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1. EXECUTIVE SUMMARY 
The Applicant is seeking approval of midostaurin, a kinase inhibitor of, but not limited to, Fms-
like tyrosine kinase 3 (FLT3) and tyrosine-protein kinase Kit (KIT), for two indications:

the treatment with standard chemotherapy  of 
patients with newly diagnosed acute myeloid leukemia (AML) harboring a FLT3 
mutation

as monotherapy for the treatment of patients with aggressive systemic mastocytosis 
(ASM), mastocytosis with associated hematological neoplasm (SM-AHN), or mast cell 
leukemia (MCL) [hereon referred to as advanced systemic mastocytosis (SM)].

The proposed dose for the AML indication is 50 mg twice daily (BID) and for the SM indication 
is 100 mg BID; midostaurin should be taken with food. The efficacy and safety of midostaurin in 
newly diagnosed FLT3 mutation-positive AML was supported by randomized, placebo-
controlled Trial A2301 (n=717) and in SM was supported by open-label, single arm Trial D2201 
(n=116).

The appropriateness of the proposed doses in the AML and SM populations was assessed based 
solely on the efficacy and safety of midostaurin in Trials A2301 (AML) and D2201 (SM) and the 
supporting clinical trials. The exposure-response (E-R) analysis was not useful to evaluate the 
acceptability of the proposed dose , as:

the E-R dataset was not representative of the overall treatment population for AML and dates 
and times of dosing and PK sampling were not recorded for most patients in Trial A2301.
Trial D2201 was a single arm trial and the dose was modified for most SM patients,

The Applicant submitted 21 clinical pharmacology studies in AML, SM, other disease 
populations, and healthy subjects. Population pharmacokinetic (PK) modeling was performed 
using data from AML and SM populations.

The key review questions focused on providing starting dose recommendations for patients 
taking concomitant strong CYP3A inhibitors and for patients with hepatic impairment, and 
appropriateness of the proposed dose and dose reduction schema for patients with SM.

1.1 Recommendations 
This NDA is approvable from a clinical pharmacology perspective, provided that the Applicant 
and the Agency come to an agreement regarding the labeling language. The Office of Clinical 
Pharmacology recommends approval of this NDA. Key review issues with specific 
recommendations and comments are summarized below:

Review Issues Recommendations and Comments
Supportive evidence of 
effectiveness

Clinical pharmacology data was not adequate to provide supportive 
evidence of effectiveness. A randomized, placebo-controlled Trial 
A2301 in AML and an open-label, single arm Trial D2201 in SM
provide primary evidence of effectiveness for midostaurin in the
AML and SM population, respectively.
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General dosing
instructions

The recommended dose is 50 mg BID on Days 8-21 of each cycle 
of induction and consolidation chemotherapy for AML population, 
and 100 mg BID continuously for SM population. Rydapt should be 
taken with food.

Dosing in patient
subgroups (intrinsic and
extrinsic factors)

Avoid coadministration of strong CYP3A4 inducers.
Consider coadministration of drugs that do not strongly inhibit 
CYP3A activity. Alternatively, use caution when Rydapt is 
coadministered with strong CYP3A inhibitors and closely 
monitor for adverse reactions, especially during the first week 
of Rydapt administration in SM population, and during first 
week of Rydapt dosing in each cycle in AML population.
No starting dose adjustment is recommended for patients with 
mild and moderate hepatic impairment and renal impairment.
Dose interruptions and dose reductions in SM population will 
be based on the protocol criteria.

Bridge between the “to-be-
marketed” and clinical 
trial formulations

A relative bioavailability trial showed no clinically meaningful 
difference in exposure following administration of the clinical 
formulation used during early clinical development and the final 
market image formulation used in late clinical development,
including the clinical trials that supported the proposed indications.

1.2 Post-Marketing Requirements and Commitment 
None recommended. The issue of PMR to evaluate the effect of Rydapt with strong CYP3A 
inhibitors on tolerability during the first week of dosing was discussed at the OCP briefing, but
was not considered 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.

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT 
2.1 Pharmacology and Clinical Pharmacokinetics 

Midostaurin is an inhibitor of multiple receptor tyrosine kinases, including Fms-like tyrosine 
kinase 3 (FLT3) and tyrosine-protein kinase Kit (KIT). The applicant proposes that FLT3 
inhibition and KIT inhibition are responsible for the observed efficacy in the proposed 
indications of AML and SM, respectfully. Midostaurin inhibited FLT3 (3.6, 6 nM, 20 nM) which
led to cell arrest and apoptosis in leukemic cells expressing mutant receptors or over expressing 
wild-type FLT3 receptors, and inhibited KIT (330 nM, 600 nM), which interfered with the 
aberrant signaling of KIT and inhibited mast cell proliferation, survival, and histamine release in 
BaF3 cell lines expressing KIT mutations and primary neoplastic mast cells. Other tyrosine 
kinases that midostaurin inhibits with similar activity are CSF- nM, 34 

serine/threonine kinase PKC (protein kinase C) family (31-280 nM), 
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and FGFR (91 nM) (refer to Appendix 4.9); adverse reactions known to be associated with these 
kinases are observed in patients treated with midostaurin.

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.

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 
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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
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.

2.2 Dosing and Therapeutic Individualization 
2.2.1 General dosing 

AML indication: The Applicant proposes a dosing regimen of 50 mg BID with food on Days 8 
to 21 of each cycle of induction and consolidation chemotherapy. The proposed midostaurin
dosing regimen is based on the dose administered in the placebo-controlled Trial A2301 (n=717)
and the supporting Trial A2106 (n=69). The Applicant stated that the proposed dosage was 
chosen based on similar exposure, higher complete response (CR) rate, and better tolerability 
compared to 100 mg BID with chemotherapy. Grade 3 gastrointestinal adverse reactions (nausea, 
diarrhea, vomiting), and dose reductions were primarily reported in the 100 mg BID cohorts in 
Trial A2106.

SM indication: The Applicant proposes a dosing regimen of 100 mg BID with food based on the 
dose administered in the open-label, single arm Trial D2201 (n=116) and supporting Trial A2213
(n=26). A dose of 50 mg BID was not evaluated in these studies. The Applicant stated that the 
proposed dose of 100 mg BID was chosen for Trial D2201 trial based similar exposure and 
tolerability as a dose of 75 mg TID evaluated in Trial A2213 and partial responses documented 
for a patient with KIT mutations on compassionate use at a dose of 100 mg BID.

Although food increases midostaurin exposure, Rydapt is recommended to be administered with 
food in both indications to reduce the incidence of gastrointestinal toxicity.
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CYP3A during induction and consolidation chemotherapy and the timing, duration and the type 
of anti-fungal treatment may vary between and within patients.

2.4 Summary of Labeling Recommendations 
The Office of Clinical Pharmacology recommends the following labeling concepts to be included 
in the final package insert:

Section 7.1
Recommendation to use caution with strong CYP3A inhibitors with Rydapt, as concomitant 
use of strong CYP3A4 inhibitors may increase exposure to midostaurin and decrease 
exposure of its active metabolites. If coadministration of a strong CYP3A4 inhibitor cannot 
be avoided, include recommendation to closely monitor for adverse reactions, especially 
during the first week of Rydapt administration in SM, or during the first week of Rydapt
administration in each cycle in AML. Two studies indicate that midostaurin exposure 
increases by up to 10-fold following a single dose of Rydapt and by about 2-fold around 
steady state in presence of strong CYP3A inhibitors
Recommendation to avoid concomitant use of strong CYP3A4 inducers with Rydapt,
because few patients were prescribed strong CYP3A inducers in Trials A2301 and D2201 
and strong CYP3A inducers decreased exposure of midostaurin and its active metabolites.

Section 12.2
Recommend to include the design and results of thorough QT study conducted at 75 mg BID 
for 3 days, and QT information in patients administered 50 mg BID in Trial A2301 and 100 
mg BID in Trial D2201.

Section 12.3
Describe the time dependent PK of midostaurin and its active metabolites, possibly due to 
CYP3A auto-induction, and the lack of dose proportionality (100 mg to 225 mg total daily 
dose) following multiple doses. 
Include information of midostaurin exposure with standard and high fat meal (with 
description of standard and high fat meal).
State that midostaurin PK is not affected by age, race, sex, mild and moderate HI and RI. 
Population PK showed no changes in PK with changes in CLcr and mild and moderate HI at 
steady state. Also, the dedicated HI study and clinical trials showed no major PK changes, or 
discernable safety signals in mild and moderate HI patients compared to patients with normal 
hepatic function.
State 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, that may potentially affect their safety 
or efficacy.
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Mean Terminal
Elimination half-
life

Midostaurin 21 (19%) hours, CGP62221 32 (31%) hours, and CGP52421 482 
(25%) hours.

Metabolism (Appendix 4.2.3)
Primary metabolic
pathway [in
vitro]

Midostaurin is primarily metabolized by CYP3A to its major active metabolites, 
CPG62221 and CPG52421.

Inhibitor/Inducer

Clinical studies show that strong CYP3A inhibitors increase exposure by ~10-fold 
after single dose and by ~2-fold at steady state, while strong CYP3A inducers 
decrease midostaurin exposure by ~90% after a single dose.

In vitro data suggests that midostaurin, CGP62221 and CGP52421 inhibit CYP1A2, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A and OATP1A1, and 
induce CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP3A, and MRP2.

Excretion (Appendix 4.2.3)
Primary excretion
Pathways (% dose)
±SD

Fecal excretion is the primary excretion pathway with 95% of the recovered dose 
excreted in feces, primarily as metabolites (~ 4 % as unchanged drug). Urinary 
excretion accounts for 5% of the recovered dose, all as metabolites.

3.2 Clinical Pharmacology Questions 

3.2.1 Does the clinical pharmacology information provide supportive evidence of 
effectiveness? 

No, the clinical pharmacology information was inadequate to provide supportive evidence of 
effectiveness for the AML and the SM population.

AML population: The proposed dose of 50 mg BID with food on Days 8 to 21 of induction and 
consolidation chemotherapy cycles is based on a safety and efficacy data observed in the 
placebo-controlled trial (RATIFY: A2301). 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.

SM population: The proposed dose of 100 mg BID dose with food is based on the safety and 
activity observed in single open label trial (D2201) and a supporting trial (A2213). 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.

Refer to Appendix 5 for more details on the E-R analyses.

3.2.2 Is the proposed general dosing regimen appropriate for the general patient 
population for which the indication is being sought? 

AML Population: 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 

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
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gastrointestinal toxicities and dose reductions at a dose of 100 mg BID with chemotherapy in 
Trial A2106.

In Trial A2301 (AML), the most frequent adverse drug reactions (ADR) in the Rydapt plus 
chemotherapy arm were febrile neutropenia, nausea, exfoliative dermatitis, vomiting, headache, 
petechiae and pyrexia. The most frequent Grade 3/4 adverse reactions (AR) were febrile 
neutropenia, device related infection, exfoliative dermatitis, and nausea. Febrile neutropenia 
(15.7%) was the most frequent serious AR in AML population in the Rydapt plus chemotherapy 
arm occurred at a similar rate in the placebo arm (15.8%). Also, discontinuation due to any ARs
occurred in 8.3% of patients in the Rydapt arm versus 5.3% in the placebo arm. The most 
frequent Grade 3/4 AR leading to discontinuation in the Rydapt arm was exfoliative dermatitis.

SM Population: 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.

In Trials D22001 and A2213 (SM), the most frequent ARs were nausea, vomiting, diarrhea, 
constipation, abdominal pain, edema, fatigue, upper respiratory tract infection, pyrexia, 
arthralgia, headache, and dyspnea.
sepsis, pneumonia, febrile neutropenia, gastrointestinal hemorrhage, diarrhea, edema, nausea, 
vomiting, abdominal pain, and dyspnea. ARs led to dose modifications in 56% of patients:
mainly due to nausea, vomiting, QT prolongation, and neutropenia. Treatment discontinuation 
due to ARs occurred in 21% of patients. The most frequent reasons were infection, nausea or 
vomiting, QT prolongation, and hemorrhage..

3.2.3 Is an alternative dosing regimen and management strategy required for 
subpopulations based on intrinsic factors? 

No. Based on the results of the dedicated HI study, population PK analysis, and assessments of 
safety and efficacy in AML and SM populations, 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 greater than the 
ULN) or moderate (total bilirubin 1.5 to 3.0 times the ULN and any value for AST) HI and for 
patients with RI (CLcr > 30 mL/hr). The effect of severe HI is unknown, as only 2 to 3 patients 
with severe HI (total bilirubin greater than 3.0 times the ULN and any value for AST) received 
midostaurin during the clinical development.

PK Comparison: Population PK results showed that age, sex, race, mild and moderate HI (at 
steady state), and RI had no clinically meaningful effect on the PK of midostaurin and its active 
metabolites (Appendix 5). Also, the dedicated HI study indicated that midostaurin, CGP62221 
and CGP52421 exposures (AUC0-12hr) were decreased by 20% to 40% in patients with mild HI 
and moderate HI (and increased by less 2-fold in the moderate HI group for unbound fraction)
compared to patients with normal hepatic function following twice daily dosing for 7 days.

Safety Comparison: The incidence of AEs, serious AEs, Grade 3/4 AEs and deaths were similar 
for patients with mild and moderate HI as compared to patients with normal hepatic function in 
AML and SM populations (Appendix 4.3). Also, the incidence of AEs between the above groups 
were similar between the placebo and midostaurin arms in the AML population. However, the 
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incidence of treatment discontinuations in AML population, and discontinuations and dose 
modifications in the SM population were higher for patients with moderate HI compared to 
patients with normal hepatic function in the midostaurin arm.

Efficacy Comparison: The primary efficacy response rates were similar for patients with mild 
HI compared to patients with normal hepatic function in SM and AML populations (Appendix 
4.3). No comparison could be made for patients with moderate HI, as too few patients with 
moderate HI were available for efficacy comparison.

3.2.4 Are there clinically relevant food-drug or drug-drug interactions and what is 
the appropriate management strategy? 

Yes. 

Drug Interactions: A management strategy is required for the coadministration of strong 
CYP3A4 modulators. A description of possible interaction with multiple CYP substrates will be 
included in the labeling, as well.

Drug interaction studies indicated that midostaurin exposures (AUCinf, or AUC or Cmin)
increases up to 10-fold with single dose and up to 2-fold at steady state with strong CYP3A 
inhibitor (Appendix 4.4.1).

There were no restrictions for the use of CYP3A modulators in the Trial A2301 and ~62% and 
46% of the patients were treated with strong CYP3A inhibitors in the induction and consolidation 
phases of the trial, respectively. As fungal infections are a common cause of morbidity and 
mortality in AML population, most patients were on antifungal agents that are strong CYP3A 
inhibitors during induction and consolidation therapy (Appendix 4.4.1).

A lower starting dose is not recommended based on the available data; however, due to the 
potential for increase in midostaurin exposure, drugs that do not strongly inhibit CYP3A activity 
should be considered. Alternatively, caution should be exercised with the coadministration of 
Rydapt with strong CYP3A inhibitors and ARs should be closely monitored, especially during the 
first week of Rydapt administration (where maximal exposures are anticipated) in SM population, 
and during first week of Rydapt dosing in each cycle in AML population (as dosing AML patients 
is only for 2 weeks in a 4 week cycle). No post market study requirement is necessary to assess 
the impact of strong CYP3A4 inhibitors on the tolerability during the first week of Rydapt dosing 
as no discernable safety signal were observed with strong CYP3A inhibitors in Trial A2301. In 
addition, it is important to note that dose reductions/modifications were not specified in the trial 
protocol and only 8% of patients were discontinued due to AEs. Additionally, a post market 
safety trial would be difficult to conducts, because a comparator arm (i.e., without CYP3A 
inhibitors) would not be possible as most patients with AML on induction and consolidation 
chemotherapy are prescribed anti-fungal prophylaxis or treatment that strongly inhibit CYP3A
and the anti-fungal treatment course may vary between and within patients.

Use of strong CYP3A inducers should be avoided with Rydapt, as midostaurin and its active 
metabolite exposures (AUCinf) are decreased by ~90% following a single dose of Rydapt with 
strong CYP3A inducers (Appendix 4.4.1). Further, in Trials A2301 and D2201, use of strong 
CYP3A inducers was .

Food Effect: Food increases exposure (AUCinf) of midostaurin (22% with standard meal and 
59% with high-fat meal) (Appendix 4.2.1). In the pivotal studies, Rydapt was administered with 
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4. APPENDICES 

4.1 General PK Data Information 

4.1.1 Dose proportionality 

Dose Proportionality After a Single Dose (25 mg to 100 mg)
The AUC0-12hr of midostaurin, CGP62221, and CGP52421 showed dose proportionality after a 
single dose in the range of 25 mg to 100 mg (beta estimate was ~1, with CI limits overlapping 
with the equivalence bound).

Figure 1: Dose proportionality of AUC0-12hr after single dose

Dose Proportionality After Multiple Dosing (100 mg to 225 mg)

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 75 mg TID.

Midostaurin 

 

Solid line is PK parameter = exp(alpha)*dose**beta  
Dotted line is PK parameter = exp(alpha)*dose
Data from A1101 (25 mg), A2108, A2109, A2110, 
A2111 & A1101 (50 mg), A2113 & A1101 (75 mg 
TID), A1101 (100 mg).
Source: SCP, Post text Figures 5-17 to 5-19

CGP6221 

 

CGP52421 
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included P39.8 (epimer 2 of CGP52421), P38.7 (CGP62221) and PKC412.  Also, P37.7 (epimer 
1 of CGP52421) was found as a minor component.

Excretion
The mean radioactivity recovery in urine and feces was 82% of the dose within 20 days. No 
radioactivity was detected on Day 83. Fecal excretion was the major elimination pathway 
accounting for 78% of the dose, with 3.4% of the dose as unchanged drug. Less than 4% of the 
administered dose is recovered in urine, and no unchanged drug was found in the urine. 
The total radioactivity concentrations were much lower in blood than in plasma (Cb/Cp 0.49 –
0.64).

4.3 Specific Populations  
No dose adjustment is recommended for age (20-94 years), sex, and race, mild and moderate HI 
and RI as these factors did not affect the PK of midostaurin and its active metabolites (Appendix 
5).

Renal Impairment
A lower starting dose is not recommended for patients with mild and moderate HI and RI (CLcr 
> 30 mL/min). The effect of severe RI on PK of midostaurin and its active metabolites has not 
been evaluated.

Less than 4% of the administered dose is recovered in urine, and no unchanged drug was found 
in the urine.  No dedicated RI study was conducted. Population PK analysis that included 
patients with mild and moderate RI, showed that CLcr (as surrogate for renal function) had no
significant impact on midostaurin clearance (Appendix 5).  The effect of severe RI (CLcr < 29 
mL/min) could not be quantified as data from only four patients with severe renal impairment 
was available. Of note, 3 of the 4 patients have CLcr > 28 ml/min.

Hepatic Impairment
A lower starting dose is not recommended for patients with mild to moderate HI based on the 
available PK, safety and efficacy data. The effect of severe HI on PK of midostaurin and its 
active metabolites has not been evaluated, and safety and efficacy data in this population is 
limited.

The Applicant conducted a dedicated HI study (A2116) in non-cancer patients to demonstrate the
effect of HI on PK of midostaurin and its active metabolites. The effect of HI on PK was further 
evaluated by applicant’s population PK analysis. In addition, safety and efficacy of midostaurin 
was assessed in patients with various degrees of HI and in patients with normal hepatic function 
in the AML and SM populations.

PK Comparison:
Trial A2116 was designed to evaluate the effect of HI on the PK of midostaurin and its active 
metabolites. Thirty healthy subjects were enrolled: 13 with normal hepatic function, and 10 with 
mild (Child-Pugh A) & 7 with moderate (Child-Pugh-B) HI.  The subjects were administered 50
mg BID for 6 days.  PK samples were collected at predose, and up to 12 hr post dose on Day 1, 
and at predose on Days 2-6. Following a 50 mg dose on Day 7, PK samples were collected for up 
to 96 hrs post-dose. AAG was analyzed at predose on Day 1, and free fraction evaluated on Day 
1 at predose and Day 7 at 3 hrs.

Reference ID: 4049597





 

23 
  

Table 8: Hepatic impairment classification in AML population PK datasets

Source: Applicant’s PopPK report in AML patients, Table 4-2

Table 9: Hepatic impairment classification in SM population PK datasets

Source: Applicant’s PopPK report in ASM patients, Table 4-2

Figure 4: Comparison of post hoc steady state clearance by hepatic function category in ASM patients.   

 
 

Safety Comparison:
In response to an information request (IR), the Applicant provided a summary of the safety data 
for patients with HI from pooled data for SM population from Trail D2201 and A2213, and for 
AML population from Trial A2301. An evaluation of the summary safety data revealed that the 
incidence of total AEs, Grade 3/4 AEs, serious AEs, and deaths for patients with mild and 
moderate HI impairment were comparable to those in patients with normal hepatic function for 
the SM and AML populations (Table 10 and Table 11).  Treatment discontinuations and dose 
modifications due to AEs appear to increase for patients moderate HI.  Nonetheless, these were 
resolved by dose modifications in SM populations in Trial D2201, and discontinuations due to 
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voriconazole) at any time within 4 days prior to a PK sample. The Applicant reported that 
analysis indicated that strong CYP3A inhibitors increased exposure (Cmin) of midostaurin by 2.7-
fold (90% CI: 1.9, 3.8).  However, the analysis is confounded as the exposure estimates are 
average exposures within and between cycles, and does not differentiate between early phase of 
the first cycle (i.e., higher exposures within the first week) and at steady state (lower exposure).
Further, the PK data at each time point is sparse (2 to 6 patients) and different strong CYP3A 
inhibitors (itraconazole, voriconazole) were used and the doses of the CYP3A inhibitors were 
not recorded. Additionally, dose adjusted exposure is not reliable as 50 mg BID and 100 mg 
BID doses are not dose proportional.

Trial A2301 (RATIFY):
Fungal infections are a common cause of morbidity and mortality in patients with AML. The 
trial allowed use of strong CYP3A inhibitors without restrictions, and between the midostaurin 
and placebo groups, 60.8%, 45.6% and 10.8% of patients in the induction, consolidation and 
continuation phases, respectively were administered strong CYP3A inhibitors. About 62% of the 
patients received midostaurin concomitantly with strong inhibitors of CYP3A4 in the induction 
phase.

The Applicant reported that strong CYP3A inhibitors increased exposure (Cmin) of midostaurin 
only by 1.4-fold (90% CI: 1.1, 1.8);, however, the analysis is confounded for the following 
reasons:
1) Except for the first midostaurin dose administered on C1D8 in the induction phase, the exact 

dates and dosing times were not recorded for all patients. The Applicant stated that CRF 
versions 1 and 2 included start and end dates of dosing while CRF version 3 did not include 
these dates, and that CRF version 3 was used to collect data from 89% of the total patients 
involved in PK sampling at some point throughout the trial. Therefore, it appears the start 
and the end dates were imputed for most patients during the trial.

2) The dates and times for the PK samples were not recorded. The date and time was assigned to 
each PK sample based on the imputed date and time of the dose. Also, the study report for 
Trial A2301 states that “some pre-dose time points may actually correspond to post-dose.”

3) The actual start and end dates of the AEs were not collected. AEs were collected within 
reporting periods associated with each cycle and recorded (worst grade) in the CRF. The 
reported dates for AEs corresponded to the period during which the AE occurred.

4) The start and end dates for the administration of the CYP3A4 modulators were collected, but 
any CYP3A4 modulator with a start or end date within a given cycle was attributed to all PK 
samples of the same cycle.

5) Exposure estimates are average exposures within and between cycles, and do not 
differentiate between higher exposure observed within the first week in each cycle and the 
lower exposure at end of each cycle.

ARs were collected only at the cycle level in Trial A2301.  Analysis of the incidence (% of total 
patients) of frequently observed ARs with Grade 3/4 severity at cycle level in the induction 
phase and all phases (overall) in Trial A2301 demonstrated that majority of ARs with 
midostaurin and strong CYP3A4 inhibitors were 1.3-fold  compared to those without the 
inhibitors, and similar results were observed with placebo in the presence and absence of CYP3A 
inhibitors (see Table 16). Also, similar AR results were observed for the consolidation phase (not 
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4.4.2 In Vitro Drug Interaction Studies 

Midostaurin undergoes metabolism primarily by CYP3A4 to its active metabolites, CGP62221 
and CGP52421. In addition, midostaurin, CGP62221 and CGP52421 inhibited CYP1A2, 
CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E1 (R values are > 1.1), and OATP1A1 and 
induced CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP3A, and MRP2 (mRNA levels
were > predefined threshold) in vitro.

Effect of CYP enzymes on midostaurin
Midostaurin, CGP62221 and CGP52421 are mainly metabolized by CYP3A4.

With preincubation with recombinant CYP enzymes, CYP3A4 was shown to be the main 
contributor to the formation of the two major metabolites, CGP62221 and CGP52421 in 
vitro. No metabolism could be detected with CYP1A2, 2A6, 2B6, 2C8, C9, 2C19, 2D6, 2E1 
and 3A5 in vitro with midostaurin (10 μM).
With recombinant CYP enzymes, CYP1A1 and CYP3A were found capable of metabolizing 
both CGP62221 and CGP52421 at 0.5 or 5 μM, while CYP2D6 was capable of metabolizing 
CGP62221 only at the higher concentration (5 μM).
CYP3A4 was shown to be the major contributor of the metabolic clearance of CGP62221 
and CGP52421 in humans. The estimated intrinsic CL (Clint), as determined from HLM and 
recombinant human CYP3A4 incubations, showed that for CGP52421 was appreciably 
higher than that for CGP62221.
No appreciable decrease of CGP62221 or CGP52421 area ratio was observed with any of the 
recombinant human UGT enzymes examined. This data suggested direct glucuronidation 
does not contribute to the clearance of CGP62221 and CGP52421.

 
Effect of transporters on midostaurin

Midostaurin (0-1 -11 μM) is not a substrate of P-gp or MRP2 in cell lines, based on the 
efflux ratios.
Midostaurin (1.4 μM) is not actively taken into human liver via the major hepatic uptake 
transporters in human hepatocytes.

Effect of midostaurin on other drugs
The maximal and steady state midostaurin and CGP62221 concentrations are in the range of 5-7
μM and 1-2 μM, respectively. Based on the IC50 values (0.5-5 μM) for midostaurin, CGP62221, 
and CGP52421 from the in vitro inhibition, the R value were > 1.1 for CYP1A2, CYP2C8, 
CYP2C9, CYP2C19, CYP2D6, CYP2E1, CYP3A, and OATP1A1 , suggesting that midostaurin, 
and its active metabolites are likely inhibitors of these enzymes. Also, midostaurin, CGP62221, 
and CGP52421 induced mRNA levels of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19, 
CYP3A, and MRP2 above the predefined threshold at clinically relevant concentrations (> 1μM).

Effect of midostaurin of CYP enzymes 
Midostaurin, CGP62221, and CGP52421 inhibited CYP3A (IC50 1-2 μM); CGP62221 
inhibited CYP2C9 (IC50 < 1 μM), CYP1A2 (IC50~1.5 μM) and CYP2C8 (IC50 ~ 5 μM); and 
CGP52421 inhibited CYP2D6 (IC50 ~ 5 μM) (R0300937) in HLM.
Midostaurin inhibited CYP1A2 (IC50 ~3 μM), CYP2C8 (IC50 ~5 μM), CYP2C9 (IC50 ~0.5 
μM), CYP2D6 (IC50 ~1 μM), CYP2E1 (IC50 ~0.5 μM) and CYP3A4/5 (IC50
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pooled HLM.
Midostaurin, CGP62221, and CGP52421 shows limited or no inhibition of CYP2A6 & 
CYP2B6 (IC50

Midostaurin, CGP62221, and CGP52421 shows time dependent inhibition of CYP3A4 (Ki 1-
2 μM), but not for CYP1A2, 2B6, 2C9, 2C19 or 2D6 in pooled HLM. Midostaurin also 
showed time dependent inhibition of CYP2C8 although at 10-fold higher concentration (Ki 
18 μM).
Midostaurin, CGP62221, and CGP52421 (at 1-50 μM) were found to activate reporter gene 
(CYP3A4 promoter-luciferase reporter gene) by 3- to 9-fold in cell-line expressing human 
pregnane X-receptor (PXR).
Midostaurin (0-25 μM), CGP52421, and CGP62221 (0-10 μM) induced mRNA levels (> 2-
fold of vehicle control or >40% of positive control in all 3 donors) of CYP1A, 2B6, 2C8, 
2C9, 2J2, 3A.

Effect of midostaurin on transporters 
Inhibition of P-gp (IC50

-mediated probe transport) activities was observed by midostaurin 
in transporter over-expressed cell lines.  The ratio of steady state concentration to IC50 is >
0.1 suggesting a potential for midostaurin to affect the PK of P-gp and BCRP substrates in 
vivo. However, maximal inhibition by midostaurin was only 35% to 40% of the inhibition of 
positive controls, indicating only partial inhibition. 
Midostaurin (up to 25 μM) did not inhibit MRP2 activity in vitro. The ratio of steady state 
concentration to IC50 < 1 and ratio of molar dose in 250 mL (350 μM) to  IC50 < 10 
indicating the midostaurin is not likely to cause a clinical interaction with drugs that are 
substrates of MRP2.
Midostaurin, CGP62221, and CGP52421 inhibited organic anion transporting polypeptide 
(OATP) 1B1 (IC50 0.3 to ~1.3 , with steady state levels to IC50 ratio 
>0.1. Midostaurin inhibited OATP1B3 (IC50 ; however, CGP62221 and 
CGP52421 at 5-10 μM inhibited OATP1B3 activity by <35%. The ratio of steady state to 
IC50 suggests a potential effect on the PK of co-
medications whose clearance is mediated by OATP1B1.
Midostaurin (up to 2.5 μM), CGP62221 and CGP52421 (up to 10 μM) had little effect on the 
activity of human renal organic anion transporters 1 (OAT1) and 3 (OAT3).
Midostaurin (0-25 μM), CGP52421, and CGP62221 (0-10 μM) induced mRNA levels (i.e., >
2-fold of vehicle control or >40% of positive control in all 3 donors) of MRP2.

4.5 Relative Bioavailability 
The results of the relative bioavailability (BA) trial showed no clinically meaningful difference 
in exposure following administration of clinical service formulation (CSF) used during early 
clinical development and the final market image (FMI) formulation used in late clinical 
development which included the clinical trials that supported the proposed indications.

The majority of the clinical studies used two midostaurin formulations: 
Soft capsule CSF in early clinical studies.
25 mg soft capsules final market image (FMI) formulation in later studies  

).

Reference ID: 4049597

(b) (4)











 

36 
  

Stability
Midostaurin and CGP62221
Midostaurin and CGP62221 were stable for at least 728 days in human QC plasma samples 
(Method R0900346-01) and at least 96 months (about 2880 days) in incurred samples, when 
stored at -24°C±6°C (see Incurred Sample Reanalyses). This period covers the duration for all 
PK samples stored for all clinical studies that measured midostaurin and CGP62221.

CGP52421
CGP52421 was stable for at least 1358 days based on human QC plasma samples at -
24°C±6°C, and for 4.7 years based on incurred samples.
CGP52421 was not stable after 71 months of storage demonstrated by incurred sample 
reanalysis.  

This period 1358 days covers the duration in which PK samples were stored for all studies, 
except study A2213 where samples were stored for up to 2203 days. However, in their 
response dated January 3, 2016 (SDN 60), the Applicant assessed the impact of the samples 
from 15 of 26 subjects that were stored for > 3.7 years in Trial A2213, and concluded that no 
discernable difference were observed between mean CGP52421 time-concentration profiles 
of samples that were stored for < 3.7 years and >3.7 years.  Evaluation of the mean 
CGP52421 time-concentration profiles revealed that mean concentrations were similar for 
initial PK sampling times (about 7 days) but differences in concentrations were observed for 
later PK sampling times.  However, the concentrations in Trial A2213 were similar to the 
concentrations observed in Trial D2201.

According to the bioanalytical report, samples from Trial D2201 were analyzed within 1358 
days. 

Room temperature stability for 2, 4 and 7 days was not demonstrated for CGP52421 (but was 
demonstrated for midostaurin and CGP62221). In Trial D2201, 12 shipments of a total of 77 
PK samples (1-18  samples/shipment)  were received with samples thawed on receipt, some
with little or no ice in the shipping boxes, at the bioanalytical site within 7 days after
shipment (temperature was 19-21ºC on receipt).

It should be noted that the maximal trough and steady state CGP52421 concentrations in Trials
D2201 and A2213 in SM population were observed to be 2 to 3-fold lower than those from AML 
population. The reason for this discrepancy is not readily apparent, as the midostaurin and 
CGP62221 concentrations are comparable between SM and AML population. Based on the 
above findings for CGP52421, problems with initial analysis of CGP52421, and the differences 
in concentrations between SM and AML studies, the concentration data for CGP52421 in SM 
population should be interpreted with caution.  

Incurred sample Reanalyses
Cross-Check of Methods R03000105, R0900346, & R0900346a:
Samples from TrialsA2104 & A2213 that were originally at Novartis, France (R0300105) were
reanalayzed, 8 years after original analysis, with  Method (R9000346). The incurred sample 
comparison revealed that CGP52421 concentrations  at  were ~6 times lower than those at 
Novartis. Midostaurin and CGP62221 concentrations between both analytical methods were 
within 20% of each other,  as specified in the FDA’s Bioanalytical Method Validation guidance.
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With the Method R0300105 used at Novartis only one peak for CGP52421 was observed. 
However, with  Method R09000346, 2 peaks were observed for CGP52421.

A full ion mass scan of the reference standard for CGP52421 and the product ion scan of the 
parent ion using both methods, revealed that the two peaks with  Method R09000346 
corresponded to the two epimers of CGP52421 and both epimers were co-eluted with the 
Novartis method R0300105.

Therefore, revalidated Method R0900346 for CGP52421 under R0900346a. Moreover, 53 
samples from Trial A2104 initially analyzed with Method R0300105 were reanalyzed, 4.7 years 
after first PK collection, with Method R0900346a for CGP52421. Method R0900346a was 
reproducible in that 82% of the reanalyzed samples were within 20% of the concentrations 
originally analyzed with Method R0300105 for CGP52421.

Cross Check of Methods R1000620 and R0300105
Fifty samples from Trial A2112 (midazolam) originally analyzed with Method R0300105 were 
reanalyzed with  Method R1000620. Method R1000620 was reproducible for midostaurin 
& CGP62221, as ~80% of samples for midostaurin & CGP62221 were within 20% of original
values analyzed with Method R0300105. However, none of the samples for CGP54241 were 
within 20% of the original concentrations: all sample CGP54241 concentrations were 2-fold 
higher. This does not meet the reproducibility criteria specified in the FDA’s Bioanalytical 
Method Validation guidance. Therefore, Method R1000620 is not valid for measuring 
CGP52421. This led to revalidation of the method for CGP52421 under Method R1300007.

Cross Check of Methods R1300007 and R0300105
Fifty-one samples from Trial AUS08T, originally analyzed at Novartis method R0300105, were 
reanalyzed at  Method R130007 for CGP52421. Seventy seven percent of reanalyzed 
samples were within 20% of original values from Method R0300105, demonstrating that Method
R130007 was reproducible for CGP54241 per the FDA’s Bioanalytical Method Validation 
guidance.

4.9 In vitro activity of midostaurin and its active metabolites 
In Vitro Activity
Midostaurin and its active metabolite, CGP62221 and CGP52421, are multi kinase inhibitors.
Midostaurin exhibits similar inhibitory activity for other tyrosine kinases compared to FLT3 and 
KIT, including CSF-
kinase C), FGFR and VEGFR2 (Table 24).  Also, these kinases are known to be associated with 
many of the AEs observed in patients treated with midostaurin, and AML cells may have more 
than one kinase mutation.  Therefore, the Applicant’s potency-adjusted exposure estimates of the 
sum of analytes based in vitro antiproliferative activity for FLT3 and KIT may not be a reliable 
assessment of the effect of various intrinsic and extrinsic factors on the exposure of midostaurin 
and its metabolites.
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Reviewer’s Comments:

1. Even though age, sex and weight on CL were included in the final models for AML, and 
age, sex and race were included in the models for ASM, the magnitude of these effects 
was not considered clinically significant. 

2. Based on applicant’s response to information requests, the actual start and stop dates 
were not collected for the administration of CYP3A4 modulators, therefore no inference 
about the effect of CYP3A4 modulators on PK can be made with the submitted analysis.

3. As stated above, the effect of severe renal impairment could not be quantified due to only 
4 patients in this category. Of note, 3 of these 4 patients had CLcr > 28 ml/min and thus 
results cannot be generalized to the overall severe renal impairment (CLcr=15-30
ml/min) population.

4. The applicant’s population PK model appears acceptable for evaluating the effect of 
hepatic impairment on PK of midostaurin and the model generally captured the data well 
for patients with mild/moderate hepatic impairment (Figure 10). For AML population, 
only AST was used to group patients (instead of AST and total bilirubin) because several 
studies did not collect total bilirubin data. Therefore, the comparison between hepatic 
function categories was only made in ASM population and the reviewer agrees with the 
assessment that there is no effect of mild/moderate hepatic impairment on PK of 
midostaurin (Figure 11). In addition, the safety profile was consistent among patients 
with normal, mild and moderate hepatic impairment indicating that no dose adjustment is 
needed for patients with mild or moderate hepatic impairment.
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Figure 10: Goodness-of-fit plot for the final population PK model for patients with mild/ moderate 
hepatic impairment

Figure 11: Comparison of post hoc steady state clearance by hepatic function category in ASM patients  
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I. Objective 

This review evaluates the validity of the applicant’s conclusions regarding the ability of its 
physiologically-based pharmacokinetic (PBPK) models to predict the drug-drug interaction (DDI) 
potential between midostaurin and various CYP3A modulators in humans. 

To support its conclusions the applicant provided the following PBPK modeling and simulation report 
and updates:   

  simulations of clinical pharmacokinetics and CYP3A4 drug-drug interactions for PKC412 
and its metabolites, CGP52421 and CGP62221 [1] 

 

II. Background 

Midostaurin (PKC412) is a potent tyrosine kinase inhibitor developed by Novartis to treat newly-
diagnosed FLT3-mutated acute myeloid leukemia (AML) and advanced systemic mastocytosis (ASM).  
Midostaurin is mainly metabolized by CYP3A to form its two major active metabolites, 7-hydroxyl-
PKC412 (CGP5) and O-demethyl-PKC412 (CGP6).  Midostaurin and its metabolites exhibit multiple CYP-
based interaction mechanisms in vitro, including time-dependent inhibition (TDI) and mixed 
inhibition/induction.  In vitro studies also suggested that midostaurin and its metabolites inhibited drug 
transporters p-glycoprotein (P-gp), breast cancer resistant protein (BCRP) and organic anion transporting 
peptide (OATP) 1B1.  Midostaurin is highly bound to plasma protein (>99.9%).  The median terminal half-
lives of midostaurin, CGP5 and CGP6 in plasma after a single oral dose are 19.6, 32.2 and 482 h, 
respectively [2].  Once absorbed, midostaurin is mainly excreted in feces as metabolites (>95% of the 
administrated dose).  Time-dependent pharmacokinetics (PK) profiles in plasma were observed clinically 
for midostaurin and its metabolites.  Following multiple oral doses of midostaurin of 50 and 100 mg 
twice daily (b.i.d), the midostaurin concentration would increase in plasma (peaking around 7 day), and 
then decline with time to reach steady-state after 28 days [2].  A similar pattern was observed in CGP6.  
For CGP5, the plasma concentration increased continuously with time up to 4 months.  After a month-
long treatment, the ratios of CGP5 and CGP6 in plasma ranged 2.5-9 folds in patients until at least three 
months [2, pg. 29].  Applicant proposed dosing regimens of 50 and 100 mg b.i.d for AML and ASM 
treatment respectively [3].   

The applicant conducted four clinical drug-drug interaction studies in healthy subjects to assess the 
interactions regarding midostaurin being used as a victim and a modulator of CYP3A.  Table 1 
summarizes the ratios of maximum observed plasma concentration (Cmax) and area under curve (AUC) 
of test substrates in these studies [1].  In its proposed prescription information [USPI], the applicant 
recommended that midostaurin should not be concomitantly administered with strong CYP3A inducers 
[3].  
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IV. Review question  

IV.1 Does midostaurin PBPK models adequately describe the PK profiles of midostaurin and 
metabolites in various exposure scenarios? 
No, applicant’s PBPK models of midostaurin and its metabolites were not able to capture PK profiles of 
midostaurin and metabolites, especially after the drug is administered repeatedly.   

The simulated PK profiles of midostaurin, CGP5 and CGP6 were in good agreement with observed data 
following a single dose of 50 mg in healthy subjects (Appendix Figure A1).  The model reasonably 
described the PK profiles of midostaurin and CPG6 on day 1 following multiple dosing of 50 mg 
midostaurin b.i.d for 7 days, but tended to underpredict those of midostaurin and CPG5 on day 7 (Figure 
1).   

Figure 1.  Observed and simulated plasma concentration-time profile of midostaurin, CGP5, and 
CGP6 after 50 mg PKC412 twice per day for 7 days

Extracted from Figure 8 of Applicant’s PBPK report
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Although there is no long-term exposure data available in healthy subjects, Cmin data of midostaurin, 
CGP5 and CGP6 were collected in patients up to 6 month in several Phase II/III studies [2].  Cmin data 
can be used as a surrogate for steady-state exposures of midostaurin and its two metabolites after long-
term exposure.  By assuming there is no PK difference among healthy subjects and cancer patients, 
reviewer used the submitted PBPK model to compare the simulated and observed PK profiles of 
midostaurin and its metabolites over 4 month following 50 mg and 100 mg b.i.d as describe in Study 
A2014E1 [6].  

As shown in Figure 2 and Appendix Figure A2, the model simulation did not capture the observed PK 
profile of  midostaurin and its metabolites in Study A2014E2 where the plasma concentrations of 
midostaurin (Cmin) increased initially followed by a decline after the first week [6].  For the 50 mg 
dosing group, the observed Cmin values were within the 5-95 % of the simulated results for midostaurin 
and CPG6.  However, the model significantly underpredicted the PK profiles of CPG5 (Figure 2b).  For 
100 mg dosing group, the model overpredicted the Cmin values for midostaurin and CPG6, and 
underpredicted those of CPG5 (Appendix Figure A2).   

Figure 2.  Observed and simulated plasma concentration-time profile of midostaurin, CGP5, and 
CGP6 after 50 mg PKC412 twice per day for six months

a. midostaurin plasma PK profile b. CGP5 plasma PK profile

 

c. CGP6 plasma PK profile
 

Source: Reviewer simulation: FDA_2_50mg_Oral_BID_168days_HVx100(20-60yr)_NEurCx100(20-
60yr).xlsx

In addition, applicant’s model was not able to capture the lack of dose-proportional change in the 
observed Cmin of midostaurin and CGP6 at the two dose levels of 50 mg and 100 mg b.i.d [6] (Figure 3).   
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Figure 3.  Observed and simulated plasma concentration-time profile of midostaurin and CGP6 at 
50 mg and 100 mg dosing level

(a) PKC412 plasma profile at two doses (b) CGP6 plasma profile at two doses

 

Source: Reviewer excel data files: FDA_2_50mg_Oral_BID_168days_HVx100(20-60yr)_NEurCx100(20-
60yr).xlsx & FDA_3_100mg_Oral_BID_168days_HVx100(20-60yr)_NEurCx100(20-60yr).xlsx

Therefore, the reviewer concludes that the submitted PBPK models are inadequate to describe the 
complex PK profiles of midostaurin, CGP5 and CGP6 following long-term (>30 day) drug administration.   

IV.2 Can the applicant’s PBPK models predict the PK profiles of midostaurin and its 
metabolites when midostaurin is coadministrated with various CYP3A modulators? 
No, the applicant’s models are not adequate to predict PK profiles of midostaurin and its metabolites 
when the drug is coadministered with various CYP3A modulators.   

Applicant attempted to verify the midostaurin PBPK models by comparing the simulated and observed 
DDI effects of midostaurin on midazolam (a CYP3A substrate ).  The model predicted minimal impacts of 
midostaurin on the midazolam exposure (23% increase), which agrees with the clinical observation 
(Appendix Table A2).  The applicant noted that there is little to no impact (less than 20%) on this DDI 
effect  by varying the induction parameter (EC50) of midostaurin, CGP5 and CGP6 ranged from 
experimental values to optimized values [1].   

Next, the applicant used its PBPK models to simulate the changes of midostaurin PK profiles following 
co-administration of 400 mg q.d. ketoconazole and a single oral dose of 50 mg midostaurin in healthy 
subjects (Appendix Table A2).  The model predicted a 6.27-fold increase in midostaurin AUC with 
ketoconazole co-administration; this increase appears lower than the 10-fold increase observed 
clinically in Study A2109 [1].  A lesser DDI effect was observed clinically in midostaurin at steady state 
[2].  Study A2104E2 reported a 1.5-fold increase of midostaurin AUC in plasma at steady-state with 
itraconazole coadministration [2].   

 In this case, one would expect that the adequately constructed PBPK models could predict a significant 
decrease in the effect of ketoconazole on midostaurin PK at steady state.  Similarly, the models would 
predict a higher DDI effect of itraconazole if itraconazole was administrated with a single dosing of 
midostaurin.  However, the submitted models did not predict these phenomena.  It appears that the 
model did not adequately integrate the complex DDI mechanisms of midostaurin and its metabolites to 
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predict the clinically observed DDI effects mediated by strong CYP3A inhibitors.  No further review was 
conducted on the model performance on the DDI effects with CYP3A inducers.   

Table 2: Simulated DDI effects of ketoconazole and itraconazole on midostaurin PKs 

DDI simulations Substrate Perpetrator PKC412

Pred
Cmax 
Ratio

Obs./Pred 
Cmax
Ratio

Pred
AUC 
Ratio

Obs./Pred 
AUC 
Ratio

Applicant’s model output file: 1500887_ Table7-7_A2109_50mg_KET_AUCinf.xlsx
2Applicant’s model output file: 1500887_ Table7-12_TOTSUM_KET_28days_AUCt.xlsx
3Reviewer simulation: FDA_ITZ_PC412_SD_inf.xlsx
4Applicant’s model output file: 1500887_Table7-10_A2104_PKC_BID_ITZ_AUC12h_fedCap.xlsx
 

V. Conclusion  

Midostaurin and its two metabolites possess multiple CYP and transporter interaction mechanisms.  Due 
to the modeling limitation, the current PBPK model did not include any of the transporter inhibitions.  
For the DDI mechanisms associated with CYP enzymes, applicant relied on the 7-day repeat doing PK 
data in healthy subjects and short-term DDI studies to verify the parameters used for TDI and mixed 
inhibition/induction of CYP3A.  These the data did not allow contributions of each DDI mechanism to be 
sufficiently considered in the models of midostaurin and its metabolites.  As per the results, the 
submitted models can neither 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 FDA reviewer acknowledges the scientific inputs from Dr. Shinichi Kijima. 
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VII. Abbreviations  

AUC, area under the concentration-time profile;  AUC ratio, the ratio of the area under the curve of the 
substrate drug in the presence and absence of the perpetrator; b.i.d, twice daily; Cmax, maximal 
concentration in plasma; Cmax ratio, the ratio of the maximum plasma concentration of the substrate 
drug in the presence or absence of the perpetrator; CL, clearance; CLint, intrinsic clearance; DDI, drug-
drug interaction; fa, fraction absorbed; fu, unbound fraction in plasma; fmCYP, fraction metabolized by a 
CYP enzyme; ka, first order absorption rate constant; EC50, induction concentration at 50%; PBPK, 
Physiologically-based Pharmacokinetic; PK, Pharmacokinetics; q.d, once daily dosing; s.d, single dosing; 
TDI, time-depended inhibition 
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Figure A1.  Observed and simulated plasma concentration-time profile of midostaurin, CGP5, 
and CGP6 after single oral dose of 50 mg PKC412 

Extracted from Figure 8 of Applicant’s PBPK report

Figure A2.  Observed and simulated plasma concentration-time profile of midostaurin, CGP5, 
and CGP6 after 100 mg PKC412 twice per day for six months

a. Midostaurin plasma-time profiles b. CGP5 plasma-time profiles

c. CGP6 plasma-time profiles

Reviewer simulation: FDA_3_100mg_Oral_BID_168days_HVx100(20-60yr)_NEurCx100(20-60yr).xlsx
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