; Tremblay D et al 2015). 
In aggressive variants, C-findings (clinical manifestations of organ infiltration by mast cells) 
include cytopenias, skeletal lesions, palpable hepatomegaly with impaired liver function and/or 
portal hypertension, splenomegaly with hypersplenism, and weight loss due to gastrointestinal 
involvement (Arber DA et al 2016; Pardanani 2015; Tremblay D et al 2015). Progressive organ 
infiltration ultimately causes organ failure and death.  
 
The World Health Organization (WHO) subtypes of ASM, SM-AHN, and MCL are regarded as 
forms of advanced SM (AdSM). In contrast to indolent variants, the prognosis of AdSM is poor, 
with an estimated median overall survival (OS) of 3.5 years with ASM, 2 years with SM-AHN, 
and < 6 months with MCL (Lim KH, Tefferi A et al 2009). SM-AHN is itself prognostically 
heterogeneous, with the prognosis being contingent on the type of AHN (Pardanani et al 2009; 
Lim KH, Tefferi A et al 2009). The observed risk of leukemic transformation is 5% in ASM, 
13% in SM-AHN broadly, and 29% in SM-MDS (Lim KH, Tefferi A et al 2009). 
 
There are no approved therapies for SM-AHN or MCL. Imatinib mesylate (Gleevec) received 
regular FDA approval on 10/19/2006 as a single agent for the treatment of adult ASM without 
the D816V c-Kit mutation or with c-Kit mutational status unknown. The approval was based on 
28 patients with ASM, comprising a mixture of literature and study patients, in whom 8 (29%) 
achieved a complete hematologic response and 9 (32%) a partial hematologic response with 
imatinib. Response durations ranged from 1+ to 30+ months.”  
 
Cladribine, interferon- , and hydroxyurea are considered standard-of-care cytoreductive agents 
for treatment of SM.  Hydroxyurea has very limited efficacy.  Reported response rates (ORR) to 
cladribine or interferon-  were 43-60% for ASM and 45-55% for SM-AHN (Barete et al. 2015; 
Lim et al. 2009).  The reported durations of response are approximately 1-2.5 years.  There are 
no effective drug therapies for treatment of MCL (Georgin-Lavialle et al. 2013).   
 
2.2.2 Treatment of AML 
 
AML is a heterogeneous group of malignancies of the myeloid hematopoietic lineage.  In a 
recent extensive molecular analysis of AML from 1540 patients, driver mutations were identified 
in 76 individual genes or gene regions, and multiple driver mutations were identified in 86% of 
the patients studied (Papaemmanuil et al. 2016).  Individual mutations may have prognostic 
significance for newly diagnosed patients, and such prognostic findings may be affected by co-
mutations.  Table 3 shows the current risk categorization from the European LeukemiaNet  
(ELN).  In comparisons of the genomics of AML at diagnosis vs at relapse, clonal evolution was 
detected, suggesting that prognosis at relapse may depend in part on genetic abnormalities that 
may not have been driving the disease initially (Ding et al. 2012).  
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2.3  Regulatory Background 
 
The clinical development of midostaurin in the US began with submission of IND 057120 in 
1998.    Orphan Designation was 
granted on 7/7/2009 for treatment of acute myeloid leukemia, and on 4/30/2010 for treatment of 
mastocytosis.  Fast Track Designation was granted 1/20/2016 for the treatment of patients with 
aggressive systemic mastocytosis or mast cell leukemia with or without an associated 
hematologic non-mast cell lineage disorder.  Breakthrough Therapy Designation was granted 
1/29/2016 for treatment of adult patients with newly diagnosed acute myeloid leukemia (AML) 
who are fms-like tyrosine kinase 3 (FLT3) mutation-positive as detected by an FDA-approved 
test and who are eligible to receive standard induction and consolidation chemotherapy.  
 
During the course of development, the applicant had ten formal meetings with FDA and received 
ad hoc written advice about its program on multiple occasions.  Study A2301 (RATIFY) was 
conducted by Alliance/CALGB , and no additional meetings about 
development of midostaurin were held . The applicant requested a Special 
Protocol Assessment for RATIFY under IND 057120; a nonconcurrence was issued on 5/3/2007.  
 
A plan for submission of parts was accepted on 4/1/2016, the first part of the NDA was received 
on 4/5/2016, and the applicant identified 8/29/2016 as the date of completion of the NDA 
submission.  FDA identified numerous deficiencies in the application, which the applicant 
subsequently corrected (or which were subject to agreement for late submission), and the NDA 
was filed on 10/28/2016.  The NDA was administratively split into two original applications to 
accommodate the two individual indications sought.  Priority review was granted for both 
indications.  The midcycle communication (MCC) was conveyed by telecon on 12/13/2016, and 
the late cycle meeting (LCM) was held on 1/10/2017.  
 
FDA provided the following key advice and comments to the sponsor regarding the SM 
indication: 

A demonstration of durable major responses would be needed for regular approval. [Type C 
10/2011]  
PR by the Valent criteria would not be considered a clinical benefit. [Type C 10/2011] 
Since MCL is an acute leukemia, only CR would be considered an acceptable endpoint for 
regulatory approval. [Type C 10/2011] 
Use of the PEP for the primary analysis was acceptable as long was eligible subjects with no 
post-baseline evaluations were not excluded but considered as failures. [Type C 10/2012] 
A single trial may not be sufficient to support approval. [Type C 10/2102] 
If midostaurin safety and efficacy is demonstrated in patients with and without the KIT 
D816V mutation, then a companion diagnostic may not be required. [Type C 10/2102, Type 
B 9/2015] 
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The application needed to include efficacy narratives for all enrolled patients on D2201 and 
A2213, raw C-findings data for all enrolled patients on D2201, and investigator efficacy 
assessment for D2201. [Type C 10/2102, Type B 9/2015] 

 
FDA provided the following key advice and comments to the sponsor regarding the AML 
indication using the RATIFY trial: 

An assay for FLT3 mutations would be needed to support approval of this indication (see 
Section 11). [Type B 7/2006, Type A 10/2007]  
Agreement could not be reached on the definition of EFS, and  

 [Type B 7/2006, SPA Nonconcurrence 5/2007, Type A 10/2007, 
Type C 7/2014, Advice 9/2014, Advice 12/2014, MCC 12/2016] 

 [Type A 10/2007, Type C 
7/2014, Filing Letter 10/2016, MCC 12/2016, LCM 1/2017] 
Limited collection of adverse event data for US subjects is acceptable as long as the majority 
(n=514) of the study population had complete adverse event and concomitant medication 
data. [Type A 10/2007, Advice 6/2009, Type A 2/2016] 

  
At the time of submission of the NDA, midostaurin was not approved for marketing in any 
country.  

3.  Product Quality   

3.1 Manufacturing 
 
Except where noted, the following information is taken from the Product Quality Assessment.  
 
Midostaurin drug substance, a new molecular entity (NME),  

 
  The drug substance 

specification includes tests and acceptance criteria for appearance; particle size; identification; 
clarity and color of solution; residual solvents; water; sulfated ash; specific optical rotation; 
heavy metals; specific impurities, specified, unspecified and total impurities; microbiological 
quality; and assay. Dr. Holbert concluded that “The applicant has provided sufficient information 
to ensure the identity, quality and purity of the drug substance,” and that “Stability data supports 
a re-test period of months for Midostaurin drug substance when stored  

”   
 
Midostaurin drug product is a  soft gelatin 
capsule.  The manufacturing process consists of  

  Dr. Meng assessed the in-process 
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controls for the critical operations and the results for the validation batches as adequate. No 
deficiencies were identified at completion of the review.  
 
Midostaurin drug product is a pale orange oblong capsule that is imprinted with “PKC NVR” in 
red ink and that contains 25 mg midostaurin API,  

 
 
 

  Dr. Simpson noted that labeling should specify the use of carmine, which is 
insect-derived and a potential source of hypersensitivity reactions.  
 
Midostaurin is poorly soluble in water and aqueous media (BSC Class II), and it is sensitive to 
oxygen.  The applicant provided justification for the selection of excipients  

 All excipients except  
 are compendial grade, but Dr. Ni noted that adequate controls are in place to ensure 

the quality of the noncompendial excipients.  No novel excipients were identified.  
 
The applicant identified a number of related substances as actual or potential impurities.  The 
impurities reported to be typically observed included  

  Potential degradants include 
 in addition to other related substances. Dr. Simpson reviewed the 

proposed limits for degradation products, extractables, excipients and printing ink, and she found 
the justifications to be acceptable. 
 
The drug product specifications included all necessary critical drug product quality attributes 
except for the control of elemental impurities. Based on review of the data and a risk assessment, 
it was determined that controls for elemental impurities were not needed for the drug product. 
The proposed specifications for the drug product and analytical methods were found to be 
acceptable.  Dr. Ni concluded that the applicant “provided adequate information to assure the 
identity, strength, purity and quality of the drug product.” 
 
The capsules are packaged in  blisters.  Based on the data provided in the 
NDA, Dr. Ni determined that the “proposed container closure systems provides the adequate 
protection to ensure drug product integrity and performance through the intended shelf life.” 
 
Dr. Ni reported that “registration stability studies were conducted on three production scale 
batches in accordance with ICH in  blisters (  

. A  was used in the registration stability studies whereas an 
 will be part of proposed commercial configuration for US 

market.” Studies of comparability between the two  were reviewed.  Dr. Banerjee 
noted that the “stability data submitted in the NDA supports the proposed expiry dating period of 
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36 months for the drug product when stored at 25oC (77oF), with excursions permitted to 15oC to 
30oC (59oF to 86oF).” 
 
The Applicant claimed a categorical exclusion from the requirement for an environmental 
assessment.  The Drug Product reviewer indicated that Dr. Raanan Bloom (CDER/OPQ/ONDP) 
conveyed by email dated 12/6/2016 that the “categorical exclusion cited at 21 CFR 25.31(b) is 
appropriate for the estimated amount of drug to be produced for direct use. The claim of 
categorical exclusion is acceptable.” 

3.2 Microbiology 
 
Dr. Meng noted that microbial limits are included in drug product release and stability 
specifications, and the microbial limits are consistent with the USP monograph. Microbial testing 
is to be performed for every batch. There were no outstanding deficiencies identified at 
completion of the review. 

3.3 Biopharmaceutics  
 
During clinical development, five formulations of midostaurin were used: one hard gelatin 
encapsulation , two soft gelatin encapsulations  

 an oral  solution, and  intravenous infusion.  The 
formulation for intravenous used was administered to a single subject in Study CPKC412A2120.  
A summary of the oral formulations used in each clinical study was submitted (Module 2.7.1 
Table 1-1).  The final marketing image (FMI) is a soft gelatin encapsulation  
that contains 25 mg midostaurin.  
 
Dr. Ni provided a comparison of the clinical service formulation (CSF) and the FMI, saying that 
the  

 
 
 
 

 Additional changes to the 
formulation from CSF to FMI are as follows:  

 
 

 The proposed commercial product, FMI was used in both Phase 2 and Phase 3 
pivotal clinical studies. 
 
Study CPKC412A2108 (A2108) was a randomized, open-label, 3-arm parallel-group study to 
assess the relative bioavailability, safety and tolerability of 50 mg midostaurin FMI, CSF and an 
oral solution (DS).  Dr. Subramaniam indicated that the “PK parameters of midostaurin for the 
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FMI formulation (B) were within 15% of that of the CSF formulation (A) at a 50 mg single dose 
in healthy subjects (n=54) under fasting conditions. The study was not powered for equivalence; 
however, the observed differences between the FMI and CSF formulations are not likely 
clinically meaningful.”  Therefore, with the exception as noted in Section 10 below, it is 
scientifically valid to use data from all of the clinical studies in the review of this NDA.  
 
Dr. Wu noted that midostaurin “behaves like a BCS Class II drug based on its characteristics of 
very poor solubility in aqueous media (pH-independent; <0.001 mg/mL in water and pH 1.0-6.8 
aqueous media), high permeability, relatively high lipophilicity, and high oral absorption in 
humans (>90%).” Dr. Wu also concluded that the proposed dissolution methodology and 
acceptance criteria for the FMI were acceptable, and that comparative dissolution tested was not 
necessary, since A2108 showed no clinically meaningful differences in bioavailability between 
the CSF and FMI formulations. 

3.4 Facilities  
 

 
  Manufacturing of drug substance is 

completed at Novartis Pharma Stein (Stein, Switzerland).  Analytical testing of drug substance is 
performed at Novartis Pharma (Basel, Switzerland), Novartis International Pharmaceutical 
(Cork, Ireland), and ). The primary facilities reviewer did 
not recommend a PAI for any of these facilities due to adequate compliance history and process 
experience.  All facilities were recommended for approval for the functions listed in the 
application.  
 
The drug product is manufactured and tested at  

 Microbial testing is performed by Novartis Pharma (Basel, Switzerland). Stability 
testing is performed by Novartis Pharmanalytica SA (Locarno, Switzerland). Packaging of drug 
product is performed at  and 

 The primary facilities reviewer did not 
recommend a PAI for any of these facilities due to adequate compliance history and process 
experience. All facilities were recommended for approval for the functions listed in the 
application. 
 
The Product Quality review team recommended approval of the NDA.

4.  Nonclinical Pharmacology/Toxicology 

4.1  Mechanism of Action 
Midostaurin is a multikinase inhibitor.  Based on the reported IC50 being <100 nM and 
demonstration of inhibitory activity in cellular assays in vitro, Dr. Simpson identified the 
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following as relevant targets of midostaurin: FLT3 D835Y, FLT3, KIT D816V, PDGFR-alpha, 
PDGFR-beta, PKC-alpha, PKC-beta1, PKC-beta2, PKC-gamma, KDR (VEGFR-2) and PKC-
eta.  CGP62221 and CGP52421, the two major metabolites of midostaurin, also inhibit multiple 
kinases, although the potency of CGP52421 is about 10-fold lower than that of midostaurin.   
 
Midostaurin demonstrated the ability to inhibit FLT3 receptor signaling and cell proliferation, 
and it induced apoptosis in leukemic cells expressing ITD and TKD mutant FLT3 receptors or 
overexpressing wild type FLT3 and PDGF receptors. Midostaurin also demonstrated the ability 
to inhibit KIT signaling, cell proliferation and histamine release or induce apoptosis in mast 
cells.    

4.2  General Toxicology 
 
In his summary, Dr. Sheth reported that “Pharmacology, safety pharmacology, pharmacokinetic/ 
ADME (absorption, distribution, metabolism and excretion), and toxicology studies were 
conducted in in vitro systems and/or in animal species. Animal toxicology studies were 
conducted in appropriate species, using the administration route and dosing regimens that 
reflected the intended clinical use. Rats and dogs exhibited midostaurin-related toxicities in the 
heart, lungs, GI tract, liver, lymph nodes, spleen, thymus, bone marrow, kidney, and glandular 
tissues. The pancreas, uterus, and ovaries were also adversely affected by midostaurin in that rat, 
and dogs exhibited inflammation in the brain. Midostaurin and/or its metabolites crossed the 
blood-brain barrier in tissue distribution studies. Midostaurin is not a potent inhibitor of the 
hERG channel. Other adverse findings in animal safety pharmacology studies include dose-
related decreases in mean arterial pressures and heart rates in addition to severe hypotension and 
respiratory arrest.” 

4.3  Genotoxicity and Carcinogenicity 
 
Dr. Simpson reported that “Midostaurin was not mutagenic in vitro in the bacterial reverse 
mutation assay (Ames test) or in Chinese hamster V97 cells. Midostaurin increased the  
frequency of polyploidy cells in an in vitro chromosomal aberrations assay in Chinese hamster 
ovary cells, but was not clastogenic in an in vivo rat bone marrow micronucleus assay when 
tested to the maximum tolerated dose (MTD) of 200 mg/kg (1200 mg/m2). This dose is 
approximately 20-fold the recommended human dose, based on body surface area. In silico 
modeling predicted metabolites CGP52421 and CGP62221 as having a similar toxicity profile as 
midostaurin. There is also no evidence to suggest the metabolites are mutagenic (non-GLP tests 
in TA98 and TA100 strains +/- S9). The impurity  was not mutagenic in vitro in the 
bacterial reverse mutation assay (Ames test) or clastogenic in human peripheral blood 
lymphocytes under the conditions tested. However,  was aneugenic (increasing the 
number of polyploidy, hyperdiploid, and endoreduplicated metaphase cells) in the presence and 
absence of metabolic activation.”  
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Carcinogenicity studies were not conducted, and Dr. Simpson indicated that they are not 
necessary for approval for the proposed indications. 

4.4  Reproductive and Developmental Toxicology 
 
A fertility and early embryonic development study in rats, embryofetal developmental (EFD) 
studies in rats and rabbits, a pre- and postnatal development study in rats, and a juvenile 
toxicology study in rats were reviewed. Dr. Simpson indicated the results of the studies 
demonstrated that midostaurin was embryo-lethal and fetotoxic, with effects on fertility 
parameters and maternal performance. Major findings included: 

“reproductive toxicity was observed in males, including testicular degeneration/atrophy, 
reduced sperm count and motility, and decreased male reproductive organ weights.  
In females, increased resorptions (including total resorption of litter), decreased pregnancy 
rate, and decreased number of implants and live embryos were observed.  
In an embryo-fetal development study in rats, late embryofetal death (increased late 
resorptions), reduced fetal weight with effects on fetal growth including dilated brain 
ventricles, severe renal pelvic cavitation, reduced skeletal ossifications, and widened anterior 
fontanelle were observed in the absence of maternal toxicity.  

In an embryo-fetal development study in rabbits, midostaurin was maternally toxic (reduced 
body weight (BW) gain and food consumption, dose-related increase in spontaneous 
abortions) and fetotoxic (decreased fetal weight, with reduced gall bladder size and reduced 
skeletal ossifications).  

In a pre- and postnatal development study in rats, midostaurin was maternally toxic 
(decreased body weight and body weight gain) with adverse effects upon maternal 
performance (dystocia and decrease in the number of live offspring).  

Midostaurin was fetotoxic with irreversible effects of reduced body weight still present at 
postnatal day 78 and impaired fertility when male and female offspring were mated 
(decreased number of implantation sites and live fetuses/litter).  
The doses in which these adverse effects of reproduction and development occurred 
corresponded to exposures well below human exposure at the recommended human doses of 
50 and 100 mg BID.  
A juvenile toxicology study in rats was also conducted at lower doses and exposures than 
those associated with major reproductive toxicity in rats and the observed organ toxicities 
were consistent with those expected from midostaurin administration.” 
”CGP62221 is not present in the rat and is only present at low levels in the rabbit, and 
additionally targets ROS1 kinase, which may under predict potential reproductive and 
developmental toxicity. 
Pharmacokinetic studies in pregnant rats and rabbits also demonstrated that midostaurin can 
be transferred to the fetus in utero and in milk during lactation.” 
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The Nonclinical Pharmacology/Toxicology review team concluded that the application was 
approvable for the proposed indications.  No additional nonclinical studies were needed to 
support this approval specifically.  However, due to the findings in the animal reproductive and 
developmental toxicology studies, midostaurin cannot be added safely to chemotherapy regimens 
routinely administered to pregnant patients with AML, and labeling should reflect the need for 
contraception during and following use of midostaurin. 
 
5.  Clinical Pharmacology 

5.1 Pharmacokinetics 
 
The Applicant submitted 21 studies with data applicable to clinical pharmacology in AML, SM, 
other disease populations, and healthy subjects. The summary of the clinical pharmacokinetics of 
midostaurin provided in the Office of Clinical Pharmacology Integrated Review includes: 
 
Pharmocokinetics: “Midostaurin exhibits time-dependent PK, with the maximum trough 
concentration (Cmin) observed by the end of the first week of dosing, followed by a decline to 
steady state by 4 weeks. The concentrations of midostaurin’s active metabolite CGP62221 is 
similar to that of midostaurin. In contrast, the concentration of midostaurin’s other active 
metabolite, CGP52421, increased steadily following twice daily dosing, reaching steady state 
levels by 4 weeks” (Figure 1). 
 

Figure 1: Study A2104E - Concentration-Time Profile of Midostaurin and Its Metabolites 
after 50 mg Twice Daily Dosing. 

 
 Adapted from Dr. Subramaniam’s Figure 3. 

 
Dr. Subramaniam also noted that there was a lack of dose-proportionality in exposure for 
midostaurin and its active metabolites based on Cmin within the dose range of 50 mg - 100 mg 
bid, and that the steady state concentrations of midostaurin and its active metabolites were 
similar following doses of 50 mg BID and 100 mg BID (Figure 2).  

Reference ID: 4077882



Cross Discipline Team Leader Review 
NDA 207997 
Rydapt (midostaurin) 

 18

 
Figure 2: Study A2104E - Concentration-Time Profile of Midostaurin and Its Metabolites 
after 50 mg or 100 mg Twice Daily Dosing. 

 Adapted from Dr. Subramaniam’s Figure 5. 
 
The summary additionally included: 
 
“Absorption: Midostaurin has a median Tmax of 1 hours (range of 1-3 hours) in the fasted state. 

Effect of Food: The area under the curve (AUC) of midostaurin increased by 22% with a 
standard meal and by 59% with high fat meal compared to a fasted state. Midostaurin maximum 
concentrations (Cmax) were reduced by 20% with a standard meal and by 27% with a high-fat 
meal compared to a fasted state. Tmax was delayed when Rydapt was administered with a 
standard meal (median Tmax = 2.5 hours) or a high-fat meal (median Tmax of 3 hours). 

Distribution: The mean estimated volume of distribution of midostaurin (% coefficient of 
variation, %CV) is 95 L (31%). Midostaurin, CGP62221 and CGP52421 are highly protein 
bound (>99.8%) in vitro. Midostaurin is mainly bound to 1-acid glycoprotein in vitro. 
Midostaurin and its metabolites are distributed mainly in plasma in vitro. 

Elimination: The median terminal elimination half-life (%CV) of midostaurin is 19 hours (20), 
of CGP62221 is 32 hours (31), and of CGP52421 is 482 hours (25). The total clearance (%CV) 
of midostaurin was 3.4 L/hr in healthy subjects following a dose of 50 mg. 

Metabolism: Midostaurin is mainly metabolized by CYP3A4 to two major active metabolites: 
CGP62221 (O-demethylation) and CGP52421 (mono-hydroxylation) that (mean ± standard 
deviation) account for 28± 2.7% and 38 ± 6.6% respectively of the total circulating radioactivity. 

Excretion: Fecal excretion accounted for 95% of recovered dose with 91% of the recovered dose 
excreted as metabolites and 4% of the recovered dose as unchanged midostaurin. Only 5% of the 
recovered dose was found in urine. 
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Specific Populations 
 
Age (20-94 years), sex, race, and mild (total bilirubin greater than 1.0 to 1.5 times the upper limit 
of normal (ULN) or aspartate aminotransferase (AST) greater than the ULN) or moderate (total 
bilirubin 1.5 to 3.0 times the ULN and any value for AST) hepatic impairment (HI) or renal 
impairment (RI: creatinine clearance (CLcr) > 30 mL/min) did not have clinically meaningful 
effects on the PK of midostaurin, CGP62221, or CGP52421. The PK of midostaurin in patients 
with baseline severe HI (total bilirubin greater than 3.0 times the ULN and any value for AST) or 
severe RI (CLcr 15 to 29 mL/min) is unknown. 
 
Drug Interaction Studies 

Effect of Strong CYP3A4 Inhibitors on Midostaurin: Coadministration of ketoconazole (400 mg 
daily for 10 days) with a single dose of Rydapt (50 mg) on Day 6 increased AUCinf  of  idostaurin 
by 10.4-fold and CGP62221 by 3.5-fold and area under the curve over time to last measurable 
concentrations (AUC0-t) of CGP52421 by 1.2-fold compared to a single Rydapt dose 
coadministered with placebo.

Coadministration of itraconazole (100 mg twice daily on Days 22-28 for 13 doses) with multiple 
doses of Rydapt (100 mg twice daily on Days 1 to 2 and 50 mg twice daily on Days 3 to 28) 
increased Day 28 trough concentrations of midostaurin by 2.1-fold, CGP62221 by 1.2-fold, and 
CGP52421 by 1.3-fold compared to the respective Day 21 trough concentrations with Rydapt 
alone.

Effect of Strong CYP3A4 Inducers on Midostaurin: Coadministration of rifampicin (600 mg 
daily on Days 1 to 14) with a single dose of Rydapt (50 mg) on Day 9 decreased AUCinf of 
midostaurin by 96% and CGP62221 by 92%, and AUC0-t of CGP52421 by 59%.

Effect of Midostaurin on Sensitive CYP3A substrates: The AUCinf of midazolam (sensitive 
CYP3A substrate) was not affected following 4 days of Rydapt administration. The clinical 
relevance of this interaction is unknown as the Rydapt was administered for only 4 days. 
 
Effects of Midostaurin: Midostaurin, CGP52421 and CGP62221 inhibit CYP1A2, CYP2C8, 
CYP2C9, CYP2C19, CYP2D6, and CYP2E1, and induce CYP1A2, CYP2B6, CYP2C8, 
CYP2C9, CYP2C19, and CYP3A in vitro. Midostaurin inhibits organic anion transporter 
polypeptide (OATP) 1A1 and induces multidrug resistance protein (MRP) 2 in vitro.” 

5.2 Pharmacodynamics 
 
The IRT reviewed the results of Study PKC412A2113 (A2113), including the electronic dataset 
and waveforms submitted to the ECG warehouse.  A2113 was a randomized, 3-arm, placebo- 
and active-control study to assess the effects of midostaurin on QTc (thorough QT study).  There 
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were 192 healthy subjects randomized to receive midostaurin 75 mg or placebo bid x 5 doses on 
days 1-3 and moxifloxacin or placebo once on day 3; 166 subjects completed the study.  The IRT 
found that ECG acquisition and interpretation was acceptable, and assay sensitivity was 
established. No significant QTc prolongation was detected, and there was no statistically 
significant exposure-response relationship.  The IRT did note that the major limitation of A2113 
was that the dose of midostaurin used did not cover the steady state therapeutic exposure for the 
metabolite CGP52421.  
 
To assess the potential for effects of CGP52421 further, the results from Study PKC412D2201 
(D2201) were analyzed.  D2201 was a single-arm trial of midostaurin 100 mg bid for treatment 
of patients with advanced systemic mastocytosis. Singlet ECGs and PK samples were collected 
day 3 of cycle 1 and day 28 of cycles 1, 2, 5, 8 and 11.  The IRT noted that 5 subjects (4%) had 
480<QTcF<=500 ms and 25 subjects (22%) had 450<QTcF<=480 ms. Eight (7%) subjects had 

QTcF >60 ms, and 33 subjects (30%) had QTcF between 30-60 ms.  There was no 
statistically significant relationship between QTcF and midostaurin, CGP62221 or CGP52421.  
The limitations of the study included that only a single ECG was collected at each trough 
timepoint, there were no controls, and concomitant use of drugs that affect QTc was allowed.  In 
view of the limitations in A2113 and D2201, the IRT recommended that a summery of QTc 
outlier data across all clinical studies be included in labeling, and I agree with this 
recommendation.   

5.3 Pharmacometrics 
 
Population pharmacokinetic (PopPK) modeling for midostaurin and its metabolites was 
performed using data from AML and SM populations individually.  The applicant concluded that 
only concomitant use of strong CYP3A4 inhibitors had a significant effect of midostaurin PK. 
The low number of subjects with severe renal or hepatic impairment precluded generalization 
over the entire range of renal or hepatic dysfunction.  The major limitations of the datasets 
included lack of collection of bilirubin data for the AML population, and most significantly, the 
lack of actual start and end dates for administration of CYP3A4 modulators.  The final models 
were a 2-compartment model with first-order absorption for midostaurin and a 1-compartment 
model with first-order absorption for CGP52421 and CGP62221.  The Pharmacometrics 
reviewer noted that several demographic parameters (e.g., age, sex, race and weight) remained in 
the final models for AML and SM, but the magnitudes of the effects for either disease were not 
considered clinically significant.  Given the lack of detail for CYP3A4 use, no inferences about 
the effects of CYP3A4 modulators on PK could be made.  
 
The applicant also submitted a physiologically-based pharmacokinetic (PBPK) model to predict 
interactions between midostaurin and CYP3A modulators.  For development of the model, 
reliance on a 7-day repost-dose study in healthy volunteers and short-term DDI study data was 
considered a substantial weakness.  Dr. Yang concluded that “the submitted models can neither 
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capture the observed long-term PK profiles of midostaurin nor predict the DDI effects between a 
strong CYP3A inhibitor and midostaurin at steady state. Therefore, the applicant’s midostaurin 
PBPK models are inadequate to be used to predict DDI between midostaurin and various CYP3A 
modulators.  
 
The Clinical Pharmacology review team also considered issuance of a PMR to investigate the 
effect of strong CYP3A inhibitors on tolerability of midostaurin.  They chose not to issue such a 
PMR “due to difficulty in conducting such trial in a clinical setting as most patients with AML 
are prescribed prophylaxis or treatment with antifungals that are known strong CYP3A 
inhibitors.  In addition, there was no discernable cycle level safety signal with and without strong 
CYP3A inhibitors in Trial A2301, there were no dose reductions with strong CYP3A inhibitors, 
and dose discontinuation due to adverse events were observed only in 8% of patients in the AML 
trial.”  I agree that, given the extensive residual uncertainty, the DDI issue should be addressed 
strongly in labeling.   

5.4 Assessment of the Proposed Dose 
 
Treatment of AML: Dr. Subramaniam reported that the “E-R analyses in this population cannot 
be relied upon to support the dose, as the patients included in the E-R analyses were not 
representative of the overall patient population; the efficacy [overall survival (OS), event free 
survival (EFS), complete response (CR)] and safety were not consistent among patients with 
(52%) and without PK data in this trial.  In addition, PK sampling dates/times and individual 
dosing dates/times for midostaurin was not accurately recorded for majority of patients in Trial 
A2301, which further limits the use of E-R analysis in this study.”  However, the “proposed 
dosing regimen for AML population appears appropriate based on the available efficacy and 
safety data. The Applicant selected this dose for the pivotal trial, as most patients had  50% 
blast reduction at doses of 75 mg TID, 50 mg BID and 100 mg BID in the phase II Trials A2104 
and A2104E1; however, more patients experienced Grade 3/4 gastrointestinal toxicities and dose 
reductions at a dose of 100 mg BID with chemotherapy in Trial A2106.” 
 
Treatment of ASM: Dr. Subramaniam reported that the “E-R analysis for the SM population 
was not used to support the proposed dose, as the analysis was based on a single arm trial 
(D2201) at a single dose level in which a substantial proportion of patients (~60%) experienced 
dose reductions.”  “The proposed dosing regimen for SM population appears appropriate based 
on the available efficacy and safety data.  A dose of 100 mg BID was the only dose administered 
to patients with SM.  The Applicant stated that this dose was selected for the pivotal trial based 
on similar exposure and tolerability of this dose as compared to a dose of 75 mg TID. 
Additionally, a patient with a KIT mutation on the compassionate use study showed a partial 
response at a dose of 100 mg BID.”   
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The clinical development program consisted of two multicenter, open-label, single-arm trials of 
midostaurin 100 mg bid for the treatment of patients with ASM, ASM with AHN or MCL 
(Table 4).  Although it is unusual to grant regular approval on the basis of results from a single-
arm trial, adequate and well-controlled single-arm trials certainly deserve review to establish 
their merit if they report a reproducible finding of a large treatment effect that is highly durable 
for a patient population with a serious disorder and no available therapy. 
 
A major deficiency in this clinical development program is the lack of a dose-ranging study in 
SM.  As explained by the applicant (Module 2.7.3 Summary of Clinical Efficacy - Advanced 
Systemic Mastocytosis Section 1.2.1), the midostaurin dose of 100 mg bid was chosen for study 
on the basis of tolerability in patients with other hematologic malignancies and the report of a PR 
in a single patient with MCL treated on a compassionate use program.  Therefore, there remains 
uncertainty regarding the appropriateness of the midostaurin dose for SM.   
 
The Office of Scientific Investigations conducted inspections for Study D2201 at 2 clinical sites 
(Site 180 and Site 150).  Issues identified included enrollment of patients without C-findings and 
lack of capture of transfusions at Site 180 (discussed further in 7.1.2 below), but the inspection 
review concluded that overall the data from these sites were acceptable, and the preliminary 
classification was .  A Form 483 was issued to the applicant citing late conduct of 
monitoring visits for Study D2201.  No inspections were conducted for A2213.  
 
Although retrospective comparisons to historical controls can provide valuable insight for new 
treatments of patients with a disorder that is highly rare and largely fatal, no preplanned protocol 
for the historical control analysis could be identified in Module 5, so the adequacy of this 
analysis could not be confirmed.  Hence, the historical control analysis is not considered further 
in this review.  
 
7.1.2 Issues Related to Individual Clinical Trials/Studies 
 
D2201 - A Single Arm, Phase II, Open-Label Study To Determine The Efficacy Of 100mg Twice 
Daily Oral Dosing Of Midostaurin Administered To Patients With Aggressive Systemic 
Mastocytosis Or Mast Cell Leukemia +/- An Associated Hematological Clonal Non-Mast Cell 
Lineage Disease 
 
D2201 was a multicenter, single-arm, multi-stage, open-label study.  Eligible patients had ASM, 
SM-AHN or MCL. Midostaurin was administrated orally at 100 mg twice daily until disease 
progression or intolerable toxicity.  The primary efficacy population (PEP) included subjects 
who received study drug, met the diagnostic criteria for advanced SM, and had at least one 
measurable C-finding specifically due to SM at study entry as determined by the SSC.  The 
primary endpoint was ORR, defined as the proportion of patients with a best response of MR or 
PR that occurred initially in the first 6 cycles of treatment as assessed by the SSC (using 
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modified Valent SM criteria and Cheson MDS criteria) and that was confirmed at least 56 days 
later.  Secondary endpoints included duration of response and overall survival.  In addition, 
patient-reported outcomes were assessed as exploratory endpoints using the Memorial Symptom 
Assessment Scale (MSAS) and the Short Form (SF-12) questionnaires. The study used a Fleming 
2-stage design followed by an expansion cohort. A sample size of 60 subjects provided 84% 
power with a nominal 1-sided alpha of 0.025 to test the hypotheses Ho: p 0.30 versus Ha: 0.50.  
There was no sample size calculation for the additional planned 20 subjects in the expansion 
cohort.   
 
During the conduct of the trial substantial issues arose regarding eligibility and response criteria. 
A Memorandum to File from Prof. Dr. Kluin-Nelemans dated 1/29/2017 stated “It appeared, 
however, that the large majority of patients not only suffered from ASM but also from an 
additional hematologic neoplasm (AHN).  Such an AHN-like disease usually consisted of a 
myeloproliferative disorder heavily infiltrating the bone marrow (and thus interfering with one of 
the C findings related to cytopenia), often resulting in a leukemic-like picture with eosinophilia, 
monocytosis, and bone marrow fibrosis.  Moreover, most of the AHN's caused hepatomegaly 
and splenomegaly.  As these organs usually are not biopsied (risky), one never knew for sure 
whether a big spleen or liver with lab abnormalities was caused by malignant mast cells or by the 
AHN component.” “Response criteria made for ASM/MCL appeared unsuitable for the SM-
AHN group (the majority of patients).”  “Moreover, there were no clear response criteria 
available for the SM-AHN category - they had to be designed per individual patient by the 
Scientific Steering Committee (SSC).”  
 
Amendment 2 (11/23/2010) added a requirement for confirmation of eligibility by the SSC (the 
SSC adjudicated whether C-findings were due to SM or to AHN and whether histopathology 
confirmed the diagnosis), changed the definition of the PEP from all enrolled patients to only 
those as confirmed by the SSC, provided for additional modifications to the Valent criteria for 
response by applying the Cheson MDS response criteria to assess outcome in transfusion-
dependent vs -independent subjects, and added systematic collection of mediator-related 
symptoms to be recorded by the investigator.  At the time of implementation of Amendment 2, 
53 subjects (46% of the total accrual) had started treatment on protocol, and 26 subjects (22%) 
had ended therapy.  The protocol indicated that for patients enrolled prior to implementation of 
the amendment, the revisions would be applied retrospectively using available source 
documentation.  
 
The issue described by Prof. Dr. Kluin-Nelemans regarding the difficulty in determining whether 
a C-finding is due to SM or to the AHN in the absence of a biopsy is critical to the 
generalizability of the results of this study.  Dr. Kasamon observed that due to the eligibility 
requirements, the subjects selected may not be representative of the general population of 
patients with SM, so the applicability of the efficacy data may be limited.  I would agree that the 
highly selective nature of the PEP may, in fact, have introduced bias.   
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Given that OS is the primary endpoint of the A2301, there is less likelihood that data quality 
issues affect the conclusions about the primary analysis. Dr. Ward noted major protocol 
violations for 15% of the study subjects equally split between the study arms, but “the most 
frequent minor deviations were treatment errors (580 deviations affecting 262 patients), missing 
bone marrow assessments (453 deviations affecting 229 patients), and missing laboratory 
assessments (400 deviations affecting 36 patients).”  How the missing bone marrow assessment 
impacted the accuracy of the EFS endpoint is unclear.  
 
7.2.2 Issues Related to Individual Clinical Trials/Studies 
 
A2301 - A Phase 3 Randomized, Double-Blind Study Of Induction (Daunorubicin/Cytarabine) 
And Consolidation (High Dose Cytarabine) Chemotherapy + Midostaurin (PKC412) Or 
Placebo In Newly Diagnosed Patients Less Than 60 Years Of Age With FLT3-Mutated Acute 
Myeloid Leukemia (AML) 
 
A2301 was a multicenter, randomized, double-blind, placebo-controlled trial.  Eligible patients 
were adults <60 years old who had newly-diagnosed AML that was FLT3+ (ITD or TKD) as 
determined by a protocol-specified screening laboratory.  Patients were randomized prior to 
induction to receive midostaurin or placebo at 1:1 ratio with stratification on FLT3 mutation 
status (i.e. FLT3-ITD allelic ratio <0.7, FLT3-ITD allelic ratio 0.7, or FLT3-TKD).  Induction 
consisted of 200 mg/m2 cytarabine on days 1-7, 60 mg/m2 daunorubicin on days 1-3 and 50 mg 
bid midostaurin or placebo days 8-21.  Patients who achieved CR with up to 2 cycles of 
induction received up to 4 cycles of consolidation with cytarabine 3 g/m2 iv every 12 hours on 
days 1, 3 and 5 of each cycle followed by midostaurin or placebo 50 mg bid on days 8- 21. 
Thereafter, maintenance was given with midostaurin 50 mg or placebo bid for a maximum of 
twelve 28-day cycles. Study drug was permanently discontinued for patients who proceeded to 
HSCT.  There was no planned crossover between treatment arms.  
 
The primary efficacy endpoint was OS defined as the time from randomization to death from any 
cause. Event-free survival (EFS) was the only multiplicity-adjusted key secondary endpoint. An 
EFS event was defined as a failure to obtain a complete remission (CR) within 60 days of 
initiation of protocol therapy, or relapse, or death from any cause. Other secondary endpoints 
included CR rate within 60 days of start of treatment, DFS, and HSCT rate.  There were no 
patient-reported outcomes.  A sample size of 714 patients was calculated to ensure 509 OS 
events at the final analysis to demonstrate a hazard ratio of 0.78 for midostaurin versus placebo 
(median OS 16.3 months in placebo arm vs. 20.9 months in midostaurin arm) with 
approximately 84% power at an overall 1-sided alpha level of 0.025. The sample size calculation 
also accounted for one planned interim analysis of OS at 50% of events. The efficacy population 
was all randomized patients.  OS and EFS were assessed using the log-rank test and Cox 
regression model stratified for FLT3 mutation status used in the randomization.   
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The Kaplan-Meier plots for OS and EFS are shown in Figure 3. 
 

Figure 3: A2301 - Kaplan-Meier Plots of OS and EFS 
(a) OS  (Source: Dr. Ko’s Figure 1) 

 
(b) EFS (Source: Module 2.5 Clinical Overview Figure 4-2)

 

 
Primary Endpoint 
 
Dr. Ko concluded that “Study A2301 met its primary objective to demonstrate that midostaurin 
is superior to placebo in combination with standard chemotherapy regimen in prolongation of 
overall survival” (Table 13 above).  Sensitivity analyses included censoring at HSCT, using 
HSCT as a time-dependent covariate, and assessing OS from SCT in first CR.  The outcomes for 
the sensitivity analyses were all consistent with the primary analysis results.  She recommended 
approval of the NDA.  Dr. Ko also noted that because survival curves plateaued before reaching 
the medians, the estimated median survival times are not reliable  

   
 
Dr. Ko reported that “As of the data cut-off (01-April-2015), 357 patients in Study A2301 had 
died. The median follow-up time for overall survival was 26.1 months (range: 0.1 – 79.2). The 
median survival in patients that had died was 11.2 months (0.1 – 74.7), and the median follow-up 
in surviving patients was 56.8 months (0.1 – 79.2).”  The OS at 4 years was 51% in the 
midostaurin arm and 44% in the placebo arm.  I agree with Dr. Ko that this is a positive study.   
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Subgroups
 
Dr. Ko’s subgroup analysis of OS revealed no substantial outliers by age, race, region, FLT3 
mutation, WBC or ECOG performance status. The HR was quite high for patients with prior 
MDS (1.91; 95% CI 0.78-4.71), but there were only 30 subjects in this subgroup and the 95% CI 
was quite broad, so the point estimate may be inaccurate.  The treatment effect did seem to be 
limited to males (HR 0.53; 95% CI 0.39-0.72) with little impact in females (HR 1.01; 95% CI 
0.76-1.34).  The difference in the treatment effect by gender seemed to result from a higher 
survival in the control arm for females than for males.  She also found that the lack of effect in 
females remained when assessed by NPM1 mutation (NPM1-adjusted HR 0.98; 95% CI 0.72-
1.35).  However, since there was a consistent effect in females favoring midostaurin for EFS, 
DFS and CR, Dr. Ko concluded that overall evidence was consistent with efficacy regardless of 
gender, and that the results did not warrant a limitation to use in males.  
 
The strongest OS prognostic factor for AML is the genetic risk classification.  Data for this 
subgrouping was not provided by the applicant.  There was, however, NPM1 data for 563 (79%) 
subjects and data on FLT3-ITD allele ratios.  For these 563 subjects, this reviewer categorized 
each as ELN “good-like,” “intermediate-like,” or “poor-like” base on NPM1 mutation and FLT3 
mutation/allele ratio according to ELN criteria.  The treatment effect was consistent in all ELN-
like subgroups and favored the midostaurin arm (HR 0.69, 0.81 and 0.59, respectively).  
Although this post hoc subgroup analysis allays concerns that midostaurin might not be effective 
in all prognostic groups, there is insufficient information to provide accurate subgrouping, so 
additional analyses will need to be performed postmarketing once all cytogenetic and molecular 
data are available.  
 
Also, since midostaurin is a multikinase inhibitor, it is not clear that the treatment effect is not 
limited to a subgroup with a coexisting mutation other than FLT3 that is also targeted by the 
drug.  Confirmation that the FLT3-mutated population is the appropriate population for treatment 
with midostaurin will also require additional analyses postmarketing when additional molecular 
data are available. 
 
Maintenance
 

 
 
 
 

 The applicant was informed several times that A2301 was not 
designed to test the effectiveness of midostaurin as postconsolidation maintenance, since there 
was no rerandomization prior to start of maintenance (see Section 2.3).  
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The efficacy of other drugs used for maintenance for other disease does not contribute to the 
body of evidence for midostaurin as maintenance for FLT3+ AML.  Evidence must be 
obtained from an adequate and well-controlled trial of midostaurin itself in the intended 
population. 
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Examination of the EFS curve (Figure 5a) with EFS calculated using Method 4 shows that 
the OS benefit is explained primarily by the treatment effect during the initial combination 
therapy phase. 

  
 
 

  Indeed, there was a clear separation of DFS by treatment arm for patients who were 
transplanted in first CR without maintenance (Figure 5b).   
Maintenance was initiated by only 29%, and 12 cycles of maintenance was completed by 
only 17%.  It would be difficult to attribute the treatment effect to maintenance when such a 
small proportion of the study population actually received maintenance.  

 
Figure 5: A2301 - Additional Analyses 
(a) EFS with treatment failure assigned to day 1 

 

Source: Response to Information Request received 3/20/2017 
(b) DFS for subject transplanted in first CR (no maintenance) 

 

Source: FDA Statistician 
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Extrapolation to Other Ages 
 
Since AML is a disease that occurs at all ages, FDA asked the applicant to provide an analysis of 
whether the efficacy results of A2301 could be extrapolated to patients less than 18 year old or 
greater than 60 years old.  With regard to AML in children, the applicant indicated “Pediatric and 
adult AML are each associated with the recurrent finding of FLT3 mutations that comprise both 
TKD and ITD alterations, and the specific mutations are common in the two age groups. The 
incidence of FLT3-TKD alterations is similar in patients less than 1 year of age through those 
greater than 55 years old. In contrast, FLT3-ITD mutations are observed in 1% of patients <1 
year old, and they occur in 7% of patients of age 1-5 years, 11% in those aged 5-10 years, 17% 
in children >10 years, 27% in patients 18-55 years, and 33% in patients >55 years (Meshinchi 
2006).  The prognostic impact of FLT3 alterations is similar in children and adults: although the 
clinical outcomes as measured by progression-free survival (PFS) were similar for AML with a 
FLT3-TKD mutation compared to that with wild-type FLT3, those with a FLT3-ITD mutation 
had a poorer PFS.  As in adults, children with a high FLT3-ITD to wild type allelic ratios (here, 
> 0.4) had worse outcomes as measured by PFS.  Sorafenib is used off-label in children with 
FLT3-mutated AML (Baker 2013), and this is based in part on the finding that pediatric AML 
primary leukemia samples that harbor a FLT3-ITD mutation are preferentially killed by 
pharmacologic inhibition of FLT3 (Brown 2004). Thus, although there are some differences in 
the population prevalence of FLT3 mutations, the similar prognostic impact in each age group 
strongly suggests that the contribution of cell survival and proliferative signaling arising from 
FLT3 mutational activation is similar in pediatric and adult AML” (Response to Information 
Request received 11/17/2016). 
 
With regard to older patients with AML, the applicant indicated “As in younger patients, FLT3-
ITD and -TKD mutations are prevalent in older patients with newly diagnosed AML (Schneider 
2012). The prognostic impact of such mutations has been evaluated in large series of patients 
with cytogenetically normal AML (CN-AML), a disease subgroup that provides an opportunity 
to sensitively isolate the effect of the FLT3 genotype on prognosis. FLT3-ITD-mutated AML is 
associated with a poorer prognosis in both younger patients and patients >60 years of age (Scholl 
2008, Whitman 2010, Singh 2011). The prognostic role of FLT3-TKD mutations, on the other 
hand, is more unsettled given disparate findings in large patient populations of younger (Mead 
2007, Whitman 2008) and older patients (Andersson 2004, Bacher 2008, Wei 2011). Although 
there is a broad distribution of other prognostic determinants in both younger and older patients, 
the common prognostic impact of FLT3 activating mutations strongly suggest that the biological 
role of this protein tyrosine kinase in AML pathogenesis is similar in the two age groups” 
(Response to Information Request received 11/17/2016). 
 
I agree that the available evidence supports the extrapolation of the efficacy of midostaurin in 
combination with 7+3 to children and older adults who would otherwise be treated with 7+3.   
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7.2.4 Conclusions on the Substantial Evidence of Effectiveness 
 
I conclude that the results from A2301 showing an OS HR of 0.77 (95% CI 0.63-0.95), a 
consistent 7 percentage-point increase in survival over the plateau of the curve, a 7% increase in 
the CR rate, and consistent findings in EFS constitute substantial evidence of effectiveness of 
midostaurin in combination with induction and consolidation as administered for treatment of 
patients with FLT3+ AML.  There is an adequate scientific basis to extrapolate this efficacy to 
patients <18 year old or >60 year old who would otherwise be treated with 7+3.  
 
Due to the lack of information about baseline cytogenetics and mutations other than FLT3 for the 
study subjects, uncertainty remains regarding whether efficacy applies to all prognostic groups. 
Additionally, midostaurin is a multikinase inhibitor, and it is not clear that the FLT3+ subgroup 
is the correct target for this therapy.  Nonetheless, this is the population in which the benefit was 
identified, and the uncertainties can be addressed in additional postmarketing studies.  
 

 
 A2301 was not designed to test the 

efficacy of midostaurin as maintenance, only a small proportion of patients actually received 
maintenance, and the available data suggest that the treatment effect was largely due to the 
benefit during the combination therapy phase.   
 
Additionally, the data from the early phase trials demonstrate no clinical benefit from single-
agent midostaurin for treatment of R/R FLT3+ AML.  There were few patients with newly-
diagnosed FLT3+ AML who participated in the early phase trials, so the 0% point estimate of the 
CR rate in this subgroup may be underestimated, but based on the upper level of the confidence 
interval, the best expected CR rate for the newly-diagnosed patients would still be very much 
less than currently available therapy and therefore not clinically relevant.  This lack of benefit for 
single-agent midostaurin for treatment of clinically-overt AML warrants a limitation of use in the 
prescribing information.   
 
8.  Clinical Safety 

8.1 Adequacy of the Drug Exposure Experience 
 
The applicant indicated that 1,532 subjects had been treated with midostaurin on 33 studies 
(Response to Information Request received 10/25/2016).  Data were submitted for 1,298 of the 
subjects treated with midostaurin.  The median age was 49 years; 1% were <17 years old, and 
17% were >65 years old.  More than half (59%) were male.  Newly diagnosed FLT3+ AML 
accounted for 32%, and 11% had SM.  The median exposure was 0.9 mos, and the maximal 
exposure was 87.3 mos; 76% of the subjects had an exposure <3 mos.  A total daily dose of 100 

Reference ID: 4077882

(b) (4)



Cross Discipline Team Leader Review 
NDA 207997 
Rydapt (midostaurin) 

 42

mg was given to 43% and 19% used a total daily dose of 200 mg.  The safety database also 
included 510 subjects who received placebo or an active control.   
 
Dr. Kasamon focused the safety review for the SM indication on subjects treated on D2201 and 
A2213.  Demographics were shown in Table5.  The median duration of exposure to midostaurin 
was 11.4 mos, and maximum exposure was 81 mos.  
 
Dr. Ward focused the safety review for the AML indication on the subjects treated on A2301.  
Demographics were shown in Table 11.  The median duration of exposure to midostaurin on this 
study was 1.4 mos, and maximum exposure was 18.9 mos.   
 
The safety database was considered adequate with regard to size and exposures to the 
recommended doses and schedules of midostaurin in the intended populations.  

8.2  Adequacy of the Clinical Safety Assessments 
 
In general, the study populations were monitored for deaths, serious adverse events, common 
adverse events, and common laboratory tests.  Of note, creatine kinase was not assessed during 
the clinical trials.  Myositis and elevated creatinine kinase are common toxicities of kinase 
inhibitors (Adenis et al. 2012), and it is not clear why this risk was not evaluated more closely.  
Routine postmarketing pharmacovigilance should be sufficient to identify any unexpected signal 
for myositis or rhabdomyolysis.  
 
Dr. Kasamon identified the following issues with safety assessments in the SM population (taken 
from Dr. Kasamon’s review): 

The applicant did not collect baseline grade for adverse events. Therefore, all non laboratory 
events, as well as post treatment laboratory abnormalities having an unknown baseline grade, 
were assumed to be treatment emergent.  
The applicant did not grade fatal adverse events as grade 5. Fatal AEs had a designated 
maximum grade of 4 and in some cases a grade of 3. 
Laboratory abnormalities were underreported in the AE datasets as compared to the 
laboratory datasets. 

 
Dr. Ward identified the following issues with the safety assessments in A2301 (taken from 
Dr. Ward’s review): 

The collection of adverse events and severe adverse events differed by geographic region. 
Clinical trial sites in North American collected all grade  3 adverse events, but only 
collected grade 1 and 2 adverse events for 13 pre-specified adverse events. Clinical trial sites 
outside of North America collected all adverse events regardless of grade. 
Adverse event start and stop dates were not collected.  Instead the adverse events were 
recorded by reporting period (cycle).  
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Seriousness of the adverse events was not captured by the investigator on the CRF.  
Seriousness was determined retrospectively by reconciliation with the Novartis safety 
database. 
The collection of post-baseline laboratory values was initiated after the start of the study, and 
the data were collected retrospectively for only those sites outside of North America. The 
database of laboratory values provided by the sponsor is of poor quality, with many missing 
baseline values, missing normal lab ranges, and implausible lab values recorded.   

 
Both reviewers noted that the granularity of MedDRA preferred terms reduced the actual 
incidences of adverse reactions.  To account for this, grouped terms were used in the final 
analysis. 

8.3 Integrated Analysis of Safety  
 
8.3.1 Safety Summary - SM 
 
From Dr. Kasamon’s review: 
 
“The most common ARs (  20%) were nausea, vomiting, diarrhea, constipation, abdominal pain, 
edema, fatigue, upper respiratory tract infection, pyrexia, arthralgia, headache, and dyspnea. The 
most common grade 3 4 hematologic laboratory abnormalities (  20%) included anemia, 
thrombocytopenia, and neutropenia. 
 
Eleven percent of patients died on treatment for reasons unrelated to the underlying malignancy, 
most often from infection (sepsis or pneumonia), followed by cardiac events. SAEs were 
reported in two thirds of patients, most commonly involving infections and gastrointestinal 
disorders. AEs led to dose interruption or reduction in 56% of patients, usually in the first 5 
months. The leading reasons for dose modifications (  10%) were nausea, vomiting, QT 
prolongation, and neutropenia. Treatment discontinuation due to AEs occurred in 21% of 
patients, most often due to infection, nausea or vomiting, QT prolongation, and hemorrhage.” 
 
“The overall risk profile of midostaurin at the proposed dose-schedule is acceptable in the 
intended population.”  “Because the majority of dose modifications or first dose modifications 
occurred in the first 3 months, close monitoring for actionable toxicities is recommended 
particularly during this time period.”  
 
“In patients with AdSM, the Sponsor reported that the median RDI and median duration of 
midostaurin exposure were similar in those aged < 65 years (N= 78) and those aged  65 years 
(N = 64)... SAEs and grade 3 4 AEs were reported more frequently in patients aged  65 years, 
whereas the overall incidence of AEs was generally similar.”  Safety did not differ substantially 
by gender.  
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Dr. Kasamon also assessed safety in 85 patients with other hematological malignancies who 
were treated with midostaurin monotherapy at a planned dose that equaled or approximated the 
proposed dose for SM. Median exposure in this population was 1 month.  She reported that the 
overall safety profile was similar to that observed in the SM population. 
 
8.3.2 Safety Summary - AML 
 
From Dr. Ward’s review: 
 
“Fourteen patients on the midostaurin arm died during or within 30 days after study treatment 
(compared to 21 on the placebo arm). The most frequent cause of death on both arms was 
infection, which is typical in this patient population and is considered related to the underlying 
disease.  
 
Midostaurin was generally well-tolerated. The most common non-laboratory TEAEs (incidence 

 20% and  2% more frequent on the midostaurin arm) were rash, vomiting, mucositis, 
headache, musculoskeletal pain, petechiae, device-related infection and epistaxis. The most 
frequent Grade 3/4 adverse reactions (incidence  10% and  2% more frequent on the 
midostaurin arm) were febrile neutropenia, diarrhea, device-related infection, sepsis, rash, 
pneumonia and mucositis. The most frequent serious adverse reaction was febrile neutropenia, 
which occurred at similar rates in the midostaurin (16%) and placebo arms (16%).”  Safety did 
not differ substantially by gender. 
 
“Gastrointestinal toxicities were more noticeable on the maintenance phase of the study, in 
which midostaurin/placebo was administered as a monotherapy. In maintenance 53% of patients 
on the midostaurin arm reported nausea (vs 22% on the placebo arm). Other adverse events 
occurring in  20% of the patients in the midostaurin arm and  2% more frequently than in 
patients on the placebo arm were diarrhea (30% vs 22%), fatigue (30% vs 28%), elevated 
transaminases (28% vs 19%) and vomiting (24% vs 11%). Almost all of these events were mild-
moderate in severity.”    
 
Discontinuation due to adverse reaction occurred in 8% of patients on the midostaurin arm 
versus 5% on the placebo arm. The most frequent Grade 3/4 adverse reactions leading to 
discontinuation of midostaurin were elevated transaminases (1.4%) and exfoliative dermatitis 
(1.2%).” 
 
“The overall safety profile of midostaurin is acceptable for patients with AML.”  “The high 
frequency of mild-moderate nausea and vomiting observed with midostaurin use warrants a 
recommendation to administer concomitant anti-emetics.” 
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Dr. Ward also assessed the safety in older patients in Study ADE02T.  She noted “On this study, 
serious adverse events were modestly more frequent in patients age > 60 years (33, 72%) than in 
those  60 years of age (61, 62%). Discontinuations for adverse events were also modestly more 
frequent in patients age > 60 years (15, 33%) than in those  60 years of age (26, 27%). Given 
the historically poor overall survival in older patients with AML, this level of toxicity is 
acceptable for the clinical benefit observed.” 
 
8.3.3 Potential Safety Issues for the Postmarket Setting 
 
Dr. Liedtka noted that the available experience using 7+3 cytotoxic chemotherapy for treatment 
of AML suggests that the risks to the fetus are greatly outweighed by the benefit of 
chemotherapy during the second and third trimester.  Based on this experience, it is common 
practice and a consensus recommendation (Milojkovic and Apperley 2014; Ali et al. 2015) to 
consider use of 7+3 for treatment of pregnant patients with AML during the second and third 
trimesters despite warnings in labeling regarding the embryo-fetal toxicity of daunorubicin and 
cytarabine.  However, the findings of embryo-fetal and post-fetal toxicities in the nonclinical 
studies of midostaurin raised questions about safe use of this drug during pregnancy, including 
during the second and third trimesters.  Given the major difference in mechanism of action 
between midostaurin and cytotoxic chemotherapy, the safety of use of midostaurin during 
pregnancy cannot be imputed from the experience with 7+3.  The Applicant identified 7 (~2%) 
pregnancies among the 398 females participating in Study A2301, but none of the pregnancies 
during exposure to midostaurin had information on fetal outcome.  The high level of uncertainty 
regarding the risks from use of midostaurin during pregnancy should be communicated clearly in 
labeling to allow the healthcare provider and patient to have an informed discussion about risks 
and benefit.  Dr. Liedtka and Dr. Ward recommended that a boxed warning for embryo-fetal 
toxicity be added to midostaurin labeling, and given the common practice described above, I 
agree with this recommendation.     
 
Dr. Leighton expressed reluctance to recommend a boxed warning solely on the basis on 
nonclinical data.  But since the potential for fetal harm exists, and clinical data are needed to 
clarify the issue, a postmarketing study is warranted.  To this end, I would recommend 
development of a pregnancy registry as a postmarketing requirement as an alternative.     
 
9.  Advisory Committee Meeting  
 
This application was not discussed by an advisory committee.  
 
10. Pediatrics 
 
Study CPKC312A2114 (A2114) was the only clinical trial that included pediatric subjects.  The 
protocol was an open-label, single-arm, dose-escalation trial using the oral  
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12. Labeling

12.1 Proprietary Name 
 
The Division of Medication Error Prevention and Analysis reviewer did not identify safety or 
misbranding concerns with the proposed proprietary name, Rydapt, and the reviewer determined 
that the proposed proprietary name, Rydapt, was acceptable. 

12.2 Carton and Container Labeling   
 
The Drug Product reviewer had no major recommendations for carton and container labeling. 

12.3 Prescribing Information 
 
Major recommendations by the Clinical Pharmacology reviewer included: 
 

Include in Section 7.1 a recommendation to use caution with strong CYP3A inhibitors with 
midostaurin, and if coadministration of a strong CYP3A4 inhibitor cannot be avoided, to 
closely monitor for adverse reactions, especially during the first week of administration. 
Include in Section 7.1 a recommendation to avoid concomitant use of strong CYP3A4 
inducers with midostaurin. 
Describe in Section 12.3 the time dependent PK of midostaurin and its active metabolites 
following multiple doses. 
Include in Section 12.3 information of midostaurin exposure with standard and high fat meal 
(with description of standard and high fat meal). 
State in Section 12.3 that in vitro studies indicate that midostaurin and its metabolites may 
inhibit exposure of drugs that are substrates of CYP1A2, CYP2C8, CYP2C9, CYP2C19, 
CYP2D6, CYP2E1, and OATP1A1 and induce exposure of drugs that are substrates 
CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP3A, and MRP2, which may 
potentially affect the safety or efficacy of such drugs. 

 
Major recommendations by the IRT included: 
 

Addition of a summary of QTc outlier data across all clinical studies to Section 12.2.  
 
Major recommendations by the Clinical reviewers included: 
 

Add a boxed warning describing embryo-fetal toxicity. 
For the AML indication,  add a 
limitation of use indicating that midostaurin should not be used as monotherapy in patients 
with AML. 
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For the SM indication, revise the statement to specify the intended populations as patients 
with ASM, SM-AHN and MCL.  
Add a recommendation for prophylactic antiemetics. 

 toxicity management guidelines to match protocol D2201. 
Add a recommendation for monitoring for actionable toxicities, such as gastrointestinal 
toxicities, during the first 3 months of treatment. The minimum suggested monitoring 
schedule is once weekly during cycle 1, every other week during cycles 2 and 3, and monthly 
thereafter. 
Add a recommendation for EKG monitoring in patients taking concomitant medications that 
can prolong the QT interval.  
Include pulmonary toxicity as a Warning and Precaution.  
Present efficacy outcomes for SM according by WHO diagnosis.  
Present efficacy according to IWG MRT ECNM response criteria in addition to modified 
Valent or Valent criteria, with response defined as  PR. 
Revise EFS such that patients who did not have a CR documented by day 60 are assigned a 
date of treatment failure as day 1.  

 
Major recommendations by the Statistical reviewer included: 
 

Do not report  
 

  
Major recommendations by the DPMH reviewer included: 
 

Add a boxed warning for embryo-fetal toxicity 
 
I agree with all of these recommendations.  I would also recommend that the results for D2201 in 
Section 14 be limited to CR+ICR for the responses by modified Valent criteria.  

12.4 Patient Information 
 
The patient labeling review was ongoing at the time of completion of this review.  I recommend 
that the patient insert include instructions about use of prophylactic antiemetics.  
 
13. Postmarketing Recommendations 

13.1 Risk Evaluation and Management Strategies (REMS) 
 
The DRISK reviewer and the Clinical reviewers did not identify the need for a REMS.  Based on 
the information available at this time, I agree that a REMS is not warranted.  
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13.2  Postmarketing Requirements (PMRs) and Commitments (PMCs) 
 
13.2.1 Recommended Postmarketing Requirements  
 
PMR #1 - Establish a Pregnancy Registry to collect and analyze information for 10 years on 

pregnancy complications and birth outcomes in women exposed to midostaurin during 
pregnancy.  Add notice of the pregnancy registry and the telephone contact number to 
the prescribing information.  Submit yearly  reports,  

 on the cumulative findings and analyses from the Pregnancy 
Registry. 

 
13.2.2 Recommended Postmarketing Commitments
 
PMC #1 - To corroborate your assertion that midostaurin induces a treatment benefit in the 

overall population of patients with FLT3 mutations rather than in only a subset of 
patients with a mutation in a different kinase inhibited by the drug, provide subgroup 
analyses for CR, OS and EFS by genomic mutations that occurred concurrently with 
FLT3 for randomized subjects who consented for additional molecular studies in the 
RATIFY trial.  Submit a data file with results of the full mutational profiling at 
baseline performed by Novartis in close collaboration with Alliance and RATIFY 
Cooperative Groups / Investigators in addition to the full study report.  

 
PMC #2 - To demonstrate that the treatment effect of midostaurin is consistent across prognostic 

subgroups, provide subgroup analyses for randomized subjects with cytogenetic/ 
molecular prognostic information in the RATIFY trial for CR, OS and EFS by 
cytogenetic/molecular prognostic category using an accepted consensus prognostic 
classification, such as that published in 2016\ or later by the European LeukemiaNet 
(ELN) or the National Comprehensive Cancer Network (NCCN).  Submit a data file 
with results of the full karyotype description at baseline performed by Alliance and/or 
Novartis in addition to the full study report. 

 
14. Recommended Comments to the Applicant 
 
There are no recommended comments to the applicant.  
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