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Inadvertently two PMCs were left out of the list on the last page:

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.

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 Leukemia Net (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.
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MEMORANDUM DEPARTMENT OF HEALTH AND HUMAN SERVICES 
     PUBLIC HEALTH SERVICE 
     FOOD AND DRUG ADMINISTRATION 
     CENTER FOR DRUG EVALUATION AND RESEARCH 

DATE:  4/27/17 

SUBJECT:  Office Director Summary Review 

APPLICATION/DRUG: 207997/Rydapt (midostaurin) 

Proposed indications: 
1) for the treatment of adult patients with advanced systemic mastocytosis. 
2) in combination with standard induction and consolidation chemotherapy  

 for adult patients with newly diagnosed acute myeloid leukemia 
(AML) who are FLT3 mutation-positive, as detected by a FDA approved test. 

Please refer to the combined Division Director and Office Director review of 4/27/17 under 
NDA 207997/original-1 and NDA 207997/original-2 for the Office Director summary review for 
this application. 
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Microbiology Review N/A 
Clinical Pharmacology Review Sriram Subramaniam, PhD; Stacy Shord, PharmD (TL), Lian 

Ma, PhD; Nitin Mehrotra, PhD; Yuching Yang, PhD; Ping 
Zhao, PhD. NAM Atiqur Rahman, PhD 
 

OMP/OPDP/DMPP LaShawn Griffiths, MSHS-PH, BSN, RN/Barbara Fuller, RN, 
MSN, CWOCN/Rowell Medina, PharmD, BCPS/Rachael 
Conklin, MS, RN 

OSI Anthony Orencia MD, FACP/Janice Pohlman MD, 
M.P.H./Kassa Ayalew, M.D., M.P.H. 

CDTL Review Donna Przepiorka, MD, PhD 
OSE/DEPI N/A 
OSE/DMEPA Leeza Rahimi, PharmD/Hina Mehta, PharmD 
OSE/DRISK Mei-Yean Chen, PharmD/Naomi Redd, PharmD/Cynthia 

Lacivita, PharmD 
Labeling Review Virginia Kwitkowski, MS, ACNP-BC 
IRT Dhananjay Marathe/Xiaofeng Wang/Janelle Chen/Qianyu 

Dang/Michael Y Li/Christine Garnett 
DPMH Jane Liedtka MD/Miriam Dinatale, DO/Lynne P. Yao, MD 
Clinical Outcomes Assessment Wen-Hung Chen/Selena Daniels/Elektra Papadopoulos 

OND=Office of New Drugs 
OPQ=Office of Pharmaceutical Quality 
OPDP=Office of Prescription Drug Promotion 
OSI=Office of Scientific Investigations 
CDTL=Cross-Discipline Team Leader 
OSE= Office of Surveillance and Epidemiology 
DEPI= Division of Epidemiology 
DMEPA=Division of Medication Error Prevention and Analysis 
DRISK=Division of Risk Management 
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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 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. 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. 
 
Midostaurin was not genotoxic in the battery of genetic toxicology studies conducted. Midostaurin may 
impair male and female fertility. When male and female rats were administered midostaurin during a 
fertility study, midostaurin treatment was associated with testicular degeneration and atrophy, reduced 
sperm count and motility, and decreased reproductive organ weights in males. In addition, females 
exhibited increased resorptions (including total resorption of litter), decreased pregnancy rates, and 
decreased numbers of implants and live embryos. Based on this information the recommendation that 
females use effective contraception during treatment and for 4 months following the last dose of 
midostaurin was deemed acceptable for the RYDAPT label.  
 
Pharmacokinetic studies in pregnant rats and rabbits also demonstrated that midostaurin can be 
transferred to the fetus in utero and in milk during lactation. The effects of midostaurin treatment on 
reproductive and developmental toxicology study endpoints included embryo lethality and fetotoxicity in 
rats and rabbits, at dose levels that were generally maternally toxic, but notably at dose levels 
corresponding to exposures well below human exposures at the recommended human doses of 50 and 
100 mg BID. In an embryo-fetal development study in rats, late embryofetal death, reduced fetal weight 
with effects on fetal growth including dilated brain ventricles, severe renal pelvic cavitation, reduced 
skeletal ossifications, malpositioned ovary and uterus, extra rib, and widened anterior fontanelle were 
observed in the absence of maternal toxicity. Also, in a pre- and postnatal development study in rats, 
midostaurin was maternally toxic (decreased body weight and body weight gain) with adverse effects on 
maternal performance (dystocia and decreases in number of live offspring). 
The specific hazard is that the intended patient populations for the drug may include pregnant females 
that receive chemotherapy regimens for their disease. Because of the risks identified in the animal 
reproductive and developmental toxicology studies, midostaurin cannot be safely added to those 
regimens. While the developmental toxicology studies in animals revealed fetal variations but not 
malformations, clinical practices are such that the review team concluded that a boxed warning for 
embryo-fetal toxicity is warranted. 
 
No issues arose during the review which precluded approval. However because of the nonclinical 
findings of fetal variations and embryo lethality, a PMR will be required for a registry of pregnancy 
outcomes for women who receive treatment with midostaurin during pregnancy.  
  

4. Clinical Pharmacology
No issues arose during the review which precluded approval. No post approval commitments are 
recommended. 
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From the primary clinical pharmacology review: 
The following is a summary of the clinical pharmacokinetics (PK) of midostaurin: 
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. The steady state of midostaurin and its active metabolites are 
similar following doses of 50 mg BID and 100 mg BID. CGP52421, CGP62221, and midostaurin (mean ± 
standard deviation) account for 38 ± 7 %, 28± 3 %, and 22± 5 % of AUC0-168h, respectively. 

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… 
 
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 midostaurin 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 
 
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 
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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… 
 
Therapeutic individualization 
Strong CYP3A inducers: Avoid concomitant use of strong CYP3A4 inducers. This 
recommendation is based on the significant decrease in midostaurin and metabolite exposures with 
strong CYP inducers, and that only 5% or less of patients in Trials A2301 and D2201 were 
coadministered strong CYP3A inducers. 
Strong CYP3A4 inhibitors: Consider alternative drugs that do not strongly inhibit CYP3A activity. 
Alternatively, use caution with coadministration of Rydapt with strong CYP3A inhibitors and closely 
monitor for adverse reactions, especially during the first week of Rydapt administration in SM 
populations, and during first week of Rydapt dosing in each chemotherapy cycle in AML population. 
The rationale for the recommendation stems from the following findings: 
1. Strong CYP3A inhibitors cannot be avoided in the AML patients with chemotherapy. 
2. The effect of strong CYP3A inhibitors on midostaurin exposure depends on duration of Rydapt dosing 
(10-fold increase after single dose and <2-fold at steady state). 
3. Midostaurin exposure demonstrates time dependent PK with the maximal concentrations reached 
within the first week of twice daily dosing. 
4. The lack of cycle level safety signals in patients taking strong CYP3A inhibitors in Trial A2301. 
5. Rydapt is recommended for administration only during Day 8 to Day 21 of 4-week cycles in the 
induction and consolidation phases in AML population but for continuous dosing in the SM population. 
 
Organ impairment: A lower starting dose is not recommended for patients with mild (total bilirubin 
greater than 1.0 to 1.5 times the ULN or AST > ULN) or moderate (total bilirubin 1.5 to 3.0 times the ULN 
and any value for AST) HI and RI (CLcr > 30 mL/min). This recommendation is based on population PK 
analysis that showed no discernable increase in midostaurin or its active metabolite exposure. In 
addition, the absence of changes in safety profiles in mild and moderate HI patients compared to 
patients with normal renal function support the recommendation of no dose adjustment in patients with 
mild or moderate HI. 
 

5. Clinical Microbiology –N/A 
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6. Clinical/Statistical-Efficacy
Two trials were submitted to support the indication in mastocytosis: D2201 and A2213. 
 
Dr. Kasamon, the primary clinical reviewer, and Dr. Przepiorka, the clinical team leader had issues with 
the submitted trial data. 
 
From the clinical team leader’s review regarding the trial issues: 
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 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 AHNs 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 SMAHN 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.  
 

Reference ID: 4090366



CDER Summary Review Template 2015 Edition  
Version date: July 29, 2015. For initial rollout (NME/original BLA reviews) 
 

11 

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. 
 
Of note, neither Amendment 2 nor any subsequent amendment took into account FDA’s advisement that 
pure clinical response (PCR, a subset of MR) and partial response (PR) by Valent criteria do not appear 
to be clinically relevant responses, and that only CR of adequate duration would be considered a clinical 
benefit for patients with MCL (see Section 2.3). Prof. Dr. Kluin-Nelemans’ statement regarding the 
unsuitability of the response criteria for evaluating patients with SM-AHN raises further questions about 
the assessment of response by the SSC… 
 
A2213 was a multicenter, single-arm, open-label study. Eligible patients had ASM, SM-AHN or MCL. 
Midostaurin was administrated orally at 100 mg twice daily, and treatment was discontinued in patients 
who did not achieve a major or partial response by the end of the second cycle of study treatment. The 
primary endpoint was ORR assessed by investigators after 2 cycles of treatment based on the original 
Valent criteria. The study used a Simon 2-stage design. A sample size of 25 subjects provided 89.6% 
power with a nominal 2-sided alpha of 0.094 to test the hypotheses Ho: p 0.10 versus Ha: 0.30. The 
case report forms did not capture C-findings, so baseline disease status and response could not be 
confirmed by FDA. Hence, although the results may provide useful supporting information, the quality of 
the data from A2213 may not be sufficient for labeling. 

Despite the issues outlined above both Dr. Kasamon and Dr. Przepiorka noted that patients with 
aggressive systemic mastocytosis treated with midostaurin had durable responses.  

From the clinical team leader review: 
I conclude that the response results from D2201 summarized in Table 8 in conjunction with the durability 
of response constitute substantial evidence of effectiveness of midostaurin for treatment of ASM and 
SM-AHN. There was only a single CR in the patients with MCL, and such a low response rate is not 
generally accepted as evidence of clinical benefit for an aggressive leukemia. But given the durability of 
the response, the serious nature of MCL, the lack of any other effective therapy, and the corroborating 
evidence in ASM and ASM-AHMD, even this limited data is sufficient evidence of effectiveness for MCL. 
The uncertainty regarding the dose needs to be considered when evaluating the overall risk and benefit 
for the SM population.

Table 8: SM - Evidence of Effectiveness in D2201 (from the Clinical Team Leader’s review) 
 

   CR+ICR (mValent/PEP) CR+PR (IWG-MRT/FAS) CR(IWG-MRT/FAS) 
 

ASM                                    6/16 (38%)             5/16 (31%)                     -  
SM-AHN                             9/57 (16%)             8/72 (11%)                      -  
MCL                                        -                               -                          1/21 (5%) 
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It should be noted that my conclusion is based specifically on the responses of CR+ICR by modified 
Valent criteria and CR+PR by IWG-MRT for AMD and SM-AHN. Although the myriad of lesser degrees 
of response by either set of criteria may be useful in assessing the degree of activity of a drug for 
treatment of SM during early phase trials, one would expect an objective measure of reduction in disease 
burden for regulatory decision-making, especially for regular approval. Hence, substantial weight was 
placed on CR+ICR by modified Valent criteria and CR+PR by IWG-MRT, which were the only responses 
that required reduction in mast cells, reduction in tryptase level, and reduction in organomegaly. 

The results from A2213 support the conclusion of effectiveness, but the lack of granularity in the raw 
data submitted diminished confidence in the accuracy of the response rates as reported. In fact, given 
the retrospective application of the revised criteria in Amendment 2 and confounding by AHN, there is 
some concern that use of the SSC may actually have introduced bias and reduced the accuracy of the 
response rates for D2201 as well. Hence, the outcomes by IWGMRT criteria in the FAS are critical to 
make conclusions regarding the effectiveness of midostaurin for treatment of SM. 

The only PRO data for midostaurin was in the systemic mastocytosis portion of the application. This data 
came from less than 100 patients in a single arm trial. 

The Division Director and Office Director concur with the primary reviewer’s and clinical team leader’s 
findings and agree that the Applicant has provided substantial evidence of effectiveness required by law 
21 CFR 314.126(a)(b) to support approval. 

7. Safety
All patients enrolled in both trials were part of the safety database. In addition 85 patients with other 
hematologic malignancies who received single agent midostaurin treatment were included. Median 
exposure for patients with ASM was 11.4 months. 
 
Dr. Kasamon notes the following: The safety analysis considered all causality AEs reported during 
treatment and up to 28 days after the last midostaurin dose. The analysis did not consider reported 
attributions because the studies were single arm and midostaurin is an NME….With the exception of 
laboratory values, the Sponsor did not collect baseline grade…. AEs were graded using NCI CTCAE 
version 3.0 and were classified using MedDRA terminology… 
 
The most common adverse reactions (ARs) (  20%) were nausea, vomiting, diarrhea, constipation, 
abdominal pain, edema, fatigue, upper respiratory tract infection, pyrexia, arthralgia, headache, and 
dyspnea.
Regarding on treatment deaths unrelated to underlying disease, the majority were due to infection or 
cardiac events. 

Commonly reported reasons for treatment discontinuation (  10%) included infection , nausea or 
vomiting, QT prolongation, hemorrhage. Dr. Kasamon noted: Worsening ascites, although also a 
commonly reported, is more likely a manifestation of SM than of toxicity. 
 
The most common reasons for dose modifications (  10%) were nausea, vomiting, QT prolongation, and 
neutropenia. 
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DRISK has determined no need for a REMS and the Division Director and Office Director concur with 
DRISK. However due to non-clinical studies data suggesting embyrofetal lethality and fetal variations a 
PMR will be required. 
 

8. Advisory Committee Meeting
 
This application was not taken to an AC as neither efficacy nor safety issues arose necessitating a public 
discussion. 

9. Pediatrics
 
This application has orphan designation and did not include pediatric patient data. 

 

10. Other Relevant Regulatory Issues 
 

Application Integrity Policy (AIP)- None 

Exclusivity or patent issues of concern- None 

Office of Scientific Investigations (OSI) Audits 

From the OSI review: 

The study data derived from clinical sites as reported by the sponsor to the NDA are considered 
reliable. 

FDA Form 483 was issued at the close of the inspection to the Applicant. The Applicant’s written 
response is Voluntary Action Indicated.   
 
Specifically, the following regulatory deficiencies were observed: 
a. Site 1408 (Italy) in Study 2301 was closed on October 2012, but was not reported to the Agency. 
b. Quality Control Monitoring Reports were not retained for two years, after the study 
discontinuation, and corrective action plan notification to the FDA for Study A2301 for 
five of the 21 U.S. sites. 
c. For Study A2301, 32 of the 51 U.S. clinical sites did not have site monitoring visits within six months 
after randomization of first study patient, as required by the monitoring plan. 
d. For Study D2201, monitoring visits were conducted more than one month late in five sites. 
 
The Applicant responded to the 483. OSI concluded that the data from the clinical sites was considered 
reliable. 
 

Financial Disclosure  
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No financial concerns arose during the review. 
 

Other Good Clinical Practice (GCP) issues - None 
 

11. Labeling
 

The labeling was reviewed by all staff and recommendations were taken into consideration. The 
indication for mastocytosis was altered to reflect better the disease studied and the response data 
submitted. Two warnings are in the label – potential for embryo fetal harm and pulmonary toxicity. 
The Applicant proposed the pulmonary toxicity warning which is supported by the 
Pharmacology/Toxicology review and the infections observed in the database. Differences of opinion 
existed about whether a boxed warning should be used because of the nonclinical findings of fetal 
variations and embryo lethality. After review of nonclinical findings for other chemotherapy products, 
the final decision was that a warning will be used in labeling and that a PMR will be required for a 
registry of pregnancy outcomes for women who are exposed to midostaurin during pregnancy. 

 

12. Post marketing 
 

Post marketing Risk Evaluation and Mitigation Strategies 
 

None 
 

Other Post marketing Requirements and Commitments 
 
Draft Language -PMR #1 
Establish a worldwide Pregnancy Surveillance Program (enhanced pharmacovigilance) to collect and 
analyze information for a minimum of 10 years on pregnancy complications and birth outcomes in 
women exposed to midostaurin during pregnancy.  Add notice of the Pregnancy Surveillance Program 
and telephone contact number (and/or website) to the prescribing information.  Provide a complete 
protocol which includes details regarding how you plan to encourage patients and providers to report 
pregnancy exposures (e.g. telephone contact number and/or website in prescribing information), 
measures to ensure complete data capture regarding pregnancy outcomes and any adverse effects in 
offspring, and plans for comprehensive data analysis and yearly reporting.  Submit yearly reports on the 
cumulative findings and analyses from the Pregnancy Surveillance Program. 
 

13. Office Director Conclusion 
This application was reviewed under the auspices of the Oncology Center of Excellence (OCE) per the 
OCE Intercenter Agreement.  The risk-benefit profile was also assessed by Drs. Farrell, Przepiorka and 
Kasamon who recommend approval.  I also recommend approval of this application. My signature below 
represents an approval recommendation for the clinical portion of this application under the OCE.   
 
My signature below also represents the approval decision of this application under CDER. 
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Clinical Pharmacology Review Sriram Subramaniam, PhD; Stacy Shord, PharmD (TL), Lian 
Ma, PhD; Nitin Mehrotra, PhD; Yuching Yang, PhD; Ping 
Zhao, PhD NAM Atiqur Rahman, PhD 
 

OMP/OPDP/DMPP LaShawn Griffiths, MSHS-PH, BSN, RN/Barbara Fuller, RN, 
MSN, CWOCN/Rowell Medina, PharmD, BCPS/Rachael 
Conklin, MS, RN 

OSI Anthony Orencia MD, FACP/Janice Pohlman MD, MPH/Kassa 
Ayalew, MD, MPH 

CDTL Review Donna Przepiorka, MD, PhD 
OSE/DEPI N/A 
OSE/DMEPA Leeza Rahimi, PharmD/Hina Mehta, PharmD 
OSE/DRISK Mei-Yean Chen, PharmD/Naomi Redd, PharmD/Cynthia 

Lacivita, PharmD 
Labeling Review Virginia Kwitkowski, MS, ACNP-BC 
IRT Dhananjay Marathe/Xiaofeng Wang/Janelle Chen/Qianyu 

Dang/Michael Y Li/Christine Garnett 
DPMH Jane Liedtka MD/Miriam Dinatale, DO/Lynne P. Yao, MD 
Clinical Outcomes Assessment Wen-Hung Chen/Selena Daniels/Elektra Papadopoulos 

OND=Office of New Drugs 
OPQ=Office of Pharmaceutical Quality 
OPDP=Office of Prescription Drug Promotion 
OSI=Office of Scientific Investigations 
CDTL=Cross-Discipline Team Leader 
OSE= Office of Surveillance and Epidemiology 
DEPI= Division of Epidemiology 
DMEPA=Division of Medication Error Prevention and Analysis 
DRISK=Division of Risk Management 
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using different types of cells and in xenograft models of AML. The established pharmacological class for 
midostaurin is kinase inhibitor… 
 
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 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. 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. 
 
Midostaurin was not genotoxic in the battery of genetic toxicology studies conducted. Midostaurin may 
impair male and female fertility. When male and female rats were administered midostaurin during a 
fertility study, midostaurin treatment was associated with testicular degeneration and atrophy, reduced 
sperm count and motility, and decreased reproductive organ weights in males. In addition, females 
exhibited increased resorptions (including total resorption of litter), decreased pregnancy rates, and 
decreased numbers of implants and live embryos. Based on this information the recommendation that 
females use effective contraception during treatment and for 4 months following the last dose of 
midostaurin was deemed acceptable for the RYDAPT label.  
 
Pharmacokinetic studies in pregnant rats and rabbits also demonstrated that midostaurin can be 
transferred to the fetus in utero and in milk during lactation. The effects of midostaurin treatment on 
reproductive and developmental toxicology study endpoints included embryolethality and fetotoxicity in 
rats and rabbits, at dose levels that were generally maternally toxic, but notably at dose levels 
corresponding to exposures well below human exposures at the recommended human doses of 50 and 
100 mg BID. In an embryo-fetal development study in rats, late embryofetal death, reduced fetal weight 
with effects on fetal growth including dilated brain ventricles, severe renal pelvic cavitation, reduced 
skeletal ossifications, malpositioned ovary and uterus, extra rib, and widened anterior fontanelle were 
observed in the absence of maternal toxicity. Also, in a pre- and postnatal development study in rats, 
midostaurin was maternally toxic (decreased body weight and body weight gain) with adverse effects on 
maternal performance (dystocia and decreases in number of live offspring). 
The specific hazard is that the intended patient populations for the drug may include pregnant females 
that receive chemotherapy regimens for their disease. Because of the risks identified in the animal 
reproductive and developmental toxicology studies, midostaurin cannot be safely added to those 
regimens. While the developmental toxicology studies in animals revealed fetal variations but not 
malformations, clinical practices are such that the review team concluded that a boxed warning for 
embryo-fetal toxicity is warranted. 
 
No issues arose during the review which precluded approval. However because of the nonclinical 
findings of fetal variations and embryolethality, a PMR will be required for a registry of pregnancy 
outcomes for women who receive treatment with midostaurin during pregnancy. 
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4. Clinical Pharmacology
 No issues arose during the review which precluded approval. No post approval commitments are 
recommended. 

From the primary clinical pharmacology review: 
The following is a summary of the clinical pharmacokinetics (PK) of midostaurin: 
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. The steady state of midostaurin and its active metabolites are 
similar following doses of 50 mg BID and 100 mg BID. CGP52421, CGP62221, and midostaurin (mean ± 
standard deviation) account for 38 ± 7 %, 28± 3 %, and 22± 5 % of AUC0-168h, respectively. 

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… 
 
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 
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Coadministration of ketoconazole (400 mg daily for 10 days) with a single dose of Rydapt (50 mg) on 
Day 6 increased AUCinf of midostaurin 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 
 
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… 
 
Therapeutic individualization 
Strong CYP3A inducers: Avoid concomitant use of strong CYP3A4 inducers. This 
recommendation is based on the significant decrease in midostaurin and metabolite exposures with 
strong CYP inducers, and that only 5% or less of patients in Trials A2301 and D2201 were 
coadministered strong CYP3A inducers. 
Strong CYP3A4 inhibitors: Consider alternative drugs that do not strongly inhibit CYP3A activity. 
Alternatively, use caution with coadministration of Rydapt with strong CYP3A inhibitors and closely 
monitor for adverse reactions, especially during the first week of Rydapt administration in SM 
populations, and during first week of Rydapt dosing in each chemotherapy cycle in AML population. 
 
The rationale for the recommendation stems from the following findings: 
1. Strong CYP3A inhibitors cannot be avoided in the AML patients with chemotherapy. 
2. The effect of strong CYP3A inhibitors on midostaurin exposure depends on duration of Rydapt dosing 
(10-fold increase after single dose and <2-fold at steady state). 
3. Midostaurin exposure demonstrates time dependent PK with the maximal concentrations reached 
within the first week of twice daily dosing. 
4. The lack of cycle level safety signals in patients taking strong CYP3A inhibitors in Trial A2301. 
5. Rydapt is recommended for administration only during Day 8 to Day 21 of 4-week cycles in the 
induction and consolidation phases in AML population but for continuous dosing in the SM population. 
 
Organ impairment: A lower starting dose is not recommended for patients with mild (total bilirubin 
greater than 1.0 to 1.5 times the ULN or AST > ULN) or moderate (total bilirubin 1.5 to3.0 times the ULN 
and any value for AST) HI and RI (CLcr > 30 mL/min). This recommendation is based on population PK 
analysis that showed no discernable increase in midostaurin or its active metabolite exposure. In 
addition, the absence of changes in safety profiles in mild and moderate HI patients compared to 
patients with normal renal function support the recommendation of no dose adjustment in patients with 
mild or moderate HI. 
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5. Clinical Microbiology –N/A 
 

6. Clinical/Statistical-Efficacy
 
From the clinical team leader’s review regarding the design and analyses: 
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. 
 
Most (93%) of the enrolled population enrolled met the eligibility criteria. The majority of protocol 
violations were minor. The protocol violations that were major were reviewed and were unlikely to have 
impacted the trial results. FLT3 TKD mutation was seen in 23% of enrolled patients and FLT3 ITD 
mutation was seen in 77%. About 79% of patients had NPM status known and 58% had NPM1 mutation. 
 
Less than 1% did not receive treatment. About a third of patients discontinued from the trial due to 
receiving a hematopoietic stem cell transplant. About 17% completed all 12 cycles of midostaurin 
therapy. There was a statistically significant difference (p=0.019) in overall survival OS that favored 
midostaurin treatment, with a hazard ratio of 0.77 (95% CI: 0.63, 0.96). Sensitivity analyses supported 
the conclusion of the protocol specified primary analysis as well as secondary endpoint analyses. 
  
 
From the primary clinical review: 
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9. Pediatrics
 
This application has orphan designation and did not include pediatric patient data. 

 

10. Other Relevant Regulatory Issues 
 

Application Integrity Policy (AIP)- None 

Exclusivity or patent issues of concern- None 

Office of Scientific Investigations (OSI) Audits 

FDA Form 483 was issued at the close of the inspection to the Applicant. The Applicant’s written 
response is Voluntary Action Indicated.   

From the OSI review: 

The study data derived from clinical sites as reported by the sponsor to the NDA are considered 
reliable… 

 
Specifically, the following regulatory deficiencies were observed: 
a. Site 1408 (Italy) in Study 2301 was closed on October 2012, but was not reported to the Agency. 
b. Quality Control Monitoring Reports were not retained for two years, after the study 
discontinuation, and corrective action plan notification to the FDA for Study A2301 for 
five of the 21 U.S. sites. 
c. For Study A2301, 32 of the 51 U.S. clinical sites did not have site monitoring visits within six months 
after randomization of first study patient, as required by the monitoring plan. 
d. For Study D2201, monitoring visits were conducted more than one month late in five sites. 
 
The Applicant responded to the 483. OSI concluded that the data from the clinical sites was considered 
reliable. 
 

Financial Disclosure  

No financial concerns arose during the review. 
 

Other Good Clinical Practice (GCP) issues - None 
 

11. Labeling
 
The approved labeling indication differs from the one proposed by the Applicant in several respects. 
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