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Efficacy and toxicity of midostaurin with idarubicin and

cytarabine induction in FLT3-mutated acute myeloid

leukemia

Among patients able to tolerate intensive induction, stan-
dard acute myeloid leukemia (AML) induction therapy is a
regimen commonly referred to as “7+3,” consisting of 7
days of intravenous cytarabine and 3 days of daunorubicin
(DNR) or idarubicin (IDA).! Depending on patients’ genetic
markers, targeted therapies may be added to the 7+3
backbone; in the pivotal trial establishing midostaurin as
part of the standard of care for induction in fms-like tyro-
sine kinase 3 (FLT3)-mutated AML (RATIFY trial?), DNR 60
mg/m? was the anthracycline used. Although dose equiv-
alence of IDA compared to DNR has not been definitively
established, IDA 12 mg/m? is considered equivalent to DNR
90 mg/m?2. DNR 60 mg/m? was the anthracycline dose se-
lected for the RATIFY trial, despite data supporting benefit
of DNR 90 mg/m? over 60 mg/m? in FLT3-internal tandem
duplication (ITD)-mutated AML.>® Few published data exist
assessing efficacy or toxicity of midostaurin in combination
with an IDA-based 7+3 AML induction regimen. This multi-
center, retrospective study assessed efficacy and toxicity
associated with midostaurin and IDA-based 7+3 induction.
Complete remission (CR) was attained in 83 of 114 patients
(73%) receiving midostaurin and IDA-based 7+3 induction.
Event-free survival (EFS) was 11.7 months, and no unex-
pected toxicity signals were noted.

Data regarding the use of midostaurin with IDA-based 7+3
induction are limited. Two small, retrospective studies
examining the use of IDA-based 7+3 with midostaurin re-
ported outcomes similar to those seen with DNR-based
induction. A midostaurin expanded access program of 32
patients given IDA-based 7+3 induction reported higher
rates of diarrhea and hypophosphatemia with IDA and
midostaurin compared to DNR and midostaurin, but rates
of other non-hematologic adverse events were similar,
and rates of hematologic adverse events by induction an-
thracycline were not reported.® A single-center retrospec-
tive review of 20 patients with FLT3-mutated AML given
midostaurin in addition to IDA-based 7+3 induction found
a higher incidence of rash compared with the RATIFY re-
sults, with higher CR rate and shorter duration of neu-
tropenia; however, all patients in this small study received
granulocyte colony-stimulating factor 14 days after start-
ing induction, which likely contributed to the shorter dur-
ation of neutropenia.’

In order to assess the midostaurin/IDA-based 7+3 induc-
tion regimen, we performed a multicenter, retrospective
study of patients who received midostaurin and 7+3 with
IDA as the anthracycline. The primary objective was CR

rate after induction with midostaurin and IDA-based 7+3.
CR was attained if patients met all of the following crite-
ria: less than 5% blasts in the marrow, absence of
extramedullary leukemia, an absolute neutrophil count of
>1,000/uL, a platelet count of 2100,000/uL, and the ab-
sence of blasts in the peripheral blood. The secondary ob-
jective was EFS, defined as time to relapse, mortality, or
failure to achieve CR by day 60. Secondary objectives in-
cluded assessment of hematologic and non-hematologic
toxicities during induction. Adverse events were graded
per CTCAE version 4.03. We performed post hoc analyses
assessing efficacy and toxicity in those patients 60 years
of age and older as those patients would have been ex-
cluded from the RATIFY trial, and sub-group analyses of
EFS stratified by FLT3 and NPM1 mutation status.

At each study institution, a report was generated through
the electronic medical record identifying patients who
initiated IDA-based 7+3 with midostaurin induction ther-
apy for AML between April 1, 2017 and December 31, 2020.
Patients under the age of 18 years, incarcerated patients,
pregnant patients, patients who received midostaurin as
part of a clinical trial, and patients receiving midostaurin
for systemic mastocytosis were excluded. Data collected
from eligible patients’ charts were recorded in a REDCap
database hosted by the University of Utah. At each insti-
tution, research was exempt by the respective Institu-
tional Review Boards and Ethics Committees; written
informed consent was waived due to the retrospective
nature of the study.

In all, 114 patients were included across five academic
centers in the US. Baseline characteristics (Table 1) show a
median age at induction of 56 years (range, 19-74), with 35
patients (31%) 60 years or older. The median duration of
follow-up was 18.1 months (range, 0.5-51.3). Thirty-two pa-
tients (28%) carried FLT3-tyrosine kinase domain, and 87
(76%) carried FLT3-1TD mutations. Eighty-eight patients
(78%) completed a 14-day midostaurin course. Eleven of
114 (9%) received midostaurin dose reduction due to drug-
drug interactions and 2 (1.8%) received dose reduction due
to toxicity. Twenty-four (21%) received growth factor during
induction after day 14. Seventy-nine (69%) of patients pro-
ceeded to consolidation chemotherapy, and midostaurin
was given during consolidation to 74 patients (64.3%), with
14 (12.2%) continuing maintenance midostaurin (Online
Supplementary Figure ST). Seventy-four (64.3%) proceeded
to allogeneic stem cell transplant, and four patients re-
ceived maintenance midostaurin post-transplant.
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Of the 114 patients who underwent induction with mid-
ostaurin and IDA-based 7+3, 83 (72.8%) achieved CR, with
a relatively higher CR rate in the age under 60 years sub-
group (Table 2). Median time to CR was 34 days. Median
duration of neutropenia was 25 days, and median duration
of thrombocytopenia was 27 days (Table 2). Median dur-
ation of follow-up was 18.1 months. Median EFS was 11.7
months (95% confidence interval [CI]: 9.8-24) (Figure 1)
with median EFS of 13.4 months (95% CI: 10.3-not reached
[NR]) in the age under 60 years subgroup and 10.8 months
(95% Cl: 5.1-NR) in the age over 60 years subgroup (Online
Supplementary Figure S2). Censoring for transplant,
median EFS was 9.8 months (95% CI: 7.9-NR). Among the
FLT3-ITD- mutated population, there was a trend toward
improved EFS with mutated NPM7 compared to wild-type,
with median EFS not reached in the NPM7 mutant popu-
lation and 6.9 months in the wild-type population (Online
Supplementary Figure S2).

Table 2 shows rates of grade 3 or higher adverse events
during induction. In both the under the age of 60 years
and over the age 60 years subgroups, IDA-based 7+3 in-
duction with midostaurin appeared to have a similar
toxicity profile to DNR-based 7+3 induction reported in
the RATIFY trial.

This multicenter, retrospective study found an overall CR
rate of 72.8% with use of IDA in 7+3 induction with mid-
ostaurin in patients with FLT3-mutant AML, including pa-
tients 60 years of age or older. The CR rate was 77.2% and
62.9%, in patients younger and older than 60, respectively.
Although a direct comparison to the RATIFY study is not
possible, these rates stand favorably in comparison to the
RATIFY trial, in which a 58.9% CR rate was achieved in pa-

tients younger than 60 years.

The high CR rate observed in this work could in part be
due to the IDA dose of 12 mg/m?; whereas the RATIFY
study used DNR 60 mg/m?2. Previous studies in patients

Table 1. Baseline characteristics and patient disposition.

Baseline characteristics All patients, N=114

Median age at induction in years (range) 56 (19-74)
Female sex, N (%) 53 (46.5)
ECOG performance status, N (%)
0 40 (35.1)
1 50 (43.8)
2 9(7.9)
3 2(1.8)
Not reported 13 (11.4)
FLT3 mutation subtype, N (%)
TKD 32 (28.0)
ITD-high? 19 (16.7)
ITD-low 29 (25.4)
ITD allelic ratio not quantified 39 (34.2)
2017 ELN classification, N (%)
Favorable 17 (14.9)
Intermediate 57 (50.0)
Adverse 38 (33.3)
Unknown 2(1.8)

Median WBC on day 1, x10%/uL (range) 21.3 (0.2-301)
39 (8-247)

1.1 (0-22.2)

Median platelets on day 1, x10%/uL (range)
Median ANC on day 1, x10%/uL (range)

aDefined as FLT3 ITD ratio greater than 0.7. ECOG: Eastern Co-
operative Oncology Goup; TKD: tyrosine kinase domain; ITD: in-
ternal tandem dublication; ELN: European Leukemia Net; WBC:
white blood cell count; ANC: absolute neutrophil count.

Table 2. Complete remission summary and summary of grade 3 or higher adverse events during induction.

All patients

Age <60 years Age 260 years

Protocol-specified CR, N (%)

Did not attain protocol-specified CR, N (%)
Remission assessment data missing, N (%)
Median time to CR in days (range)

Median duration of ANC <500x10%/uL in days (IQR)
Median duration of platelets <100x10%uL in days (IQR)
Adverse events, grade 3 or higher, N (%)
Febrile neutropenia

Other infection

Mucositis

Nausea

Diarrhea

Pneumonitis

N=114 N=79 N=35
83 (72.8) 61 (77.2) 22 (62.9)
28 (24.6) 16 (20.2) 12 (34.2)
3 (2.6) 2 (2.5) 1(2.8)
34 (23-56) 34 (23-66) 35 (24-56)
25 (21-30) 25 (22-31) 25 (21-30)
27 (24-35) 27 (23-35) 28 (26-50)
101 (89) 73 (92) 28 (80)
32 (28) 20 (25) 12 (34)
15 (13) 9 (11) 6 (17)
5 (4) 4 (5) 1(3)
19 (17) 9 (11) 10 (29)
1(1) 0 (0) 1(3)

CR: complete remission; ANC: absolute neutrophil count; IQR: interquartile range.
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Figure 1. Kaplan-Meier curves of event-free survival. (A) Event-free survival in the overall study population and (B) overall study

population censoring at time of transplant. NR: not reached.

with the FLT3-ITD mutation found an overall survival
benefit using high-dose DNR (90 mg/m?) rather than lower
DNR doses (60 or 45 mg/m?)3-® or IDA 12 mg/m?2.2 For pa-
tients with FLT3-mutated AML, high-dose DNR equival-
ence to IDA in combination with midostaurin remains an
open question.

Overall survival was not assessed in this study, due to the
short median follow-up of 18.1 months. However, in a trial-
level analysis of eight randomized studies of intensive
chemotherapy in newly-diagnosed AML, an association
was noted between EFS and overall survival, suggesting
EFS may serve as a valid surrogate endpoint for initial AML
treatment.® A favorable EFS of 11.7 months was observed
across our study population, with a high proportion of pa-
tients who proceeded to transplantation. Between the
younger than 60 years and 60 years and older subgroups,
EFS was comparable, with EFS of 13.4 months and 10.8
months respectively. Subgroup analysis of patients with
FLT3-ITD mutations showed improved EFS with mutated
NPM1 compared to unmutated NPMT.

The toxicity profile of IDA-based 7+3 with midostaurin
was comparable to data reported with DNR-based 7+3 in-
duction. We observed a low rate of grade 3 or higher in-
fection, likely due to high rates of posaconazole or
voriconazole use as antifungal prophylaxis during induc-
tion (87% of patients), with only two patients (1.8%) con-
tracting a fungal infection. Other toxicities noted, such as
those observed with mucositis, diarrhea, and pneumon-
itis were limited by small numbers and the nature of
retrospective chart review.

In conclusion, this study describes the largest series of
FLT3-mutated AML patients treated with midostaurin and
IDA in 7+3 induction. Midostaurin and IDA in 7+3 induction
demonstrated excellent efficacy and a safety profile simi-
lar to that of midostaurin with DNR as the induction an-
thracycline, in both the age below 60 years and the age
of 60 years and older subgroups. Limitations of this work

include the retrospective nature and short follow-up, but
these results suggest IDA 12 mg/m? is a suitable alter-
native anthracycline to DNR 60 mg/m? in 7+3 with mid-
ostaurin in newly-diagnosed FLT3-mutated AML.
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