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A B S T R A C T

Purpose
Mutations leading to constitutive activation of the FMS-like tyrosine kinase 3 receptor (FLT3) occur
in blasts of 30% of patients with acute myeloid leukemia (AML). Midostaurin (PKC412;
N-benzoylstaurosporin) is a multitargeted tyrosine kinase inhibitor, with demonstrated activity in
patients with AML/myelodysplastic syndrome (MDS) with FLT3 mutations.

Patients and Methods
Ninety-five patients with AML or MDS with either wild-type (n � 60) or mutated (n � 35) FLT3
were randomly assigned to receive oral midostaurin at 50 or 100 mg twice daily. The drug was
discontinued in the absence of response at 2 months, disease progression, or unacceptable
toxicity. Response was defined as complete response, partial response (PR), hematologic
improvement, or reduction in peripheral blood or bone marrow blasts by � 50% (BR).

Results
The rate of BR for the population in whom efficacy could be assessed (n � 92) was 71% in
patients with FLT3-mutant and 42% in patients with FLT3 wild-type. One PR occurred in a patient
with FLT3-mutant receiving the 100-mg dose regimen. Both doses were well-tolerated; there
were no differences in toxicity or response rate according to the dose of midostaurin.

Conclusion
These results suggest that midostaurin has hematologic activity in both patients with FLT3-mutant
and wild-type. The degree of clinical activity observed supports additional studies that combine
midostaurin and other agents such as chemotherapy especially in FLT3-mutant AML.

J Clin Oncol 28:4339-4345. © 2010 by American Society of Clinical Oncology

INTRODUCTION

Only 70% of younger adults and 40% to 50% of
older adults with acute myeloid leukemia (AML)
achieve complete remission using standard therapy.1,2

Standard therapy is nonspecific and of limited effi-
cacy with a cure rate no higher than 40% in younger
adults and lower than 10% in older adults.2 Thera-
peutic need and an enhanced understanding of AML
biology have prompted the clinical development of
molecularly targeted therapies including inhibitors of
the FMS-like tyrosine kinase 3 receptor (FLT3).

FLT3 plays a critical role during hematopoeisis
by regulating proliferation, differentiation, and ap-
optosis of cell progenitors. Approximately 30% of

patients with AML harbor a mutation in FLT3,
which results in constitutive activation. These muta-
tions include internal tandem duplications (ITD),
in which three to 60 amino acids are repeated in the
juxtamembrane domain or in the tyrosine kinase
domain 1 (occurring in approximately 25% of pa-
tients), and point mutations in the activating loop re-
gion (occurring in approximately 5% of patients).3-6

These mutations are capable of mediating growth fac-
tor independence in factor-dependent leukemia cell
lines, and the FLT3-ITD produces a fatal myelopro-
liferative syndrome in murine models.7-9

Small molecule inhibitors of FLT3 are capable
of specifically killing factor-independent trans-
formed cell lines7 as well as increasing the survival of
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FLT3-mutant myeloproliferative syndrome mice.8 There are several
small molecule inhibitors of FLT3 in development which demonstrate
various degrees of FLT3 inhibition.10 However, potency alone may
not be the key to antileukemic effect. Inhibition of other enzymes/
pathways, a need for sufficient exposure to the leukemic stem cell and
disease state (newly diagnosed or relapsed) may be equally impor-
tant factors.10

A phase I study employing midostaurin in patients with solid
tumors demonstrated a tolerable dose which led to enzyme inhibition
in vivo.11 Subsequent studies determined that midostaurin inhibited
activated FLT3 in the nanomolar range.7 A phase II trial wherein
patients with FLT3-mutant were treated with midostaurin at a dose of
75-mg orally three times daily demonstrated a � 50% reduction from
baseline in peripheral blood and/or bone marrow blast count in 14
(70%) of 20 patients.12 Seven patients achieved a greater than 2-log
reduction in blast count for more than 4 weeks; one patient achieved a
near complete remission (bone marrow cellularity was 10%). Overall,
midostaurin was generally well-tolerated.

Ancillary studies documented inhibition of autophosphoryla-
tion of FLT3; however, the primary antileukemia mechanism of action
of midostaurin, which also inhibits other tyrosine kinases, such as c-kit
and platelet-derived growth factor receptor,13 remains uncertain. As
FLT3 is overexpressed in many patients with AML, it is possible that
inhibition of FLT3 could have therapeutic benefit in patients with
either mutant or wild-type FLT3. In an effort to further understand
the efficacy of this agent in a wide variety of patients with AML or
myelodysplastic syndrome (MDS), we conducted a phase IIB, ran-
domized trial at two dose levels (50- or 100-mg orally twice daily) in
patients with both mutant and wild-type FLT3. Pharmacokinetic
studies showed that the more convenient twice daily dosing schedule
would achieve sufficient plasma concentrations to inhibit the target.14

PATIENTS AND METHODS

Objectives

The primary objective of the study was to determine the safety, tolerabil-
ity, and efficacy of two doses of midostaurin in patients with AML and high-
risk MDS with either wild-type or mutated FLT3. Secondary objectives
included an evaluation of the pharmacokinetics of midostaurin and its metab-
olites in peripheral blood.

Trial Design

This trial (NCT00045942) available at www.clinicaltrials.gov was an
open-label, randomized, phase II study of midostaurin monotherapy in pa-
tients with AML/high-risk MDS with either wild-type or mutated FLT3. Pa-
tients were randomly assigned to either 50- or 100-mg orally twice daily.
Patients continued therapy until the occurrence of disease progression or
unacceptable toxicity. All authors had access to the primary clinical trial data.

Study Population

Patients with AML were required to have relapsed/refractory AML or be
ineligible to receive standard chemotherapy. Patients with MDS with subtypes
refractory anemia with excess blasts, refractory anemia with excess blasts in
transformation, or chronic myelomonocytic leukemia were eligible. Patients
were required to have their FLT3 mutation status determined before enroll-
ment and not have been previously treated with a FLT3 inhibitor. Further,
patients were required to be � 18 years of age, have a WHO performance state
of 0 to 2 and life expectancy of at least 3 months, be recovered from prior
cytotoxic chemotherapy (treatment with hydroxyurea was allowed up to 7
days before day 1 of study drug administration), have a serum creatinine of �
1.5 � upper limit of normal (ULN), AST/ALT � 3 � ULN, and total biliru-

bin � 2.0 � ULN, and provide written informed consent. In addition, patients
must not have had a prior allogeneic, syngeneic, or autologous bone marrow
transplant within 2 months of enrolling in the study; female patients or adults
of child-bearing age not employing an effective method of birth control were
not eligible. Grounds for ineligibility also included severe and/or uncontrolled
medical or psychiatric conditions, impairment of GI function or GI disease
that could significantly alter the absorption of midostaurin, more than two
prior regimens for the current relapse or primary refractory disease, an active
uncontrolled infection, or any pulmonary infiltrate on baseline chest x-ray
known to be new in the previous 4 weeks. The study protocol was approved by
institutional review boards and conducted in accordance with good clinical
practice and the guiding principles of the Declaration of Helsinki. Written
informed consent was obtained from all subjects at prescreening.

Treatment Plan

Midostaurin was administered orally in 25-mg capsules. Patients with
wild-type FLT3 were randomly assigned to receive midostaurin by continuous
oral twice daily doses of 50 or 100 mg. Patients were enrolled in cohorts of 10 to
a maximum of 30 patients. Patients with mutant FLT3 were randomly as-
signed to receive midostaurin by continuous oral twice daily doses of 50 or 100
mg. Patients were enrolled in cohorts of 10 followed by two cohorts of five to a
maximum of 20 patients. The smaller size of the cohort of patients with mutant
blasts was planned due to the longer expected timeframe required to accrue
patients. The decision to continue or terminate accrual was made after evalu-
ating each cohort.15,16 Midostaurin was continued until disease progression or
unacceptable toxicity and was withheld in the event of a grade 3 or 4 nonhe-
matologic toxicity considered to be study drug-related. If this toxicity occurred
at 100-mg twice daily, dose reduction to 50-mg twice daily was allowed once
toxicity resolved to grade 1 within 14 days. Patients who experienced grade 3 or
4 nonhematologic toxicities at the lower dose which did not resolve within 14
days were taken off the study. There were no dose modifications for hematologic
toxicity. No other medicine for AML (except for hydroxyurea as noted above) or
MDS was allowed during the study (4 weeks before the first dose of study drug to
the last day of study medication). Prophylaxis was allowed for prevention of
nausea and vomiting. Any drug known to inhibit or induce CYP3A4 could not
be used due to possible pharmacologic interaction with midostaurin.

Pharmacokinetic data were obtained during 4 days of the first 5 weeks of
therapy. Disease assessment by means of bone marrow examination was
carried out monthly. Clinical response included complete remission (CR),
partial remission (PR), hematologic improvement (HI), and blast response
(BR). Definitions of CR and PR were per the International Working Group
guidelines for AML.17 Definitions of HI were taken from the guidelines for
response in MDS.18 BR was defined as a reduction of 50% or greater in the
percentage of bone marrow blasts or the absolute number of peripheral blood
blasts, although these two types of BR are reported separately.

Pharmacokinetics

Blood samples were drawn on day 1 (before the first dose and 4 hours
after the first dose), day 2 (24 hours after the first dose), and before dosing on
days 3 and 8 of cycle 1 and on day 1 of each subsequent cycle. The concentra-
tions of midostaurin and metabolites CGP52421 (e1 and e2 epimers of the
monohydroxy metabolite) and CGP62221 (desmethyl metabolite) in plasma
samples were determined using the liquid chromatography tandem mass
spectrometry method (limits of quantification � 9 nmol/L) at Novartis societe
anonyme, Rueil-Malmaison, France.

RESULTS

Of the 95 enrolled patients, 85 (89%) had AML, 49 (52%) were male,
84 (88%) were white, and 61 (64%) were at least 65 years old (Table 1).
The blasts of 35 patients (37%) harbored FLT3 mutations, and of
these, ITDs were detected in 26 (74%). The myeloid malignancies
in three (9%) of the FLT3 mutated and 23 (38%) of the patients with
wild-type FLT3 were previously untreated (Table 1). All 95 enrolled
patients received at least one dose of study drug and are included in the
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analysis of toxicity. Three patients with FLT3 wild-type treated at 100
mg were not included in the efficacy population; one had a major
protocol violation and the other two failed to complete 8 days of cycle
1 due to adverse events. Therefore, 92 patients were analyzed for
efficacy (35 FLT3-mutant, 57 wild-type; Tables 2, 3 and Figs 1 and 2).

Both patients with FLT3-mutant and wild-type responded to
midostaurin (Table 2). Only one patient (1%) experienced a PR, as
previously defined.18 HI was achieved in 16 (46%) of 35 patients with
FLT3-mutant and 20 (35%) of 57 patients with FLT3 wild-type. Blast

reductions were frequently observed, occurring in 71% of patients
with FLT3-mutant and 42% of patients with FLT3 wild-type (Table 2).
Peripheral blood blast reductions of 2-logs or greater were seen in 49% of
patients with FLT3-mutant and 33% of patients with FLT3 wild-type
(Table 2). Within the FLT3-mutant group, 22 of 32 (69%) relapsed or
refractory (ie, previously treated) patients displayed a BR, compared to
three (100%) of three who were previously untreated (Table 3). Within
the FLT3 wild-type group, 13 (37%) of 35 relapsed or refractory
patients displayed a BR, compared with 11 (50%) of 22 who were previ-
ously untreated. There were no clear differences in the blast responses
according to type of FLT3 mutation or dose of study drug (Table 3).

Although patients’ blasts typically decreased within 1 week of
starting treatment, onset of blast response (reaching 50% reduction
below baseline) occurred at a median of 29 days for both FLT3-mutant
(96% occurred on cycle 2 day 1 or before) and wild-type (83% oc-
curred on cycle 2 day 1 or before) groups. Kaplan-Meier estimates for
median time to treatment failure, defined as disease progression or
study discontinuation for reasons potentially related to treatment
failure (ie, death or adverse event) were 50 days (95% CI, 36 to 65) in
the FLT3-mutant group, and 56 days (95% CI, 38 to 68) in the FLT3
wild-type group. Median time to treatment failure for the blast re-
sponders in the FLT3-mutant group was 60 days (95% CI, 44 to 85)
compared to 83 days (95% CI, 57 to 115) in the wild-type group.

Based on post-treatment follow-up data, the Kaplan-Meier esti-
mate for median survival for the entire group was 130 days (95% CI,
105 to 159), which is a reflection of the poor prognosis of the patients
with AML and MDS treated in this study. Figure 2 depicts the overall
survival by FLT3 status and includes all reported deaths that occurred
in the efficacy population after first dose of study drug. Twenty-eight
deaths (80%) occurred in the mutant population with a median sur-
vival of 100 days (95% CI, 76 to 121) and 38 deaths (67%) occurred in
the wild-type population with median survival of 159 days (95% CI,
130 to 209). Twenty-six patients were censored (censoring occurred at
the date the patient was last known to be alive) within a period of 9

Table 1. Patient Characteristics

Characteristic

FLT3

Mutant Wild-Type

50 mg Twice
Daily

100 mg
Twice Daily Total

50 mg Twice
Daily

100 mg
Twice Daily Total

No. % No. % No. % No. % No. % No. %

No. of patients 18 17 35 31 29 60
Male sex 13 72 8 47 21 60 15 48 13 45 28 47
White race/ethnicity 16 89 15 88 31 89 28 90 25 86 53 88
Age � 65 years 7 39 9 53 16 46 24 77 21 72 45 75
Performance status of 0 or 1 15 83 11 65 26 74 27 87 23 79 50 83
MDS 3 17 0 3 9 3 10 4 14 7 12
Previously treated� 18 100 14 82 32 91 18 58 19 66 37 62
WBC � 50, �109/L 4 22 4 24 8 23 0 2 7 2 3
WBC median, �109/L 15.4 25.1 18.10 4.2 3.2 3.9

Minimum-maximum 1.1-85.5 0.7-97.1 0.7-97.1 0.9-49.7 0.9-69.8 0.9-69.8
Abnormal cytogenetics 10 56 8 47 18 51 19 61 16 55 35 58
FLT3 ITD 12 67 14 82 26 74 NA NA NA
FLT3 D835Y 6 33 3 18 9 26 NA NA NA

Abbreviations: FLT3, FMS-like tyrosine kinase 3 receptor; MDS, myelodysplastic syndrome; ITD, internal tandem duplications; NA, not applicable.
�Includes recurrent/relapsed and refractory patients.

Table 2. Clinical Response

Response�

FLT3

Mutant Wild-Type

50 mg
Twice
Daily

100 mg
Twice
Daily Total

50 mg
Twice
Daily

100 mg
Twice
Daily Total

No. % No. % No. % No. % No. % No. %

No. 18 17 35 30 27 57
PR 0 1 6 1 3 0 0 0
Hematologic

improvement 9 50 7 41 16 46 13 43 7 26 20 35
Blast response

Total 12 67 13 76 25 71 15 50 9 33 24 42
PB and bone marrow 5 42 1 8 6 24 4 27 2 22 6 25
Bone marrow only 0 4† 24 4 11 2 13 1 11 3 13
PB only 7 58 8 62 15 60 9 60 6 67 15 63

2-log PB blast
reduction 8 44 9 53 17 49 11 37 8 30 19 33

Overall response
(CR, PR, HI, BR) 12 67 13 76 25 71 20 67 12 44 32 56

Abbreviations: FLT3, FMS-like tyrosine kinase 3 receptor; PR, partial remission;
PB, peripheral blood; CR, complete remission; HI, hematologic improvement;
BR, blast response.

�Rows are not mutually exclusive.
†This group includes the patient with the PR.
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months from study completion with mean post treatment follow-up
of 41 (standard deviation, 75) days.

Midostaurin was generally well-tolerated at both dose levels (Ta-
ble 4). It is difficult to attribute adverse events (AEs) and particularly
hematologic AEs, to drug or disease due to the poor baseline condition
of this patient population. Mild to moderate nausea and vomiting was
common; however, there was no apparent association between AEs and
dose or the patient’s mutational status. Within the overall population, 28
deaths (18 in the 50-mg twice daily dose group; 10 in the 100-mg twice
daily group) occurred within 28 days after last dose of study treatment.
The most common causes of death were disease progression (n � 17),
sepsis (n � 3), and one report each of renal insufficiency, cardiac
failure, splenic infarct, general health deterioration, intracranial bleed,
liver failure, multisystem organ failure, and unknown cause.

Once in the liver, midostaurin is metabolized by CYP3A4 into
two major metabolites, CGP62221 (via O-demethylation) and
CGP52421 (via 7-hydroxylation). Blood samples for pharmacokinetic
analysis were collected from 45 (50 mg) and 42 (100 mg) patients.
After multiple oral doses of 50- or 100-mg twice daily, midostaurin
and CGP62221 concentrations accumulated significantly in the first 3
to 5 days, and then declined by approximately 40% to 80% before
reaching a new steady-state between 2 and 3 weeks post dose (Fig 3).
CGP52421 concentrations accumulated continuously through day 28
and remained stable thereafter, achieving concentrations roughly 7
times higher than that of either the parent drug or CGP62221 (Fig 3).
The average trough concentrations observed at the 50- and 100-mg
doses were as follows (� standard deviation): midostaurin (1.25
�mol/L � 0.35, 1.48 �mol/L � 0.34), CGP62221 (2.08 �mol/L �
0.29, 2.27 �mol/L � 0.30), and CGP52421 (9.61 �mol/L � 1.16, 13.6
�mol/L � 1.42). Midostaurin trough concentrations were less than
dose proportional between the 50- and 100-mg twice daily doses.14

However, the steady-state levels of midostaurin and the metabolites
reached at 2 to 3 weeks were above the 50% inhibitory concentration

Table 3. Blast Response Rates

Baseline Characteristic:
Blast Response

FLT3

Mutant Wild-Type

50 mg Twice
Daily

100 mg Twice
Daily Total

50 mg Twice
Daily

100 mg Twice
Daily Total

No. % No. % No. % No. % No. % No. %

No. 18 17 35 30 27 57
Previously treated� 12 of 18 67 10 of 14 71 22 of 32 69 8 of 17 47 5 of 18 28 13 of 35 37
Previously untreated 0 3 of 3 100 3 of 3 100 7 of 13 54 4 of 9 44 11 of 22 50
FLT3 ITD 8 of 12 67 11 of 14 79 19 of 26 73 NA NA NA
FLT3 D835Y 4 of 6 67 2 of 3 67 6 of 9 67 NA NA NA
AML 11 of 15 73 13 of 17 76 24 of 32 75 13 of 27 48 9 of 24 38 22 of 51 43
MDS 1 of 3 33 0 1 of 3 33 2 of 3 67 0 of 3 0 2 of 6 33

Abbreviations: FLT3, FMS-like tyrosine kinase 3 receptor; ITD, internal tandem duplications; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; NA,
not applicable.

�Includes recurrent/relapsed and refractory patients.

Assessed for eligibility 
(N = 104)

Excluded 

Did not meet inclusion 
    criteria 
Refused to participate 

Other reasons 

(n = 9)

(n = 7)
(n = 1)

(n = 1)

Lost to follow-up

Discontinued intervention

(n = 0)

(n = 0)

Analyzed

Excluded from analysis

Lost to follow-up

Discontinued intervention

Analyzed

Excluded from analysis

Allocated to intervention†

Received allocated 
    intervention 
Did not receive allocated 
    intervention

(n = 35)

(n = 35)

(n = 0)

Allocated to intervention*

Received allocated 
    intervention 
Did not receive allocated 
    intervention

(n = 60)

(n = 60)

(n = 0)

Patients randomly assigned
(n = 95)

(n = 0)

(n = 0)

(n = 57)

(n = 3)

(n = 35)

(n = 0)

Fig 1. CONSORT diagram.
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Fig 2. Kaplan-Meier plot of overall survival according to FMS-like tyrosine kinase
3 receptor (FLT3) mutation status. All reported deaths that occurred in the
efficacy population after first dose of study drug are included. Censoring (26
patients) took place within a period of 9 months from study completion with a
mean post-treatment follow-up of 41 days (standard deviation, 75).
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for FLT3 inhibition obtained in cell-based assays.13 Although
CGP52421 is believed to induce metabolism of midostaurin and
CGP62221,19 this is not considered to interfere with activity of
midostaurin. The time-dependent kinetics of midostaurin may have
resulted from an induction of CYP3A4 by midostaurin and/or its
metabolites.19 However, a protein binding displacement mechanism
cannot be excluded. The blast response correlated both with
midostaurin plasma levels alone and summed together with its two
major metabolites, corrected for their in vitro potency differences.
Midostaurin plasma concentration declined over time, which could
contribute to disease relapse during drug exposure.20 The pharmaco-
kinetic data will be reported separately in more detail.

DISCUSSION

This study corroborates and expands the results of a 20-patient proof-
of-concept trial of midostaurin treatment in patients with FLT3-
mutant AML.12 An activating mutation of FLT3 appears to contribute
to leukemogenesis in these patients, and also confers a negative prog-
nostic impact. It is therefore significant that the majority of patients
with FLT3-mutant treated with midostaurin responded with reduc-
tions in blast counts. Biologic responses also occurred in patients with
no documented mutation of FLT3, but with a lower frequency com-
pared with the FLT3-mutant population. The responses seen were not
sustained or profound enough to reach a CR status or be associated
with major clinical benefit in the wild-type–FLT3 patient groups.
Nonetheless, this study provides important lessons that may be useful
in the development of FLT3 inhibitors as therapeutic agents in my-
eloid leukemias. First, the drug is relatively well-tolerated at these two
doses. There was no apparent difference in toxicity between patient
groups receiving either 50- or 100-mg orally twice daily. As
midostaurin can inhibit multiple enzyme pathways presumptively

involved in the control of cell proliferation, including c-kit, platelet-
derived growth factor receptor, and protein kinase C,13 there was a
concern that toxicity might be more widespread. In particular, inter-
stitial lung disease has occurred with the epidermal growth factor
kinase inhibitors used in lung cancer,18 and unexplained severe
pulmonary events occurred in the proof-of-concept trial.12 It was
thus reassuring that severe pulmonary toxicity was rare in this
95-patient trial.

Several hypotheses may explain why midostaurin’s effect is
mainly limited to BR in patients with FLT3-mutant and wild-type
with AML. First, there may be alternative pathways that promote
survival even when FLT3 signaling is inhibited. Second, locally elabo-
rated survival signals within the stem-cell niche may operate to protect
leukemia clones.21 Finally, sufficient free drug may not be available
due to a high level of protein binding. Nevertheless, the consistently
high BR in patients with FLT3-mutant AML observed in the proof-of-
concept12 and this study indicate midostaurin may have important
biologic activity in FLT3-mutant AML. As suggested by the higher
response rate in patients who were previously untreated in this trial,
midostaurin might be particularly effective in the newly diagnosed
patient population. This finding is not surprising in light of in vitro
studies which suggest that agents with broader activity, such as

Table 4. Adverse Events

Event�

50 mg Twice
Daily

(n � 49)

100 mg Twice
Daily

(n � 46)
Total

(N � 95)

Grade
1-2

Grade
3-4

Grade
1-2

Grade
3-4

Grade
1-2

Grade
3-4

No. % No. % No. % No. % No. % No. %

Nausea 29 59 1 2 28 61 0 57 60 1 1
Vomiting 24 49 0 22 48 1 2 46 48 1 1
Diarrhea 13 27 2 4 23 50 3 7 36 38 5 5
Fatigue 19 39 1 2 14 30 1 2 33 35 2 2
Pyrexia 13 27 2 4 12 26 5 11 25 26 7 7
Dyspnea 11 22 3 6 9 20 4 9 20 21 7 7
Hypokalemia 13 27 2 4 7 15 2 4 20 21 4 4
Febrile

neutropenia 3 6 9 18 2 4 9 20 5 5 18 19
Pneumonia 8 16 6 12 5 11 3 6 13 14 9 10
Peripheral

edema 10 20 0 9 20 2 4 19 20 2 2
Asthenia 8 16 2 4 8 17 0 16 17 2 2
Constipation 4 8 0 12 26 2 4 16 17 2 2
Cough 10 20 1 2 6 13 1 2 16 17 2 2

�Includes the most frequent adverse events (� 20%) regardless
of attribution.

A

0

M
ed

ia
n 

Co
nc

en
tra

tio
n 

(μ
M

)

Accumalative Study Day (days)

30

25

20

15

5

10

28 56 84 112 168140

B

0

M
ed

ia
n 

Co
nc

en
tra

tio
n 

(μ
M

)

Accumalative Study Day (days)

30

25

20

15

5

10

28 56 84 112 168140

CGP52421
CGP62221
Midostaurin

CGP52421
CGP62221
Midostaurin

Fig 3. Plasma concentrations of midostaurin and metabolites. Median trough
plasma concentration-time profiles of midostaurin and its metabolites, CGP62221
and CGP52421, after oral dose of (A) 50 mg (n � 45) and (B) 100 mg (n � 42)
midostaurin twice a day in patients with wild-type or mutated FMS-like tyrosine
kinase 3 receptor acute myeloid leukemia.
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midostaurin, may have greater clinical utility in newly diagnosed pa-
tients whose blasts tend to be less addicted to FLT3-mediated signaling
than those in relapsed patients.10

Data in support of the importance of FLT3 inhibition in mediat-
ing a response to midostaurin, at least in patients with mutant FLT3
has been previously reported. First, the ability of plasma obtained
from patients on FLT3 inhibitor therapy to inhibit FLT3 autophos-
phorylation (plasma inhibitory activity) in vitro correlates with de-
cline in blasts based on data derived in part from the proof-of
concept12 part of this trial.22 An in vivo pharmacodynamic assessment
of FLT3 inhibition in blasts obtained serially from patients on this trial
was only technically possible in such a small subset of patients that
conclusions were not possible, though in the proof-of concept trial,
downregulation of FLT3 autophosphorylation was observed in some
patients whose blasts declined.12 A successful pharmacodynamic
study and/or a thorough analysis of the correlation between response
and plasma inhibitory activity in both FLT3-mutant and FLT3 wild-
type AML (adjusted for allelic burden which could also play a role in
response) would have been ideal in this trial. Secondly, a responding
patient who subsequently lost his response developed a new FLT3
mutation incapable of binding midostaurin.23 Although we did not
perform expression profiling in this study, AML in certain patients
with FLT3–wild-type may depend on FLT3-mediated signaling as
shown by the presence of an FLT3 activation signature similar to what
is seen in most, but not all, patients with a FLT3 ITD.24 Preclinical
studies documenting a synergistic antileukemia effect of chemothera-
py with FLT3 inhibitors suggests utility in combining these treatments
in clinical studies.25 Final results from a study26 examining the treat-
ment of patients with AML using standard chemotherapy in combi-
nation with midostaurin will soon be available.
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