
FLT3%Inhibitors%in%Acute%Myeloid%
Leukemia
Mutations of the FMS.like tyrosine kinase 3 (FLT3) gene occur in

approximately 30.35% of all acute myeloid leukemia (AML) cases,

with the internal tandem duplication (ITD) representing the most

common type of FLT3 mutation (about 80%). Midostaurin, approved by

the U. S. Food and Drug Administration (FDA) in 2017, was the first

FLT3 inhibitor to improve overall survival in a randomized trial, when

administered in combination with chemotherapy in newly diagnosed

patients with FLT3 (ITD and/or tyrosine kinase domain [TKD]

mutations). Like most first.generation FLT3 inhibitors, midostaurin has

limited single.agent activity in AML. However, next.generation FLT3

inhibitors such as gilteritinib, quizartinib and crenolanib have shown

promising single.agent activity in clinical trials. This will likely be

further improved by developing rational, safe combinations with

standard agents such as azacitidine, induction chemotherapy,

venetoclax and others.

At the MD Anderson Leukemia Department, we focus on developing

novel combinations using next.generation FLT3 inhibitors and

chemotherapy, as there are mounting preclinical and clinical data

showing the synergism between FLT3 inhibitors and conventional

chemotherapeutics, hypomethylating agents (HMAs) and novel drugs

(particularly BCL.2 inhibitors). Below is a list of active clinical trials

available for patients with FLT3.mutated or unmutated AML.

1.1%Triplet%Combinations
1.1.1 Decitabine + Venetoclax + Quizartinib (NCT03661307):
Quizartinib was the first drug developed exclusively as a FLT3 inhibitor.

In contrast to the first.generation FLT3 inhibitors, quizartinib is at least

25.times more potent against FLT3 in plasma assays. In early clinical

trials, patients with FLT3 positive AML treated with single.agent

quizartinib (30 mg or 60 mg daily dose) achieved approximately 50%

composite complete remission (CRc) rates. B.cell Lymphoma 2 (BCL.

2) overexpression has been implicated in the maintenance and survival

of AML cells and has been associated with resistance to

chemotherapeutics. Venetoclax is a potent and selective small.

molecule inhibitor of BCL.2 that has recently been approved by the

FDA for treatment of patients with AML in combination with HMAs.

Although the combination of HMA+venetoclax generates high response

rates, relapses are common and
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response durations may be shorter, especially in FLT37
mutated AML. The resistance to venetoclax is
frequently driven by the upregulation of MCL71 and
BCL7XL. MCL71 has been reported as an essential
effector of FLT37ITD7mediated drug resistance, and a
number of FLT3 inhibitors down7regulate MCL71,
thereby reducing the propensity to resistance to BCL2
inhibitors. Given strong preclinical evidence showing
synergistic activity between venetoclax and quizartinib,
we designed this clinical trial to evaluate the efficacy
and tolerability of quizartinib added to decitabine and
venetoclax in patients with newly diagnosed or
relapsed AML (Phase I/II). Patients receive quizartinib
daily (continuously), decitabine and venetoclax (14 or
21 days). Patients who are eligible for allogeneic stem
cell transplantation may receive transplantation in CR,
and those with no transplant option may continue
therapy up to 12 cycles (or more) unless there is a
significant toxicity or disease progression. Initial
tolerability and efficacy appears encouraging.

1.1.2 Azacitidine + Venetoclax + Gilteritinib
(NCT04140487): Gilteritinib, a next7generation FLT3
inhibitor, has been recently approved by FDA for the
treatment of patients with FLT37mutated AML. This is
the first study of gilteritinib in combination with
azacitidine and venetoclax. Based on the rationale for
concurrent FLT37ITD and BCL72 inhibition in AML, we
are evaluating the clinical efficacy of azacitidine and
venetoclax in combination with gilteritinib in patients
with newly diagnosed or relapsed/ refractory FLT37
mutated disease. In each cycle, patients receive
azacitidine for 7 days, gilteritinib continuously, and
venetoclax 14 or 21 days, depending on response.
ponatinib), we will reduce treatment7related morbidity
and mortality and further increase the cure rate. This
regimen is open to patients of all ages with newly
diagnosed Ph7positive ALL. Ponatinib and
blinatumomab are provided free of charge.

1.2.2 Quizartinib and DS3032b (NCT03552029):
DS3032b (milademetan) is a novel, orally bioavailable
small molecule inhibitor of mouse double minute 2
homolog (MDM2). More than 90% of AML patients
retain wild7type TP53 in the malignant cells, but the p53
protein activity is frequently inhibited by binding of
MDM2, resulting in degradation of p53. Pharmacologic
inhibition of the interaction between MDM2 and wild7
type p53 in tumor cells could restore p53 activity with
subsequent antitumor effects from the p537downstream
genes. Combined treatment of quizartinib and
DS3032b has shown preclinical synergistic
antileukemic activity by targeting 2 distinct cellular
pathways: FLT37ITD signaling pathway and p53
activation pathway. In this Phase I dose7escalation
study, patients receive quizartinib (30760 mg daily) and
DS3032b (907160 mg daily for 7714 days per cycle)
concurrently. Patients with newly diagnosed or
relapsed FLT37ITD mutant AML are eligible. Patients

who have received and are relapsed/refractory to prior
midostaurin, gilteritinib or sorafenib are eligible. Both
drugs are provided free.

1.2.3 Gilteritinib and Azacitidine (NCT02752035):
This is a Phase II/III, open7label, 37arm, randomized
study to compare the efficacy and safety of gilteritinib
plus azacitidine or azacitidine only. Patients with newly
diagnosed FLT37mutated AML are eligible.

1.2.4 Sorafenib and Palbociclib (NCT03132454):
FLT3 mutations confer constitutive growth signaling
that acts through the cyclin7dependent kinase 4/6
(CDK) pathway. Palbociclib is an orally bioavailable,
selective inhibitor of CDK4/6 that has been shown to
trigger cell cycle arrest and tumor growth inhibition in
AML. In this clinical study, patients receive sorafenib
and palbociclib concurrently daily for 28 days per cycle.
This study is accruing patients with relapsed disease.

1.2.5 SEL24/MEN1703 (NCT03008187):
SEL24/MEN1703, a potent PIM and FLT37ITD dual
activity inhibitor, demonstrates significantly broader
activity in AML cell lines and primary AML blasts,
irrespective of FLT3 status. This is a dose selection
and escalation study accruing patients with newly
diagnosed or relapsed AML who are not fit for intensive
chemotherapy. SEL24/MEN1703 is administered orally
once daily for 14 consecutive days over a 217day
treatment cycle.

2.1 Liposomal Cytarabine and Daunorubicin (CPXQ
351) and Quizartinib (NCT04128748): CPX7351 has
been approved by the FDA for treatment of older
patients with secondary AML. Approximately 15% of
this patient population harbors FLT3 mutations, and
CPX7351 alone may not be the best treatment strategy
for these patients. The CPX7351 and quizartinib
protocol enrolls patients (>65 years old) with newly
diagnosed or relapsed AML. Quizartinib is given 14
days during induction, then continuously during
consolidation cycles. Patients who are not candidates
for stem cell transplantation receive single7agent
quizartinib as maintenance up to 12 months.

3.1 Cladribine, Idarubicin, Cytarabine (CLIA) +
Quizartinib (NCT04047641): We have shown that the
addition of cladribine, a purine analogue, to idarubicin
and high7dose cytarabine improved outcomes in AML.
At our institution, CLIA has become the standard
induction and consolidation regimen for patients 65
years old and younger with AML and who are fit for
intensive chemotherapy. In this study, patients also
will start quizartinib daily on day 6 of induction for 14
days. It will be given continuously during consolidation
cycles.

2. Older adults, fit for intensive chemotherapy

3. Younger adults, fit for intensive
chemotherapy
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Upon completion of induction/consolidation cycles,

patients will start maintenance quizartinib for up to 12

months. Patients who are eligible may receive

allogeneic stem cell transplantation in first remission.

3.2 Cladribine, Idarubicin, Cytarabine (CLIA) +
Gilteritinib (NCT02115295): The treatment schedule
and eligibility of this protocol are similar to the CLIA

plus quizartinib protocol discussed in section 3.1. This

study allows both newly diagnosed FLT3Hmutated (ITD

and/or TKD) patients who are candidates for intensive

chemotherapy. Gilteritinib will be given Day 1H14 of

cycle 1 and continuously starting in Cycle 2.

As a specific FLT3 inhibitor, quizartinib was primarily

developed to treat FLT3Hmutated AML. However, early

clinical studies also enrolled patients with FLT3 wildH

type AML. In a Phase II study (Cortes at al. Lancet

Oncology 2018), singleHagent quizartinib induced 36%

and 30% composite CR rates in older (>60 y/o) and

younger (age >18 y/o) adults with AML without a

detectable FLT3 mutation, respectively. These

response rates in patients with FLT3 negative AML

were remarkably higher than those with other singleH

agent FLT3 inhibitors such as midostaurin, sorafenib,

gilteritinib (Borthakur et al Hematologica 2011, Perl et

al Lancet Oncology 2017, Stone et al Blood 2005).

Given these favorable response rates, some of the

above quizartinib combination protocols (CPXH

351/quizartinib and CLIA/quizartinib) are exploring

quizartinib role in patients with FLT3 unmutated AML.

The Leukemia Department welcomes and will facilitate

referrals, and would like to work with you to make novel

therapies available to your patients. For referrals,

please contact any of the Leukemia faculty listed.

4. Use of quizartinib in patients with FLT3 wildJ
type AML
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