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Human Metabolite Characterization by Mass Spectrometry: Midostaurin metabolite 
structures were characterized by LC/MS/MS using a combination of full and product ion 
scanning techniques and elemental composition by exact mass measurement. The 
structure of major metabolites, where possible, was supported by comparisons of their 
chromatographic retention times and mass spectral fragmentation patterns with those of 
synthetic standards. 

Metabolite P15.5 was detected in plasma and feces and had MH+ ion at m/z 573, which is 
16 mass units higher than that of P22.6 or P38.7. Its product ion mass spectrum showed 
fragment ions at m/z 354, 336, 220, and 178. The characteristic fragment at m/z 220 
indicated the presence of N-demethylated metabolite. The fragment ion at m/z 354 (16 
amu higher than the corresponding fragment of P22.6) indicated modification 
approximately at the pyrrolidinone/ benzene ring system of the molecule, most likely at 
the pyrrolidinone moiety as P37.7 and P39.8 were detected as major components in 
human plasma. Further loss of water from m/z 354 to give m/z 336 was consistent with 
the proposed oxidiation (hydroxylation) to occur at the pyrrolidinone ring. Metabolite 
P15.5 was tentatively assigned as the monohydroxy derivative of P22.6. 

Metabolite P21.2 was detected in feces only and has MH+ ion at m/z 589, which is 18 
mass units higher than the parent or 32 mass unit higher than P38.7 (CGP 62221).  Its 
product ion mass spectrum showed fragment ions at m/z 364, 328, 262, and 152. The 
fragment ions at m/z 262 and 152 (16 amu higher than the corresponding fragments of 
P38.7) suggested that the modifications (addition of an oxygen atom) had occurred 
approximately at the benzamide moiety (fragment at m/z 152). The fragment ion at m/z 
364 (16 amu higher than the corresponding fragment of Midostaurin) indicated 
hydroxylation at the pyrrolidinone moiety. Metabolite P21.2 was assigned as the di-
hydroxy derivative of metabolite P38.7.  

Metabolite P22.6 was detected only in plasma and had MH+ ion at m/z 557, 14 mass units 
lower than that of Midostaurin, suggesting that it might be a demethylated metabolite of 
Midostaurin. P22.6 and P22.6B (detected only in the feces) eluted at the same retention 
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time on HPLC. The product ion mass spectrum of P22.6 showed characteristic fragment 
ions at m/z 338 and 220. Since P38.7 was already identified as the O-desmethyl 
Midostaurin, metabolite P22.6 was proposed as the N-desmethyl Midostaurin. The 
elemental composition by exact mass measurement result and the fragmentation pattern 
were in agreement with the above assignment. 

Metabolites P22.6B, P25.5 were detected in feces, both had MH+ ion at m/z 589, which is 
18 mass units higher than that of Midostaurin or 32 mass units higher than P38.7. Their 
product ion mass spectra showed fragment ions at m/z 571, 380, 344, 246, 178 and 136. 
The strong fragment ions at m/z 246 and 136 (similar to those observed for P38.7) 
indicated presence of derivatives of O-demethylated metabolite. The fragment ion at m/z 
380 (which is 32 mass units higher than the corresponding fragment of Midostaurin) 
indicated modification had occurred approximately at the pyrrolidinone/benzene ring 
system of the molecule. The fragment at m/z 571 (loss of water) suggested one of the 
modification (hydroxylation) had occurred at the pyrrolidinone moiety. Metabolites 
P22.6B and P25.5 were assigned as the O-demethylated derivatives of di-hydroxy 
Midostaurin metabolites. 

  Metabolite P23.3 was detected in plasma and feces and has MH+ ion at m/z 559. Due to 
the small amount of P23.3 present in plasma and feces, a full product ion mass spectrum 
of P23.3 could not be obtained. Based on the elemental composition by exact mass 
measurement, metabolite P23.3 was tentatively assigned as the hydroxylated derivative of 
the N,O-desmethyl Midostaurin. 

Metabolite P27.9 has MH+ ion at m/z 603, which is 32 mass units higher than the parent, 
presumably due to the addition of two oxygen atoms. Its fragmentation pattern suggested 
that there was modification approximately at the staurosporinone moiety of the molecule 
due to presence of ions at m/z 468 and 380, which is 32 amu higher than the 
corresponding fragments of Midostaurin, and the presence of ion at m/z 260, unchanged 
from Midostaurin. The presence of the fragment ion at m/z 585 (due to loss of water) 
suggested the modification (hydroxylation) had occurred at the pyrrolidinone moiety. 
Based on the elemental composition by exact mass measurement, P27.9 was assigned as 
di-hydroxy Midostaurin or monohydroxy derivative of either P37.7 (epimer-1 of 
CGP52421) or P39.8 (epimer-2 of CGP52421). 

Metabolite P28.8B was detected only in feces and has MH+ ion at m/z 573, which is 2 
mass units higher than the parent or 16 mass units higher than P38.7. Its product ion mass 
spectrum showed fragment ions at m/z 438, 364, 328, 246, 178, and 136. The fragment 
ions at m/z 246 and 136 (similar to those observed for P38.7) indicated presence of 
derivative of O-demethylated metabolite. The fragment ion at m/z 364 (which is 16 amu 
higher than the corresponding fragment of Midostaurin) indicated modification had 
occurred somewhere at the pyrrolidinone/ benzene ring system of the molecule. 
Metabolite P28.8B was assigned as the monohydroxy derivative of P38.7. 

Metabolites P29.6B and P33 were detected in plasma and feces, both have MH+ ion at 
m/z 573, which is 2 mass units higher than the parent or 16 mass units higher than P38.7. 
Their product ion mass spectra showed fragment ions at m/z 438, 420, 364, 246, 178, and 
136. The strong fragment ions at m/z 246 and 136 (similar to those observed for P38.7) 
indicated presence of derivatives of O-demethylated metabolite. The fragment ion at m/z 
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364 (which is 16 amu higher than the corresponding fragment of Midostaurin) indicated 
modification somewhere at the pyrrolidinone/ benzene ring system of the molecule. The 
presence of the fragment ion at m/z 555 (due to loss of water molecule) suggested 
hydroxylation as one of the modification and that hydroxylation had likely occurred at the 
pyrrolidinone moiety. Based on the order of elution, metabolite P29.6B was assigned as 
the O-desmethyl P37.7 and metabolite P33 as the O-desmethyl P39.8. The elemental 
composition by exact mass measurement result was consistent with the above 
assignment. 

Metabolites P33.6, P34.5 and P35.3 all three has MH+ ion at m/z 587, which is 16 mass 
units higher than the parent, presumably due to the addition of one oxygen atom. Their 
product ion mass spectra showed fragment ions at m/z 452 and 364 (16 amu higher than 
the corresponding fragments of Midostaurin) and ions at m/z 192 or 260 (unchanged from 
Midostaurin). Since P37.7 and P39.8 were already assigned as the 7-hydroxy metabolites 
of Midostaurin (hydroxylation at the pyrrolidinone moiety), metabolites P33.6, P34.5 and 
P35.3 were proposed as the mono-hydroxy metabolites of Midostaurin, where 
hydroxylation took place somewhere on the benzene rings of the staurosporinone moiety. 

For metabolites P15.5, P21.2, P29.6B and P33, in the absence of NMR data or synthetic 
standards, oxidation was tentatively proposed to occur as hydroxylation at the 
pyrrolidone moiety as the corresponding product ion mass spectra showed fragment ions 
resulted from water loss associated with hydroxylation of the pyrrolidinone moiety.  For 
metabolite P23.3, no product ion mass spectrum could be obtained. Structure of P23.3 
was tentatively assigned based on the elemental composition by exact mass measurement 
and the knowledge of major metabolism pathways of midostaurin in human. 
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[14C]Midostaurin with recombinant CYP enzymes 
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Metabolite profiles from incubations of [14C]midostaurin, also known as [14C]PKC412, 
with recombinant CYP enzymes are shown in Figure 1 and Figure 2. The results showed 
that formation of hydroxy- (CGP52421) and demethylated (CGP62221) midostaurin 
metabolites was mainly catalyzed by CYP3A4.  

 
Figure 1 Representative radio-chromatogram after incubation of [14C]midostaurin 
with recombinant CYP3A4 
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Figure 2 Representative radiochromatogram after incubation of [14C]midostaurin 
with recombinant CYP3A5 

 

The formation of CGP52421 and CGP62221 and further conversion of these primary 
metabolites to the hydroxylated and demethylated metabolite were predominantly 
mediated by CYP3A4 (Figure 3).  At low PKC412 concentrations in the recombinant 
CYP3A4 preparation, a rapid conversion of the hydroxylated and demethylated 
metabolites to the secondary metabolite (hydroxylation plus demethylation) made 
estimation of the enzyme kinetic parameters from each step difficult.  However, as shown 
in Table 1 the relative catalytic efficiencies for recombinant enzyme and human liver 
microsomes were similar, suggesting that hydroxylation and demethylation occurred with 
comparable efficiency regardless of the biological test system.  For overall metabolite 
formation, the apparent Km and Vmax values (concentration range of 0.25-10 µM, protein 
concentration of 0.2 mg/mL and incubation time of 10 min) were 1.04 µM and 3.55 
pmol/min/pmol P450 for recombinant CYP3A4, and 1.48 µM and 164 pmol/min/mg of 
protein for human liver microsomes.  Despite the difficulty in estimating the kinetic 
parameters with the recombinant preparation, the Vmax values for the recombinant enzyme 
and the human liver microsomes were comparable if the actual CYP3A4 content in the 
preparation (e.g., ~29% of total CYP [Shimada, et al 1994], or ~165 pmol CYP3A4 per 
mg) was considered.  
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Table 1 Kinetic parameters for the hydroxylation and demethylation of metabolic 
reactions with midostaurin recombinant CYP3A4 and human liver microsomes 
incubations. 

 

 Recombinant CYP3A4 

Parameter a Hydroxylation 
(CGP52421) 

( A, C) b 

Demethylation 
(CGP62221) 

( B, D ) b 

Total metabolite 
formation 

Km (µM) 1.47  0.449 0.506  0.146 1.04  0.290 

Vmax 

(pmol/min/pmol P450) 
2.86  0.298 0.814  0.0621 3.55  0.307 

Vmax/Km 1.95 c 1.61 c 3.41 c 

 Human liver microsomes 

 Hydroxylation 
(CGP52421) 

( A ) 

Demethylation 
(CGP62221) 

( B ) 

Total metabolite 
formation 

Km (µM) 2.19  0.684 1.16  0.403 1.48  0.444 

Vmax 

(pmol/min/mg protein) 
136  16.6 d 47.3  6.50 d 164  17.0 d 

Vmax/Km 62.1 e 40.8 e 111 e 

a Values were calculated by nonlinear regression analysis using Scientist Version 2.01 (Micromath 
Software). Values are mean  SD of the fit. 
b Estimate assuming an equal contribution to formation of combined hydroxylated, demethylated metabolite 
from the individual hydroxylated and demethylated primary metabolites. 
c µL/min/pmol P450 
d Assuming a CYP3A4 content of ~165 pmol/mg (i.e., ~29% of total CYP), the Vmax values are approximately 
0.82 (hydroxylation), 0.29 (demethylation) and 0.99 (total metabolite formation) pmol/min/pmol CYP3A4.   
e µL/min/mg protein 
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Figure 3 
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 ABSTRACT:  

The absorption, disposition, metabolism and excretion of Midostaurin, a poorly soluble 

drug, were evaluated in rats and dogs to support registration trials.  Midostaurin’s oral 

absorption was high (>90%) in rats and moderate (47%) in dogs with a microemulsion 

formulation.  Oral bioavailability was low in rats (9.3%) and moderate in dogs (48.5%) 

indicating a significant first pass in rats but not in dogs.  Clearance (CL) was moderate 

(0.90-0.98 L/h/kg) as were the volumes of distribution (Vss) (1.2 -3.8 L/kg). Initially 

allometry significantly over-predicted human CL and Vss likely due to vertical allometry 

observable with highly lipophilic drugs. The Fu corrected intercept method (FCIM) and 

Oie-Tozer method for CL and Vss, respectively, yielded good predictions. Midostaurin 

and its two major metabolites (CGP52421 and CGP62221), show very high protein 

binding (>99%) and equilibrium gel filtration was successfully used to identify species 

differences. Early clinical safety assessments predated MIST guidance. Metabolism was 

the main route of elimination via primary hydroxylation and O-demethylation (dog only) 

followed by further hydroxylation, demethylation and glucuronidation. >90% of the dose 

was excreted into the feces as metabolites, with <2.5% remaining as parent drug after 

intravenous administration.  The average recovery was higher (>90%) compared to 

human (81.6%). Midostaurin was classified as a BDDCS II drug in animals, which was 

predictive of the human BDDCS II class with extensive metabolism (> 90%), moderate to 

high absorption (>90%) and low solubility.   

 

 

Drug Metabolism and Disposition



Supplement DMD #72744 
  

 3 

Introduction 

Midostaurin is an oral multi-targeted kinase inhibitor originally discovered as an inhibitor 

of all major isoforms of the PKC family (Tamaoki et al., 1986; Meyer et al., 1989), which 

was granted “Break-through” designation by the US Food and Drug Administration in 

2016 (Novartis, 2016).  Midostaurin acts as a synthetic indolocarbazole multikinase 

inhibitor with potential antiangiogenic and antineoplastic activities (Fabbro et al., 2000). 

In addition to protein kinase C inhibition, midostaurin was found to inhibit protein kinase 

C alpha (PKCalpha), vascular endothelial growth factor receptor 2 (VEGFR2), c-kit, 

platelet-derived growth factor receptor (PDGFR) and FMS-like tyrosine kinase 3 (FLT3) 

and tyrosine kinases (Fabbro et al., 2000; Weisberg et al., 2002). Midostaurin also 

inhibits the mutated tyrosine kinases KIT-D816V, KIT-D816Y, and FGFR-3K650E that 

contribute to the clinical pattern of acute myeloid leukemia (AML), mastocytosis and 

multiple myeloma, respectively (Gotlib et al., 2005; Growney et al., 2005). Midostaurin 

also inhibits kinase mutants which acquire drug-resistance to imatinib (Gleevec®) like 

KIT V654A and T670I or PDGFRA D842V and are implicated in gastrointestinal stromal 

tumors (GIST) (Debiec-Rychter et al., 2005). 

The purpose of this study was to describe the disposition and biotransformation of 

Midostaurin in the preclinical species as well as to investigate the cross species 

differences in the mechanism of disposition and metabolism between animals and 

humans to support drug development and registration trials.  The absorption, disposition, 

metabolism, and excretion of Midostaurin were studied in rats and dogs after intravenous 

(i.v.) and oral (po) doses. The findings from preclinical ADME and pharmacokinetic 
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studies together with protein binding data were evaluated and compared with human 

AME results in male and female volunteers (DMD/2016/072744).  

Materials and Methods 

Chemicals 

[14C]Midostaurin was synthesized by the Isotope Laboratory of Novartis Pharmaceuticals 

Corporation (Basel, Switzerland). The specific activities were 80 Ci/mg (i.v.) and 24 

Ci/mg (p.o.) in the rat and 42.4 Ci/mg (i.v.) and 9.85 Ci/mg (p.o.) in the dog studies. 

The purity of the compound was >98%. The internal standards for the analysis of 

unchanged Midostaurin were warfarin (rat study) and [13C6] Midostaurin (dog study). 

Synthetic standards CGP52421 (epimer 1 and 2) and CGP62221 were synthesized by 

Novartis Pharmaceutical corporation. The chemical structures of radiolabeled 

Midostaurin, and the position of the radiolabel and related compounds are shown in 

Fig 1.  

Animal Studies 

Animal studies were conducted upon approval of the Novartis Animal Care and Use 

Committee. Due to Midostaurin’s low aqueous solubility (< 0.001 mg/mL) and high 

lipophilicity (cLogP >5) optimized formulations were used.  In the rat study, a solution of 

Midostaurin was prepared in cremophor:ethanol:water (v:v:v; 32.5:17.5:50) for i.v. 

dosing and the formulation for oral dosing was a microemulsion preconcentrate (MEPC). 

In the dog study, a solution of Midostaurin was prepared in 49% PEG300 in saline for i.v. 

dosing and was also formulated in a MEPC for oral dosing.  

Rat Studies 
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Twelve male Wistar Hannover rats (180 - 275 g) ~8 weeks of age were housed 

individually in properly marked metabolism cages placed on an automated sample 

collection system (Culex Autosampler, BASi, IN). Food (PMI # 5LG3 rodent meal) and 

water were available ad libitum and rats were not fasted prior to dosing. Catheters were 

surgically implanted into the femoral (i.v. only) and jugular veins.  

In the intravenous or oral disposition study, rats were administered [14C]Midostaurin 

either orally at 10 mg/kg or by slow intravenous bolus injection at 1 mg/kg into the 

femoral vein.  Six rats (n=3/dosing route) was used for absorption and excretion studies 

(AE), and six were used for biotransformation and metabolism studies. For the AE 

studies serial blood samples were collected into heparinized vials in a refrigerated 

fraction collector at 0.083 (i.v. dosed rats only), 0.25, 0.5, 1, 2, 4, 8, 12, 24, 48, 72, 96, 

and 168 h post-dose.  For the biotransformation studies, blood was collected over a 

similar time-course out to 48h post-dose.  Blood samples were placed over ice until 

aliquoted (AE group only) and centrifuged to isolate plasma. Remaining plasma was 

pooled by time point and stored ≤-20C until analysis.  

Urine and feces samples were collected quantitatively from the AE group, 0-8, 8-24h, and 

at 24-hour intervals through 168 h post-dose. The urine samples 0-96 h were collected 

over ice and immediately stored ≤-20C.  After the final collection, each cage was rinsed 

and the cage wash samples were retained.  

Dog Studies  

Five male purebred (drug-naïve) beagle dogs (Covance Research Products, Kalamazoo, 

MI), weighing 8.0-9.1 kg, ~8 months of age, were individually housed in metabolism 

cages designed for the separation and collection of urine and feces.  The dogs had access 

Drug Metabolism and Disposition



Supplement DMD #72744 
  

 6 

to water ad libitum and were fed a standardized diet (Certified Canine Diet #5007 PMI, 

Inc.). Dogs were fasted overnight through approximately 4 hours post-dose.  

Dogs were administered [14C]Midostaurin intravenously by a slow bolus injection (0.5 

mg/kg; n =2) or orally (3 mg/kg; n =3).  Serial blood samples were collected from the 

dogs at 0.083 (i.v. only), 0.25, 0.5, 1, 2, 3, 4, 6, 8, 24, 48, 72, 96, and 168 hours post-

dose. Blood samples were placed over ice until aliquoted and centrifuged to obtain 

plasma.  Urine and feces were collected at 24-hour intervals through 168 hours post-dose.  

Urine was collected in containers surrounded by dry ice. After each 24-hour excreta 

collection through 144 hours post-dose, cages were rinsed. After the last excreta 

collections, cages were washed and wiped.  Cage rinse, cage wash liquid and cage wipe 

samples were retained and assayed for radioactivity. All samples were stored frozen at or 

below -20oC until analysis for radioactivity.  

Analytical Methods 

Determination of Total Radioactivity 

For the samples from animal studies, concentrations of total radioactivity in plasma, urine 

and cage wash aliquots were determined by direct aliquot counting after the addition of 2-

10 ml of liquid scintillation cocktail (Formula 989). Fecal samples were first 

homogenized with approximately 3 volumes of water, then solubilized and decolorized.  

Liquid scintillation counting (LSC) was done using a Packard Spectrometer (Tri-CARB 

2500 TM; Packard Canberra Co., Downers Grove, IL, USA).  The radioactivity of all 

samples was determined by liquid scintillation counting. 
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The radioactivity in the dose was defined as 100% of the total radioactivity. The 

radioactivity at each sampling time for urine and feces was defined as the percentage of 

dose excreted in the respective matrix. The radioactivity measured in plasma was 

converted to nanogram-equivalents of Midostaurin based on the specific activity of the 

dose. 

Analysis of Unchanged Midostaurin 

Concentrations of Midostaurin in plasma were determined by LC-MS/MS after protein 

precipitation in rats and liquid-liquid extraction in dogs.  

Rat plasma samples (70 µl) were treated with 140 µl of the internal standard solution 

75nM warfarin in 90% acetonitrile, 10% ethanol 0.1% acetic acid; samples were vortexed 

samples were vortexed and centrifuged to precipitate proteins. The supernatant was dried 

under nitrogen at 35°C and reconstituted in 50 µl methanol/water (55/45; v/v) for analysis 

by LC-MS/MS. 

Dog samples were treated with internal standard working solution and methanol (20 µL), 

followed by addition of 0.5 mL of water. After ~30 seconds of vortex-mixing, 2 mL of 

tert-butylmethylether was added to the resulting mixture, followed by 10 minutes mixing 

on a reciprocal shaker and 5-minute centrifugation at 3000 rpm and at 5°C. The tubes 

were put in an ethanol/dry ice bath to freeze the aqueous phase, and then the upper 

organic phase was transferred to 5 mL glass hemolysis tubes. The organic phase was 

evaporated to dryness under a gentle stream of nitrogen at approximately +40°C, and 

200 µL of mobile phase was added. The reconstituted samples were transferred to 

autosampler vials and 20 µL were injected into the LC/MS-MS system for quantification. 
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Samples were quantitated on either a PE Sciex API3000 (Applied Biosystem, Foster City, 

CA) or a MS Finnigan TSQ Quantum Discovery (Thermo Fisher Scientific, San Jose, 

CA) operated in multiple reaction monitoring mode with electrospray ionization (ESI+) as 

an interface.  

The peak area ratios of Midostaurin to the internal standard were plotted as a function of 

the nominal concentrations of Midostaurin. The standard calibration curves were 

constructed by fitting the weighted (1/x, where x = concentration) data points to a 

quadratic equation using least squares. The slope, intercept, and coefficient of 

determination were generated to assess the performance of the assay. The plasma 

standard curve range was 0.5-153 ng/ml in rat plasma and 0.5-500 ng/ml in dog plasma. 

Spiked quality control (QC) samples were prepared in control plasma using reference 

standard for Midostaurin. QC samples were analyzed with study samples to establish 

assay accuracy and precision. All bioanalytical runs were judged acceptable based upon 

criteria established prior to the beginning of sample analysis. Similarly, criteria for 

selection of samples to be repeated were established prior to the beginning of sample 

analysis. 

Processing of Samples for Metabolite Investigation 

Plasma protein was precipitated with acetonitrile: ethanol (90:10 v/v) containing 0.1% 

acetic acid and protein was removed by centrifugation. The supernatant was evaporated 

to near dryness under a stream of nitrogen using the Zymark turbo-vap™ LV (Zymark 

Corp., Hopkinton, MA), and the residues were reconstituted in methanol: water (55:45, 

v/v for rat samples, and, 75:25, v/v for dog samples). Aliquots of concentrated plasma 

extracts were injected onto the HPLC column. Representative (equal percentage of the 
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volume) pooled urine samples were prepared for analysis. An aliquot was centrifuged, 

and injected onto the HPLC column without further purification. Fecal homogenates were 

pooled at equal percent weight for each subject and extracted three times with the first 

extraction being performed with methanol and the second and third extractions being 

performed with acetonitrile: methanol (1:1; v/v). Each extraction included 10 min of 

vortex-mixing, 10 min of sonication and centrifugation at 3500 rpm (~1000 x g). An 

aliquot of the combined supernatant was concentrated approximately 5-fold by 

evaporating to dryness under nitrogen and reconstituting in methanol: water (75:25 or 

55:45, v/v). Aliquots of concentrated fecal extracts were injected onto the HPLC column. 

HPLC Instrumentation for Metabolite Pattern Analysis 

Midostaurin and its metabolites in urine, plasma, and feces were analyzed by HPLC with 

online or off-line radioactivity detection. The Analytical system consisted of either a 

Waters Alliance 2970 or an Acquity UPLC system equipped with a (Waters, Milford, 

MA). Phenomenex Synergy Max RP 80Å (Phenomenex, Torrance, CA) column (4.6 X 

150 mm, 4 μm, maintained at 40ºC) preceded by a 0.5 m frit and a security guard 

cartridge of the same type. The mobile phase consisted of 10 mM ammonium acetate 

containing 0.1% acetic acid (solvent A) and acetonitrile (solvent B). The mobile phase 

was initially composed of 5% solvent B, and held for 4 min. Then it was linearly 

programmed to 30% solvent B over 4-10 min, followed by 49% solvent B over 10-55 

min, 95% solvent B over 55-60 min, and held at 95% solvent B for 55- 60 minutes. The 

mobile phase conditions were returned to the starting solvent mixture over next 1 minute. 

The system was allowed to equilibrate for 10 min prior to each injection. A flow rate of 

1.0 ml/min was used for analysis.  

Drug Metabolism and Disposition



Supplement DMD #72744 
  

 10 

  In order to correlate metabolite peaks with mass spectral assignment, the HPLC effluent 

was split, with 750 to 800 µL of the total flow fractionated into  a 96 deep-well 

LumaplateTM (Packard Instrument Company, Meridien, CT) using a fraction collector 

(FC 204, Gilson Inc, Middleton, WI) with a collection time of 9 to 10.2 sec per well. The 

Lumaplates were sealed after drying under a stream of nitrogen and counted for 1-30 

minutes per well on a Packard Topcount microplate scintillation counter (Packard 

Instrument Company).  

Concentrations in plasma and amounts in excreta of Midostaurin and its metabolites were 

estimated from the radiochromatograms, based on the relative peak areas and the 

concentrations or amounts of radioactivity in the original biological samples. These 

values are to be considered as semi-quantitative only, in contrast to those determined by 

the validated quantitative LC/MS/MS assay.  

Structural Characterization of Metabolites by LC/MS/MS 

Metabolite structural characterization was carried out using the above HPLC profiling 

method coupled to a two-channel Z-spray (LockSprayTM) of a Waters Synapt time-of-

flight mass spectrometer (Manchester, UK). Leucine enkephalin was used as the mass 

reference standard for exact mass measurement, and was delivered via second spray 

channel at a flow rate of 10 L/min. The mass spectrometer was operated at a resolution 

of ~10000 m/∆mFWHM with spectra being collected from 120 to 950 amu. The 

ionization technique employed was positive electrospray (ES). The sprayer voltage was 

maintained constant at 3100 V (3000 V for rat samples), the cone voltage of the ion 

source was kept constant at a potential of 50 V (15 V for dog samples). For the TOF 
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MS/MS experiments, collision energy of 30 eV for dog, 31 eV for rat was used with 

argon as the collision gas. 

Protein binding in rats, dogs and humans 

In vitro plasma protein binding methods for midostaurin in the rat, dog and human were 

previously described (Weiss and Gatlik, 2014) using equilibrium gel filtration; a method 

reported to be more sensitive and reliable for compounds with very high protein binding 

(>99%). For the metabolites, in vitro plasma protein binding of [14C]CGP52421 (epimers 

1 and 2) and [3H]CGP62221 in the rat, dog and human was also determined by 

equilibrium gel filtration using similar experimental conditions (DMD #72744).  

In Vitro Metabolism in Rat, Dog and Human Liver Slices 

[14C]Midostaurin was incubated with liver slice prepared from rat, dog and human. The 

incubations were carried out at 1 and 10 M substrate concentrations for 1, 2, 4, 8, 18, 24 

h. The incubated samples were analyzed by HPLC with on line radioactivity detector. 

Metabolites formed from the incubations were characterized by liquid chromatography-

mass spectrometry (LC-MS).  

Pharmacokinetic Analysis 

Pharmacokinetic parameters were determined by fitting the concentration-time profiles 

with a two compartmental model for i.v. (parent) and non-compartmental model for i.v. 

(parent) and oral (parent and its major metabolites) (WinNonlin software version 4.0, 

Pharsight, Mountain View, CA). With the non-compartmental model the following were 

determined:  Area under the plasma drug concentration-time curve (AUC) between time 

0 and time t (AUC0-t); AUC until time infinity (AUC0-∞); highest observed plasma drug 
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concentration (Cmax); time to highest observed drug concentration (tmax); apparent 

terminal half-life (t1/2); steady-state volume of distribution of parent drug (Vss) calculated 

as (Dose)·(AUMC)/(AUC)2
, where AUMC is the area under the first moment of the 

concentration-time curve; and clearance (CL) calculated as Dose/AUC0-∞. For 

compartmental models the percentage of areas under the curve, contributed by the 

distribution and elimination phases with α and β, were estimated using the following 

equations:                              

                                                     )
BA

)/(
A

()%AUC(


 
 

                                                     )
BA

)/(
B

()%AUC(


  .  

The fraction of the dose absorbed is typically calculated based on plasma radioactivity 

data as follows, since the extrapolated portion of AUC0-∞ was not determined: 
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Alternatively, absorption can be estimated from total intact Midostaurin remaining in 

feces when compared to the total radioactivity drug recovered in feces. 

 

Results 

Pharmacokinetics of Midostaurin and Total Radioactivity 

The pharmacokinetic parameters of total radioactivity in plasma of rats and dogs are 

summarized in Table 1 (i.v. dose) and Table 2 (p.o. dose), respectively. The 

pharmacokinetic parameters of unchanged Midostaurin in rats and dogs are listed in 
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Tables 3 (i.v. dose) and Table 4 (p.o. dose). The concentration vs. time profiles of total 

radioactivity and Midostaurin in plasma after a single intravenous or oral dose in rats and 

dogs are presented in Figure 2.  Midostaurin was moderately (dogs) to slowly (rats) 

absorbed with tmax of 4 to 8 hours (Table 4). The extent of absorption after an oral dose of 

10 mg/kg [14C]Midostaurin to rats was estimated to be high (>90%) based on the percent 

of oxidative metabolites  as only 6.25% Midostaurin was detected in feces (Table 7).  

The blood or plasma AUC radioactivity ratio was not well suited for the estimation of 

absorption. It was found that the distribution pattern after the intravenous dose in the rats 

was quite different from that after the oral dose, suggesting the disposition of the 

compound was dose route dependent (Tse, 1995). The percentage of metabolites also 

showed slight differences.  In the dogs after an oral dose of 3 mg/kg the estimated 

absorption was moderate (47.1% based on oral: intravenous AUC ratio of radioactivity in 

plasma). Although the parent drug found in feces was 20.6%, the absorption could not be 

assessed by this method in dogs due to diarrhea contamination of the urine. Absorption in 

humans was high (>90%) and consistent with rats (Chiou and Barve, 1998) 

(DMD/2016/072744).  The oral bioavailability of Midostaurin was low in rats (9.3%) and 

moderate in dogs (48.5%) (Table 4).  

After an intravenous dose, the mean plasma clearance of midostaurin was 0.98 L/h/kg in 

the rat and 0.90 L/h/kg in the dog (Table 3). The mean volume of distribution at steady-

state was 1.2 and 3.8 L/kg in the rat and dog, respectively. The distribution and 

elimination half-lives were 0.5 h (88% of AUC) and 3.2 h for the rat, and 0.9 h (27.3% of 

AUC) and 4 h for the dog. 
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Plasma protein binding of midostaurin and main metabolites in rats, dogs and 

humans 

Using equilibrium gel filtration, [14C]midostaurin was extensively bound to plasma 

proteins (>99.9%) in the rat, dog and human as previously reported (Weiss et al, 2014). 

The protein binding was independent of concentration in both rats (fraction unbound: fu 

~ 0.10%) and dogs (fu ~ 0.08%) over the tested concentration range (100 - 20000 

ng/mL). However, the human protein binding was concentration dependent with the fu of 

0.01-0.02% at a concentration of 100 - 10000 ng/mL and 0.07% at a concentration of 

20000 ng/mL. Midostaurin is highly bound to alpha 1-acid glycoprotein in human 

(Monnerat et al, 2004).  

Similar to [14C]midostaurin, the protein binding of its two metabolites, [14C]CGP52421 

(epimers 1 and 2) and [3H]CGP62221, was also very high in all species (>99.8%) (DMD 

#72744). There was no concentration dependency in rats and dogs (fu ~0.2%) at 141 – 

47300 ng/mL whereas concentration dependency was seen in human. The human fu 

increased from 0.0214 to 0.202% at 1970-34600 ng/mL for [14C]CGP52421 (epimers 1 

and 2) and from 0.0375 to 0.198% at 5470-43500 ng/mL for [3H]CGP62221.  

Overall, the fu% of midostaurin and its metabolites at a clinically relevant steady state 

concentration range did not appear to be concentration dependent (Cmax: ~1200 – 5300 

ng/mL at the dose of 50mg bid in AML patients). The ex vivo plasma protein binding of 

[14C]midostaurin and its metabolites in healthy subjects was aligned with the in vitro 

results (data on file).  

Identification of Metabolites 
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The structures of the metabolites of Midostaurin were derived from their product ion 

mass spectra, the elemental composition by exact mass measurement, and where possible, 

supported by comparison with synthetic standards. Full-scan analysis of Midostaurin 

gave [M+H]+ at m/z 571. The product ion mass spectrum of m/z 571 showed fragment 

ions at m/z 436, 404, 394, 362, 348, 192 and 105 (Figure 5). High resolution mass 

spectral information for each of these major fragments supported the proposed 

fragmentation. Comparison of metabolite fragment ions with those of Midostaurin 

allowed assignment of region of biotransformation. The characteristics and proposed 

structures of major Midostaurin metabolites in preclinical species are summarized in 

Table 8. The metabolic pathway of Midostaurin in rats and dogs is shown in Figure 6.    

Excretion of Total Radioactivity and Unchanged Midostaurin 

The urinary and fecal excretion data following a single dose of radiolabeled Midostaurin 

in rats and dogs are summarized in Table 5. After a single intravenous or oral dose, fecal 

excretion after 168 h accounted for 92.3% (po) and 98.5% (iv) in the rats, and 86.9% (po) 

90.5% (iv) in the dogs, respectively. Urinary excretion was low in both species 

independent of dosing route (<1% of the dose). Due to the vehicle caused diarrhea, the 

dog urine was heavily contaminated with loose feces. Therefore, the radioactivity in dog 

urine and cage wash was not reported separately and included in the feces instead. The 

unchanged Midostaurin excreted in feces was low (6.3-11.2%) and in urine was 

negligible. After an intravenous dose, unchanged Midostaurin excreted in feces was 

2.05% in the rats and 0.91% in the dogs. The total recovery was 94.1-99.4% in rats and 

86.9-91.6% in dogs.  

In Vivo Metabolism in Rats and Dogs 

Drug Metabolism and Disposition



Supplement DMD #72744 
  

 16 

Representative radiochromatograms of rat and dog plasma after oral administration of 

[14C]Midostaurin are shown in Figure 3A and Figure 3B respectively. Representative 

radiochromatograms of rat and dog feces after oral administration of Midostaurin are 

shown in Figure 4 A and Figure 4B, respectively. The AUC% of Midostaurin and its 

circulating metabolites in rat and dog plasma after oral administration of [14C] 

Midostaurin are summarized in Table 6. Unchanged Midostaurin accounted for 25% and 

57% of the total radioactivityAUC0-24h in rat and dog, respectively. The predominant 

circulating metabolite in dog was P37.7 (epimer 1 of CGP52421; a hydroxylated 

metabolite), accounting for 22% of the total radioactivity AUC0-24h. In the rat P37.7 was 

the second most abundant metabolite, accounting for 20% of total radioactivityAUC0-24h. 

The predominant circulating metabolite in rat was P39.8 (epimer 2 of CGP52421; 37% of 

total radioactivityAUC0-24h). In dog P39.8 contributed to 3.8% of the total radioactivity 

AUC0-24h.  

For rats and dogs, elimination of Midostaurin and its metabolites in urine following 

intravenous dosing was <1% of the administered dose with Midostaurin being detected in 

only trace amounts (data not shown). Table 7 summarizes the percentage of Midostaurin 

and its metabolites in the feces of rats and dogs after an intravenous or oral 

administration of [14C]Midostaurin. After the iv dose, parent Midostaurin accounted for 

2.05% and 0.91 % of the radioactivity dose in rat and dog feces, respectively, indicating 

that metabolism is the main pathway. In rat feces after the oral dose, P29.6 

(dihydroxylated Midostaurin metabolite), P27.9 (dihydroxylated Midostaurin metabolite), 

P33.6 (monohydroxylated midostaurin metabolite) and P35.3 (hydroxylated Midostaurin 

metabolite) were the major metabolites accounting for 8.61 – 15.3% of the dose. All 
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other metabolites were <7.13% of the dose. The major metabolites after the iv dose were 

qualitatively similar to those after the oral dose. In dog feces after the iv dose, major 

metabolites, P16.5 (metabolite derived from combination of hydroxylation and carbonyl 

reduction), P28.8 (dihydroxylated midostaurin metabolite)  and P33.6, accounted for 

11.3%, 8.79% and 14.2% of the dose, respectively, and all other metabolites were less 

than 6.79% of the dose. In dog feces after the oral dose, major metabolites, P16.5, P33.6 

and P37.7, accounted for 6.66%, 4.86% and 5.40%, respectively, and all other 

metabolites were less than 3.53%. Due to the low recovery (approximately 45% in oral 

feces), the percentages of metabolites could not be reliable. Actually the total recovery 

was good including from urine (17.5%), feces (51.8%) and cage wash (17.73%). Due to 

diarrhea in dogs, urine and cage wash were contaminated with fecal samples. Therefore, 

the low recovery in feces resulted from the radioactivity loss in urine and cage wash. Rat 

oral feces also contained low amounts of the cysteinyl adducts of Midostaurin (P16.2, 

P21.3), comprising no more than 6.34% of the dose.  

Overall, in rats and dogs, the primary biotransformation pathways observed included 

hydroxylation (P33.6, P34.5, P35.3, P37.7 [epimer 1 of CGP52421] and P39.8 [epimer 2 

of CGP52421]), O-demethylation (P38.7; CGP62221, dog only). Secondary 

biotransformation pathways involving the primary biotransformation products included 

di-hydroxylation (P27.9, P28.8, P29.6), O-demethylation and hydroxylation (P29.6B), 

and glucuronidation (P19.9). Additionally, metabolites derived from carbonyl reduction 

(dog only) forming metabolites P16.5 and P24.5 were detected in dog excreta, trace 

amounts of cysteinyl conjugates were observed in rat feces (P16.2, P21.3). In rats, 

approximately 66% of the dose was recovered in the feces as metabolites formed by 
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hydroxylation of the staurosporine and/or pyrrolidinone moieties. Overall, species 

differences in the in vivo metabolism of Midostaurin were observed. N-demethylation and 

amide hydrolysis occurred mainly in human, carbonyl reduction occurred mainly in dog, 

and cysteinyl adduct formation was detected only in the rat.  

 

In Vitro Metabolism in Rats, Dogs, and Humans. 

The in vitro metabolism of Midostaurin was studied in rat, dog and human liver slices, 

and in human hepatocytes (data not shown). The primary in vitro metabolic reactions of 

[14C]Midostaurin involved hydroxylation and O-demethylation. Secondary metabolic 

reactions involved further oxidation and/or glucuronidation of the primary metabolites. 

The biotransformation of [14C]Midostaurin by human liver slices or human hepatocytes 

occurred mainly via oxidative pathways, whereas, in rat and dog liver slices it occurred 

via both oxidation and secondary glucuronidation..  

In general, the biotransformation reactions observed in vitro were the same as those 

observed in vivo. One metabolite that was not observed in either the rat or dog in vivo 

studies is P21.9 (glucuronide of P35.3, rat liver slices). In rat in vivo, the conjugate 

metabolite P21.9 could potentially be hydrolyzed by gut bacteria to form the respective 

phase-I metabolite (P35.3) which was detected in the rat feces. 

Discussion 

The absorption, disposition, metabolism and elimination of Midostaurin were 

investigated in the rat and dog after a single intravenous or oral dose to support 

registration trials. As midostaurin is a highly lipophilic drug with low aqueous solubility 
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(<0.001 mg/mL), the solubility was improved using organic excipients, with a 

microemulsion formulation to maximize oral absorption. Midostaurin showed a slow to 

moderate absorption rate (tmax 4-8 h). Oral absorption was estimated to be high in rats 

(>90%) and moderate in dogs (47%) mainly based on the remaining parent% and 

metabolites % in the excreta as Midostaurin was shown to be stable in the gastrointestinal 

milieu. However, the calculated oral bioavailability was low in rats (9.3%) but moderate 

in dogs (48.5%) indicating high first pass metabolism in rats but not in dogs.  An attempt 

was made to characterize midostaurin’s apical to basolateral permeability which could 

not be accurately determined using Caco-2 cells due to high nonspecific binding. 

However, considering a high absorption in animals and humans, Midostaurin can be 

classified as a BCS class II compound.  

After an intravenous dose, the distribution and elimination half-lives of Midostaurin were 

0.5 h and 3.2 h in rats and 0.9 and 4 h in dogs, respectively. The distribution phase 

accounted for a high percentage of the AUC (88%) in rats, while in dogs the elimination 

phase accounted for a larger proportion of 72.7%, indicating that the effective half-life 

was short in rats and moderate in dogs. The volume of distribution at steady-state (Vss) 

was moderate when compared to total body water, with 1.2 L/kg and 3.77 L/kg in rats 

and dogs, respectively, indicating moderate distributions to tissues.  The plasma clearance 

of Midostaurin was moderate for the rat (0.98 L/h/kg) and dog (0.90 L/h/kg) when 

compared to their respective hepatic blood flow (Davies and Morris, 1993).  

For human pharmacokinetic prediction, CL and Vss for Midostaurin were initially 

predicted to be 0.47 L/h/kg and 2.0 L/kg based on allometric scaling with the rule of 

exponent approach without considering protein binding differences (Ring et al., 2011). 
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However, the observed human CL and Vss were estimated to be approximately 

0.016 L/h/kg and 0.42 L/kg, respectively, based on the oral clinical data assuming 30% 

oral bioavailability. Moreover, the observed terminal Midostaurin oral half-life in human 

was much longer (25 h) when compared to that in preclinical species (3 - 4 h) (Table 3). 

Midostaurin is an example for vertical allometry (a large over-prediction (~ 47 fold) of 

human clearance by allometric scaling observable for compounds with high logP and 

plasma protein binding), as previously proposed for UCN-01, which is structurally 

related to Midostaurin (Tang and Mayersohn, 2006). To improve human PK parameter 

predictions, protein binding of Midostaurin, CGP52421 (epimers 1 and 2) and CGP62221 

was examined. Previously the protein binding for [14C]midostaurin and its metabolites 

had been determined by ultracentrifugation. Due to low sensitivity, the protein binding 

showed no species differences among animals and humans. Recently, a novel equilibrium 

gel filtration method was used to evaluate the protein binding for [14C]midostaurin and its 

metabolites (Weiss et al, 2014). Based on several Novartis compounds, it was shown that 

equilibrium gel filtration shows the most sensitive method and allows accurate 

determination of fu for very highly bound drug and for differentiation even above 99.9% 

of binding (Weiss et al 2014). Based on equilibrium gel filtration, the human fu% of 

Midostaurin at a clinically relevant steady state concentration range (Cmax) of 1200 – 

5300 ng/mL (fu%, 0.01-0.02%) was at least 4- to 10- fold lower than that in rat and dog 

(fu: 0.10-0.08%). In addition, using the dextrin-coated charcoal method (data on file), it 

was demonstrated further that the binding affinity of Midostaurin to human plasma 

protein was much higher than that of rat and dog.  A species difference in protein binding 

between animals and human was also reported for UCN-01 (Tang and Mayersohn, 2006). 
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Therefore, it is thought that the specific and extremely strong binding to human proteins 

(mainly alpha 1-acid glycoprotein) can be partially attributed to the low Vdss and CL in 

human as compared to rat and dog. Since Midostaurin showed a vertical allometry, based 

on literature (Barbara J. Ring, et al. 2011 and Rhys Do Jones, 2011) it was decided that 

CL and Vss parameters would be predicted by using the best approaches, e.g. the Fu 

corrected intercept method (FCIM) for CL and Oie-Tozer method for Vss. As a result, the 

CL and Vss were estimated to be 0.04 L/h/kg (observed 0.016 L/h/kg) and 0.28 L/kg 

(observed 0.42 L/kg),respectively, similar to the observed values. 

Based on toxicology findings (data on file), the steady state total human/animal AUC 

ratios of midostaurin, CGP52421 (epimers 1 and 2) and CGP62221 in AML patients were 

13-79 fold higher than the NOAEL doses (No Observed Adverse Effect Level) in rats and 

dogs. Taking protein binding species differences into the consideration, the free 

human/animal AUC ratios were 1.5 to 15-fold higher compared to the preclinical species, 

indicating 5-10 fold improvement. Though the free exposure ratios appeared more 

favorable, considering extremely high protein binding leading to potential assay 

limitations, it was decided to report both total and free concentrations for safety margin 

calculations to health authorities.  Low metabolite exposure was observed, as CGP62221 

was not present in rats and low (79-fold lower) in dogs.  A study was conducted to 

investigate whether the exposure of CGP62221 in rats after a single oral dose CGP62221, 

could increase its exposure. However, higher exposure of CGP62221 could not be 

obtained due to a low bioavailability and/or high clearance. Eventually, early clinical 

safety assessments were used. 
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In plasma, following a single oral dose of Midostaurin to the rat and dog, unchanged 

Midostaurin was one of most abundant drug-related components found (22% - 57% of 

the total drug-related AUC). Circulating metabolites that were common to both rats and 

dogs were P37.7 (epimer 1 of CGP52421, mono-hydroxylation) and P39.8 (epimer 2 of 

CGP52421, mono-hydroxylation), accounting for 20-37% of the total AUC in the rat and 

3.8-22% of the total AUC in the dog (Table 6). A minor metabolite CGP62221, 

(O-demethylation metabolite) was found in dogs (4.6%) but not in rats. Similarly, 

Midostaurin and epimer 2 of CGP52421 were also the major circulating components in 

human.  In contrast, CGP62221 was one of the major human metabolites, accounting for 

28% of total AUC. In excreta following an intravenous or oral dose in preclinical species 

and humans, Midostaurin was extensively metabolized and excretion of radioactivity was 

primarily through the fecal route with only a minor contribution from the urinary route 

(0.5-4% of the radioactivity dose). The amount of Midostaurin excreted as unchanged 

drug into the feces after the iv dose in rats and dogs and oral dose in all three species 

were 0.91-2.05% and 3.43-11.2%, respectively, indicating that Midostaurin was mainly 

metabolized and the elimination as parent was minor. In the rat and dog excreta, the 

major metabolites were different from those in human. The major human metabolite 

found in oral feces, P29.6B (O-demethylated and hydroxylated-Midostaurin), was only 

found 0.99% in dogs not in rats. The major human metabolite found in urine , P6 (acid 

metabolite formed from amide hydrolysis) and P6B (hippuric acid), accounted for a total 

of 2.6%, were not found in rats or dogs. Though the metabolites were quantitatively 

different in animals and human, Midostaurin showed extensive metabolism in all species, 

accounting for >90% of the dose. As a result, Midostaurin was classified as a BDDCS II 
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in animals, which was predictive of the human BDDCS II class (Benet 2011, Custodio 

et.al., 2008, DMD/2016/072744). 

In rats and dogs, the primary biotransformation pathways observed included 

hydroxylation and O-demethylation (dog only). Secondary biotransformation pathways 

involving the primary biotransformation products included di-hydroxylation, O-

demethylation and hydroxylation, and glucuronidation. Overall, species differences in the 

in vivo metabolism of Midostaurin were observed. N-demethylation and amide hydrolysis 

occurred mainly in human, carbonyl reduction occurred mainly in dog, and cysteinyl 

adduct formation was detected only in the rat.  

In conclusion, the pharmacokinetics of Midostaurin in rats and dogs were characterized 

by high to moderate absorption combined with low to moderate bioavailability. Species 

differences in protein binding were observed by equilibrium gel filtration method. The 

clearance and volume of distribution values were moderate. Human clearance and other 

pharmacokinetics parameters could not be successfully predicted via allometric scaling of 

preclinical data due to vertical allometry. However, with protein binding corrections, the 

CL and Vss could be reasonably predicted by using FCIM method and Oie-Tozer 

method, respectively. Major metabolites observed in human were also detected in the rats 

and/or dogs albeit at lower exposure. The attempts to dose the metabolite, CGP62221, in 

rats failed to generate higher systemic exposure. Therefore, the clinical safety data 

instead of the exposure multiples in animals compared to humans were used in assessing 

safety.  Animal data translated to human and predicted the midostaurin human 

BDDCS/BCS class II correctly, as extensive hepatic metabolism (> 90%), moderate to 

high absorption, and low solubility were consistent with the human BDDCS II class.   
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Figure Legends 

Figure 1. Chemical structures of [14C] Midostaurin and related metabolites; the internal 

standards: B: Warfarin (used for rat studies) and C: C2913C6H30N4O4 (used for dogs 

studies).   

Figure 2. Concentration vs. time profiles of radioactivity and Midostaurin parent drug in 

rat and dog plasma after a single intravenous or oral dose of [14C]Midostaurin (mean or 

mean ± SD).  

Figure 3. A: Representative radio-chromatograms of Midostaurin in rat plasma after a 

single oral dose of [14C] Midostaurin (10 mg/kg); CPM denotes counts per minute. B: 

Representative radio-chromatograms of Midostaurin in dog plasma after a single oral 

dose of [14C] Midostaurin (3 mg/kg); CPM denotes counts per minute. 

Figure 4. A: Representative radio-chromatograms of Midostaurin rat feces after a single 

oral dose of [14C] Midostaurin.  B: Representative radio-chromatograms of Midostaurin 

dog feces after a single oral dose of [14C] Midostaurin.  

Figure 5. CID mass spectrum of Midostaurin  

Figure 6.  Proposed metabolic pathways of Midostaurin in rats (r), dogs (d) and humans 

(h) 
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Table Legend: 

Table 1:  

Pharmacokinetic parameters of radioactivity in plasma after a single Midostaurin 

intravenous (i.v.) dose in rats and dogs: 

 

Pharmacokinetic Parameters; mean Rat (n=3) Dog (n=2) 

Intravenous dose (mg/kg) 1.0 0.5 

Cmax (ngEq/mL) 2120 203 

AUC0-168h(ngEq·h/mL) 2900 1380 

Apparent terminal t1/2 (h) 72 NC 
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Table 2: 

Pharmacokinetic parameters of radioactivity in plasma after a single oral (po) dose in rats 

and dogs 

 

Pharmacokinetic Parameters; mean Rat (n=3) Dog (n=3)

Oral dose (mg/kg) 10 3.0 

Cmax (ngEq/mL) 178 250 

tmax (h) 8.0 5.3 

AUC0-168h(ngEq·h/mL) 5570 3900 

Apparent terminal t1/2 (h) 94 NC* 

* Not Calculated 
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Table 3: 

Pharmacokinetic parameters of unlabeled Midostaurin in plasma after a single 

intravenous dose 

Pharmacokinetic Parameters; mean Rat (n=3) Dog (n=2) 

Intravenous dose (mg/kg) 1 0.5 

AUC0-∞ (ng·h/mL) 1020 570 

CL (L/h/kg) 0.98 0.90 

Vss (L/kg) 1.2 3.77 

t
1/2
α (h) 0.5 0.9 

t
1/2 

 β (h) 3.2 4.0 

AUC α (%) 88 27.3 

AUC β (%) 12 72.7 
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Table 4: 

Pharmacokinetic parameters of unlabeled Midostaurin in rat and dog plasma after a single 

oral dose in a microemulsion formulation 

 

Pharmacokinetic Parameters; mean Rat (n=3) Dog (n=3)

Oral dose (mg/kg) 10 3.0 
tmax (h) 4.0 – 8.0 4.0 
Cmax (ng/mL) 46.6 144 
AUC0-∞ (ng·h/mL) 946 1660 
Apparent terminal t1/2 (h) 10 9.6 

Absorption (%) >90
a

47.1
b 

Bioavailability (%) 9.3 48.5 
a Absorption  from total intact midostaurin in feces remaining when compared to the total 
radioactivity drug recovered in feces. Assuming fraction absorbed is 0.9, bioavailability of 0.09, 
and a liver first pass of ~ 0.50 (with a blood clearance of 28 mL/min/kg, and a rat liver blood flow 
of 55 mL/min/kg), the midostaurin fraction escaping first-pass in the gut, can be estimated to be 
low, near 0.19 or 19%.  
b 
Calculated based from the oral : intravenous AUC ratio.  
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Table 5: 

Excretion of parent Midostaurin and total radioactivity in the rats and dogs (All data are 

mean ± standard deviation) 

 

   Amount Excreted (% of dose, mean)  

   Urine Feces  

   Radioactivity Mido-
staurin 

Radioactivity Mido-
staurin 

Total 
recoveryc 

Species Dose 
mg/kg  

Dose 
Route 

0-24 
h 

0-168 
h 

 0-24 
h 

0-168 
h 

  

Rat 10  p.o. 0.25 0.59 <0.01 40.3 92.3 6.25 94.1 

 1  i.v. 0.57  0.70 <0.01 83.0 98.5 2.05 99.4 

Dog 3  p.o. 16.2 17.5 a ND a 27.4 51.8 a 11.2 86.9 b 

 0.5  i.v. 0.40 0.74 trace 43.0 90.5 0.91 91.6 

ND = Not detected 
a Due to diarrhea, urine was contaminated with feces and could not be accurately 
quantified. 
b the total recovery included from urine (17.5%), feces (51.8%) and cage wash (17.73%) 
c the total recovery in human was 81.6%. (DMD/2016/072744) 
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Table 6: 

Plasma AUC and AUC% of Midostaurin and circulating metabolites after an oral 

radiolabeled dose in rats and dogs 

Metabolite 
AUC (ngh/mL) (AUC%) of Midostaurin and 

Circulating Metabolites (0-24h) 

 
Rat 

(10 mg/kg) 
Dog  

(3 mg/kg) 
Human 

(0.71 mg/kg) 

P19.9 – 131 (4.0) - 

P33.6 – 163 (5.0) - 

P34.5 67 (1.7) 60.3 (1.9) - 

P35.3 100 (2.5) 22.0 (0.7) - 

P37.7 (CGP52421 epimer 1) 780 (20) 721 (22) 4120 (5.3) 

P38.7 (CGP62221) – 151 (4.6) 22500 (28) 

P39.8 (CGP52421 epimer 2) 1470 (37) 124 (3.8) 25800 (33) 

Midostaurin 990 (25) 1844 (57) 18000 (22) 

Bold font indicates major metabolites detected in rat and dog 
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Table 7: 

Midostaurin metabolism in feces after an intravenous or oral radiolabeled dose in rat and 

dog  

 Rat % of dose  Dog % of dose  

Metabolites  

IV  

(1 mg/kg) 

PO 

 (10 mg/kg) 

IV  

(0.5 mg/kg) 

PO 

 (3 mg/kg) 

P16.2 1.12 6.32 -a - a 

P16.5 - – 11.3 6.66 

P21.3 0.70 3.64 - – 

P24.5 - – 5.37 3.53 

P27.9 4.83 11.3 6.79 2.35 

P28.8 6.35 7.13 8.79 2.38 

P29.6B - – 4.85 0.99 

P29.6 18.9 15.3 - – 

P33.6 17.2 8.61 14.2 4.86 

P34.5 11.5 5.51 2.40 0.93 

P35.3 4.46 8.81 5.94 3.48 

P37.7 (CGP52421 epi. 1) 2.78 4.48 4.61 5.40 

P38.7 (CGP62221) - a – a 0.93 1.11 

P39.8 (CGP52421 epi. 2) 9.94 4.70 3.84 2.24 

P43.5 1.35 1.77 - – 

Midostaurin 2.05 6.25 0.91 11.2 

Total recovery (%)b 81.2 83.8 69.9 45.1 

Total metabolism (%)c 79.1 77.6 69.0 33.9 

Recovery corrected total 
metabolism (%)d 97.5 92.5 98.7 NDf 

Recovery corrected total parent 
(%)e 2.5 7.5 1.3 NDf 

Absorption (%)g  >90g  NDf 
a not detected; b: total recovery of the dose in feces; c: total metabolism of the dose in feces: d: recovery 
corrected total metabolism; e: recovery corrected total parent; f: due to diarrhea, urine was contaminated 
with feces and the total recovery in feces could not be accurately quantified; g based on % metabolized;  
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Table 8: 

Midostaurin major metabolites and proposed structures: 

 

Peak ID Measured 
mass 

MH+ m/z 

Species Proposed structures 

P16.5 

 

621 

 
dog 

N N

O

O

N
H

OH

NO

H

OH

 

 

N N

N
H

OHOH
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N
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N
H
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420
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+

m/z 410
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-O

OH

-H2O -H2O

-2H2O
-H2O

-H2O

OH

OH

OH
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P27.9 603 rat, dog, 
human 

N N
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O
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O
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N N
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OOH

 N
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N
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OOH
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P33.6 

 
587 rat, dog, 

human 

N N

O

O
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P39.8 
(epimer 2 of 
CGP 
52421) 

 

587 rat, dog, 
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Figure 3:  
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Figure 4:  
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Figure 6:  
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