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Abstract: FMS-like tyrosine kinase 3 (FLT3) is one of the most frequently mutated genes in acute myeloid leukemia (AML). 
Approximately 30% of the adult cases harbor an internal tandem duplication (FLT3-ITD) and 5–10% a tyrosine kinase domain (TKD) 
amino acid substitution (FLT3-TKD). The treatment paradigm of AML patients harboring FLT3 mutations (30%) has been modified by 
the discovery of tyrosine kinase inhibitors. First- and second-generation inhibitors classify FLT3 inhibitors according to FLT3 
specificity: first-generation FLT3 inhibitors include sorafenib and midostaurin and second-generation inhibitors are represented by 
quizartinib, gilteritinib and crenolanib, among others. Activity of these inhibitors depends on their mechanism of receptor binding 
(active vs inactive conformation) and efficacy against the FLT3-ITD and -TKD mutations (type 1 inhibitors are active both on FLT3- 
ITD and TKD, whereas type 2 inhibitors are active only on FLT3-ITD). The FLT3 inhibitors sorafenib, midostaurin, quizartinib and 
gilteritinib have been tested in monotherapy in several settings including refractory or relapsed AML (R/R AML), post-transplant 
maintenance as well as in combination with intensive chemotherapy (ICT) or non-intensity regimens. The results of published 
randomized studies support the use of sorafenib in a post-transplant setting (SORMAIN trial), midostaurin in combination with ICT 
based (RATIFY trial) and gilteritinib for R/R AML (ADMIRAL trial). Gilteritinib in combination with hypomethylating agent as well 
as quizartinib are not supported by solid randomized trial results for their use in FLT3-mutated AML patients. 
Keywords: tyrosine kinase, resistance, precision medicine, clinical trials, venetoclax

Introduction
Acute myeloid leukemia (AML) is a severe heterogeneous group of neoplastic disorders driven by several molecular 
alterations. Among the most mutated driver genes in AML is FMS-like tyrosine kinase 3 (FLT3). Approximately 30% of 
the adult AML cases harbor an internal tandem duplication (FLT3-ITD) and 5–10% a tyrosine kinase domain (TKD) 
amino acid substitution (FLT3-TKD).1–3 Current treatment cures only a minority of AML patients and less than 20% 
have a long-term survival. Therapeutic approaches depend on disease subtype and patient’s age, general status, and 
comorbidities. Intensive cytotoxic therapy (ICT) induction, based on the combination of anthracycline and cytarabine, is 
given to the youngest patients (<75 years old) followed by cytarabine consolidations and/or allogeneic stem-cell 
transplantation (ASCT).3,4 Since 2020, older or unfit patients are treated by a non-intensive approach combining the 
hypomethylating agent azacitidine and the B-cell lymphoma 2 (BCL2) inhibitor venetoclax given orally until progres-
sion. This regimen is associated with approximately 65% overall response rate (ORR) including ≈35% complete response 
(CR) and about 15 months overall survival (OS).5

Although the impact of FLT3-ITD mutation is unclear in the context of venetoclax–azacitidine treatment,6 the 
negative impact of FLT3-ITD on survival of AML patients treated with ICT is well established.1,7–9 In the 2017 
European Leukemia network (ELN) classification, prognosis of FLT3-ITD mutation on the survival of AML patients 
was dependent on the co-occurrence of the nucleophosmin 1 gene mutation (NPM1mut) and the FLT3-ITD mutation 
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burden.9 In the recently refined ELN 2022 classification, the prognostic impact of FLT3-ITD mutation is independent of 
other co-occurring mutations as well as mutation burden and is globally associated with an intermediate risk.4 Despite the 
recent achievements in managing AML patients, the one-fits-all approach is currently challenged by the emergence of 
targeted therapies. Recently, two new classes of drugs have emerged for selected patients harboring IDH1/2 or FLT3 
mutations, the IDH and the FLT3 inhibitors, respectively.10–12 In this review, we will discuss the emerging evidence and 
safety profiles of the main FLT3 inhibitors that are currently used in clinics or under evaluation in clinical trials.

The results of published randomized studies support the use of sorafenib in a post-transplant setting based on 
SORMAIN trial, midostaurin in combination with ICT in newly diagnosed (ND) AML based on RATIFY trial and 
gilteritinib monotherapy for relapsed or refractory (R/R) AML based on ADMIRAL trial. Despite these major advances, 
several crucial questions remain open. Is there a place for second-generation inhibitors in combination with ICT for 
patients with ND AML? What is the clinical effect and the safety of combinations of FLT3 inhibitors with non-intensive 
treatment in particular venetoclax-based regimen in elderly patients ineligible for intensive chemotherapy? What is the 
best option to tackle relapsed or refractory disease previously treated with FLT3 inhibitors?

Background
FLT3 Mutations
FLT3 belongs to the receptor tyrosine kinase (RTK) family that plays a major role in the regulation of hematopoiesis. FLT3 
protein is characterized by the presence of five immunoglobulin-like motifs within their extracellular part that are exclusively 
expressed in hematopoietic cells. In normal physiology, FLT3 ligand (FLT3L) binding to the extracellular domain induces the 
dimerization of the receptor and the activation of intracellular signaling pathways such as PI3K/AKT or ERK/MAPK 
responsible for survival, maturation, and proliferation of hematopoietic cells.2,13,14 Early reports demonstrated an over-
expression of FLT3 mRNA in AML and acute B-cell (but not T-cell) leukemia as well as an overexpression of FLT3-L.15,16 

However, a breakthrough in our understanding of AML pathophysiology came from the discovery of FLT3 gene mutations 
located on chromosome 13q12. FLT3-ITD is located within the juxtamembrane (JM) and the TKD and leads to a disrupted 
JM domain crucial for kinase autoinhibition.17,18 FLT3-ITD produces receptors with a constitutive tyrosine kinase activity 
due to homodimerization or heterodimerization with the normal FLT3 receptors.19 The most common amino acid substitution 
within the activation loop of the TKD is an aspartic acid substitution with tyrosine or histidine at residue 835 (D835).20 Other 
point mutations in the TKD are situated within the activation loop (eg, residues I836, and Y842) of the TKD21,21 and, to 
a lesser extent, within the TKD1 (eg, residues N676 and F691).22,23 Rarer point mutations and smaller insertions/deletions 
have also been identified within the TKD and other domains (extracellular and JM domains).21,24–26 All these point mutations 
result in loss of auto-inhibition and constitutive activation of downstream proliferative signaling cascades (Figure 1).

FLT3 Inhibitors
Given the prevalence and poor prognosis of FLT3-ITD-mutated AML, targeting FLT3 signaling through small molecule 
inhibitors is a promising therapeutic strategy. Multiple small-molecule tyrosine kinase inhibitors that target FLT3 are in 
development for the treatment of patients with AML. First generation of inhibitors having multi-kinase target activity 
includes lestaurtinib (CEP-701), sunitinib (SU11248), midostaurin (PKC412), and sorafenib (BAY43-9006). These multi- 
kinase inhibitors have antileukemic effects through the broad inhibition of FLT3 and other pathways but also have 
multiple off-target effects that increase toxicities. Second-generation FLT3 inhibitors with higher selectivity and 
inhibitory activity include gilteritinib (ASP2215), quizartinib (AC220), and crenolanib (CP868596). These drugs have 
greater clinical potential and fewer off-target effects. FLT3 inhibitors are classified into the first or second type according 
to the binding mode to FLT3 (Figure 1). Type 1 inhibitors, which include midostaurin, gilteritinib, lestaurtinib, and 
crenolanib, bind the FLT3 receptor in the active conformation near the activation loop or the ATP binding domain. Type 
1 inhibitors have the capacity of inhibiting both FLT3-ITD and FLT3-TKD. On the other hand, type 2 inhibitors, 
including quizartinib and sorafenib bind FLT3 receptor in the inactive conformation in a region adjacent to the ATP- 
binding domain. As these mutations modify the active kinase conformation of FLT3, type 2 inhibitors are inactive against 
most FLT3-TKD mutations27 (Figure 1).
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First-Generation FLT3 Inhibitors
Sorafenib
One of the most studied FLT3 inhibitors is sorafenib, a type 2 inhibitor targeting multiple serine/threonine and RTK 
including vascular endothelial growth factor (VEGF) receptor 2, FMS-like tyrosine kinase 3 (FLT3), platelet-derived 
growth factor (PDGF) receptor, and fibroblast growth factor receptor-1 (FGFR1).28

Monotherapy
Relapsed or Refractory AML 
Sorafenib was first evaluated in monotherapy in a Phase 1 study including R/R AML, acute lymphoblastic leukemia, 
myelodysplastic syndromes (MDS), chronic myelomonocytic leukemia (CMML) or chronic myeloid leukemia in blastic 
phase.29 Sorafenib was given at 200 mg in two distinct schedules. In schedule “A”, sorafenib was given once or twice daily, 5 
days per week, every week for a 21-day cycle, whereas in schedule “B”, the treatment was administered once or twice daily, for 
14 days every 21 days. Schedule A was favored first for expansion at maximal tolerated dose (MTD). The study included 50 
patients with a median age of 61 years. Twenty-eight (56%) patients had FLT3-ITD only, 5 (10%) had FLT3-TKD D835 only, 
and 6 (12%) had both mutations. Three (6%) patients had received other prior FLT3 inhibitors (AC220=2, KW 2449=1) and 8 
(16%) had prior hematopoietic stem cell transplant (HSCT). Five patients out of the 50 responded (10%), including 3 CR and 2 
CR with incomplete platelet recovery (CRp). In addition, 3 patients (all FLT3-ITD) had morphologic leukemia-free state 
(MLFS). Toxicity was mainly gastrointestinal (GI) and cutaneous including nausea/vomiting (44%) and diarrhea (36%), grade 
1–2 skin rash (24%) and grade 1–2 hand-foot syndrome (10%).

Post-Transplant Setting 
Given its broad spectrum of kinase inhibition, sorafenib was evaluated in post-transplant setting in a randomized Phase 2 
and a Phase 3 study.
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Figure 1 Structure of FLT3 receptor in active and inactive conformations, type of mutations and spectrum of activity of the main FLT3 inhibitors. In normal physiology, FLT3l 
binds to FLT3 receptors that dimerize and activate downstream signaling. Type 1 FLT3 inhibitors are active on FLT3 both on the active and inactive conformations while type 
2 inhibitors bind the receptor only in the inactive conformation. Because of this affinity, type 1 inhibitors act on both FLT3-ITD and FLT3 point mutations located on TKD 
whereas type 2 act only on FLT3-ITD. First-generation inhibitors are highlighted in orange and second-generation inhibitors are highlighted in red. Main TKD mutations are 
listed. 
Abbreviation: FT3L, FLT3 ligand.
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Randomized Phase 2 Study. The randomized phase 2 trial SORMAIN included patients with a FLT3-ITD in CR at 
enrollment after ASCT performed as part of upfront therapy or in the context of R/R AML.30 Patients were randomized 
to receive either sorafenib at escalated from 400 to 800 mg per day, or placebo. Treatment started between day-60 
and day-100 after ASCT and was given continuously for 24 months or until the occurrence of relapse or intolerable 
toxicity. Between October 2010 and May 2016, 83 patients were enrolled in the study, 43 received sorafenib and 40 
received placebo. Median age was 40 years, 71% of the patients were transplanted in first CR (CR1). The study was 
prematurely stopped because of slow recruitment rate. At the time of data entry, median relapse-free survival (RFS) was 
not reached in the sorafenib arm and 30.9 months in the placebo arm. The hazard ratio for relapse or death was 0.39 
(p=0.013) in the sorafenib group compared with placebo. There was no difference in OS at the time of data entry after 
a median follow-up of 55 months. Only nine patients were treated upfront with TKI (midostaurin) plus chemotherapy as 
part of the induction phase. Hence, it is unclear to which extent results apply also to patients undergoing midostaurin. 
There were more acute or chronic GVHD in the sorafenib group (76.8%) than in the placebo group (59.8%). The other 
common grade ≥3 adverse events (AE) occurring in ≥10% of sorafenib-treated patients were infections (26.2%), GI 
toxicity (14.3%), electrolyte alterations (14.3%) and skin toxicity (15.4%).
Phase 3 Study. A phase 3 study (NCT02474290) included FLT3-ITD 18–60-year-old patients, transplanted in CR1 after 
a myeloablative regimen. Patients were randomly assigned to sorafenib or no treatment in a 1:1 manner.31 Sorafenib 
maintenance 400 mg twice a day was started between day-30 to day-60 after ASCT and was continued until day-180. 
Between June 20, 2015, and July 21, 2018, 100 patients were allocated to sorafenib maintenance and 102 to control (no 
maintenance). Median age was 35, 25–29% harbored NPM1mut and 80% were in the intermediate cytogenetics group. 
Eleven patients in the sorafenib group and 32 in the control group relapsed. The primary endpoint was 1-year cumulative 
incidence of relapse (CIR). CIR was 7% in the SOR group and 24.5% in the control group (HR:0.25, p=0.001). Two-year 
OS and event-free survival (EFS) were 81% versus 68% (p=0.012) and 79% versus 57% (p<0.001) in the sorafenib and 
control groups, respectively. The most frequent reasons for dose reduction were acute graft-versus-host disease (GVHD) 
(41%), hematological adverse events (25%) and skin toxicity (11%). The most common grade 3/4 adverse events were 
infections (≈25%), acute GVHD (≈22%), chronic GVHD (≈18%) well balanced in the two groups. Hematological 
toxicity was more frequent in the sorafenib group (15%) than in the control (7%). A subsequent comprehensive 
preclinical study demonstrated that sorafenib increased the IL-15 production by FLT3-ITD leukemic cells leading to 
the potentiation of the allogeneic CD8+ T cell response and disease eradication in preclinical models.32

Combination with ICT
Sorafenib was also evaluated in combination with ICT in a phase 1–2 as well as in several randomized phase 2 and phase 
3 trials.

Phase 1–2 Study 
Phase 1–2 study included 18–65-year-old ND AML patients. Intensive treatment was conventional 7+3 regimen. 
Sorafenib was given at 800 mg/day from day-1 to day-7 during induction and at 800 mg/d for 28 days during 
consolidations followed by a one-year maintenance. Between 1 February 2008 and 31 March 2010, 62 patients with 
a median age of 53 years were included. Twenty-three patients had FLT3 mutations, including 17 with FLT3-ITD (10 
with low mutation burden), 4 with D835 mutation and 2 with both mutations. Seventy-nine percent of the patients have 
achieved a CR, including 95% of the patients with FLT3-ITD. With a median follow-up of 52 months (range, 2.3–62.9 
months), the OS and RFS were 29 and 13.8 months, respectively. Grade ≥3 adverse events possibly related to sorafenib 
during induction included hyperbilirubinemia in four patients, elevated transaminases (five), diarrhea (four), rash (two), 
pancreatitis (one), colitis (one), pericarditis (one), hand and foot syndrome (two), and elevated creatinine.33,34

Randomized Phase 2 Studies 
A first randomized phase 2 trial included 18–60-year-old patients with ND AML irrespective of the FLT3 mutational 
status.35 Patients received 400 mg sorafenib or placebo twice daily from day-10 to day-19 in combination with one or 
two cycles of 7+3 induction chemotherapy. During consolidations cycles, sorafenib or placebo was given from day-8 
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until 3 days before the next consolidation cycle. At maintenance, 400 mg sorafenib twice daily or placebo was 
administered continuously for 12 months after the last consolidation cycle. Between 27 March 2009 and 
28 November 2011, 134 patients received sorafenib and 133 received placebo. Median age was 50 years, 46 (17%) 
patients had FLT3-internal tandem duplication (ITD)-positive AML, and 7% had FLT3-TKD. Response rate was 
equivalent between the 2 arms (≈60%). Median event-free survival was 21 months in the sorafenib group compared 
with 9 months in the placebo group. There was no difference for OS. A recent actualization showed that the 5-year EFS 
in the 2 arms were 41% and 27% (HR=0.60, p=0.011).36 Patients benefit from sorafenib was higher in the subgroup of 
FLT3-ITD AML (HR =0.55) than FLT3wt patients (HR=0.71). The most frequent grade 3/4 adverse events in the 
sorafenib group were fever (54%), infection (35%), diarrhea (11%), cardiac events (7%), rash (7%) and hand-foot skin 
reaction (7%).

A second randomized phase 2 trial sponsored by the Australasian Leukaemia and Lymphoma Group (ALLG) was 
reported at ASH meeting in 2020. Patients were aged 18–65 years and ND FLT3-ITD positive (allelic ratio (AR) ≥0.05) 
AML. Patients were randomized in a 2:1 manner to sorafenib or placebo 400 mg twice a day on days 4–10 of induction 
and each consolidation cycle. Maintenance was 400 mg twice a day on days 1–28 for 12 cycles. Between Jan 2013-May 
2018, 99 patients were allocated to induction with either sorafenib (n=65) or placebo (n=33). The CR + CR with 
incomplete hematologic recovery (CRi) was 91% in the sorafenib arm (CR 80%, CRi 11%) and 94% in the placebo arm 
(CR 70%, CRi 24%). With a median overall follow-up of 25 months, there was no significant difference in or OS. The 
frequency of grade 3–4 adverse events (AEs) was similar between the two arms, apart from palmar-plantar rash, reported 
as drug-related in 15.4% and 6.1% pts in the sorafenib and placebo arms, respectively.37

Phase 3 Study 
Finally, a phase 3 trial (NCT00373373) reported the results of sorafenib in combination with ICT in older patients.38 ND 
AML patients >60 years were enrolled in the study irrespective of FLT3 mutational status. Patients received either 
sorafenib 400 mg or placebo from day 3 after the end of induction and/or consolidation chemotherapy until 3 days before 
the first day of the next chemotherapy course. Sorafenib 400 mg or placebo maintenance was given to all patients in CR 
after consolidation during 1 year after start of induction therapy. One hundred and two patients were randomly assigned 
to the sorafenib arm, and 95 were assigned to the placebo (control) arm. Median age was 68 years, and 14% of the 
patients had FLT3-ITD and 20% had adverse cytogenetics. This trial failed to reach its primary end point as intent-to- 
treat analysis showed no difference in the EFS between both groups (median EFS, 7 months for placebo vs 5 months for 
sorafenib). Median OS was 15 months for placebo vs 13 months for sorafenib. In the subgroup of patients with FLT3- 
ITD–positive AML, authors did not observe significant differences in response or survival rates but they found an excess 
of toxicity in the sorafenib arm, in particular more grade >3 infections and more early death due to combined infection 
(15 versus 4 patients, p=0.035). This led to more treatment discontinuation in the sorafenib arm than in the placebo arm, 
possibly explaining the negative results.

Combination with Non-Intensive Regimen
Sorafenib was evaluated with non-intensive treatment in two phase 2 studies. One included younger patients >18 years 
old relapsing or refractory after ICT or >60 years old patient non candidate for ICT.39 Sorafenib was given at 400 mg 
BID continuously from day-1 of each cycle concomitantly with azacitidine. Between January 2011 and September 2012, 
a total of 43 patients with AML were included with a median age of 64 years. FLT-3-ITD was detected prior to the 
initiation of treatment in 40 of 43 (93%) patients. Among the 37 evaluable patients, 6 had no prior therapy, 12 were 
primarily refractory to their previous induction regimen, and 19 had relapsed after prior therapy. Nine patients had failed 
prior therapy with FLT3 kinase inhibitors (5 with quizartinib, 1 with midostaurin), 3 had failed 2 prior FLT3 inhibitors. 
Response rate was 16% CR, 27% CRi, 3% partial response (PR). The median duration of response was 2.3 months. 
Median OS was 6.2 months. The most common grade ≥3 adverse events were thrombocytopenia, neutropenia, anemia, 
and neutropenia with fever or infection.

The second study reported the results of ND AML patients ≥60 years included in the NCT02196857 and 
NCT01254890 trials.40 The presence of the FLT3-ITD mutation was not a necessary inclusion criterion on the 
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NCT01254890; however, the NCT02196857 required ≥10% FLT3-ITD burden. Treatment consisted in azacitidine 75 mg/ 
m2 daily × 7 days and sorafenib 400 mg twice daily. The study included 27 patients with untreated AML (median age of 
74 years). FLT3-ITD was present in 100% of the patients. The overall response rate (ORR) in the 27 evaluable patients 
was 78% (26% CR, 45% CRi/CRp, and 2 7% PR). The OS was 8.3 months for the entire group and 9.2 months for the 19 
responders. The median duration of CR/CRp/CRi was 14.5 months. The most common grade 1/grade 2 AEs were 
hyperbilirubinemia (22%), diarrhea (22%), fatigue (22%), and nausea (19%). Among the grade 3/4 AEs, infections 
(26%) and neutropenic fever (26%) were the most common.

Taken together, these results support the utilization of sorafenib in a post-transplant setting. Main side-effects 
included GI and skin toxicities and liver enzymes elevation. Combination with chemotherapy or non-intensive treatment 
is not encouraged by the results of the clinical studies.

Midostaurin
Midostaurin is a type 1 FLT3 inhibitor acting both on FLT3-ITD and FLT3-TKD and having an activity against multiple 
tyrosine kinase receptors including PKC-α, FLT3, c-KIT, VEGFR, and PDGFR.41

Monotherapy
Relapsed or Refractory AML 

Phase 2 Study. The first phase 2 proof-of-concept study included advanced MDS or R/R AML with ITD mutation or 
a D835Y TKD mutation.42 Midostaurin was given at a dose of 75 mg orally 3 times a day until toxicity or progression. 
Twenty patients (18 ITD, 2 D835Y) were enrolled including 19 AML and 1 MDS with a median age of 62 years CR rate 
was 0% and one patient had a PR. Fourteen patients (70%) achieved greater than a 50% reduction in the peripheral blast 
count and 6 patients achieved a more than 50% blast count in the bone marrow. Two patients were removed from the 
study on day 74 and day 99 to undergo HSCT after having had significant clinical benefit. Main side-effects was GI 
(grade 1/2 nausea/vomiting, anorexia or diarrhea). Grade 3 hyperbilirubinemia was seen in 1 patient. Three patients had 
a pulmonary fatal grade 5 events with unclear relation with the drug.
Randomized Phase 2 Study. In an open-label, randomized, Phase II study, midostaurin monotherapy was tested in patients with 
AML/high-risk MDS with either wild-type or mutated FLT3.43 Patients had to have an R/R AML ineligible to standard 
chemotherapy or HR-MDS/CMML with FLT3 status available and no previous treatment with FLT3 inhibitors. Patients were 
randomly assigned to receive midostaurin by continuous oral twice-daily doses of 50 or 100 mg. Ninety-five patients were 
enrolled including 85 with AML. Thirty-five patients harbored a FLT3 mutations, including 26 ITD. Sixty-one patients were more 
than 65 years old. Only one patient experienced PR but blast reductions were frequently observed, occurring in 71% of the patients 
with FLT3-mutant and 42% of the patients with wild-type FLT3. Blasts reduction (reaching >50%) occurred at a median of 29 
days. Median time to treatment failure was estimated at 50 days. Median OS was 130 days. Most common grade 1/2 event was GI: 
nausea (60%), vomiting (48%), diarrhea (38%) and constipation 17%). Most common grade 3/4 events were oedema (20%), 
febrile neutropenia (18%) and pneumonia (10%).

Post-Transplant Setting 
The randomized open-label phase 2 trial RADIUS (NCT01883362) included patients (aged 18–70 years) with docu-
mented FLT3-ITD AML who had undergone an ASCT in CR1.44 Patients were randomized 1:1 within 28 to 60 days after 
ASCT to receive midostaurin (50 mg twice daily in twelve 4-week cycles) or not. Between February 5, 2014, and 
June 13, 2016, 74 patients were screened, and 60 patients (30 per arm) were randomized. The estimated RFS at 18 
months (95% CI) was 89% (69–96%) with midostaurin and 76% (54–88%) with standard of care alone (HR, 0.46, P = 
0.27). Most AEs in both arms were grade 1/2. The most common AEs in the midostaurin arm were low-grade 
gastrointestinal toxicity.

Combination with ICT
Phase 1 Study 
The first study reporting the results of midostaurin combined with ICT included 18–60 years old patients with non-previously 
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treated AML. Two treatment schedules were initially planned, a continuous one (starting at day-1) and a sequential one 
(starting at day-8). Initial dose was 100 mg twice daily. Because of toxicity of the 100 mg BID, the regimen was decreased to 
50 mg twice daily for 14 days either continuously (day 1–14) or sequentially (day 1–8 and day 15–22). The chemotherapy 
regimen consisted of one or two inductions with 7+3 regimen and high-dose cytarabine consolidations in which midostaurin 
was given according to the schedule assigned during induction. Sixty-nine patients were enrolled, 29 received 100 mg twice 
daily, 50 mg twice daily. Patients had a median age of 50 years, 27 patients out of 40 harbored FLT3-ITD, 23% had adverse 
cytogenetics. The overall CR rate was 80% (92% in the FLT3-ITD group, vs 74% in the FLT3wt group). The schedule 
(sequential vs continuous) did not affect the response rate. One-year OS was 85% and 2-years OS was 62% in patients with 
FLT3-mutant AML, compared with 78% and 52%, respectively, in patients with FLT3–wild-type AML. In the 100 mg BID 
cohort, the discontinuation rate was high (23/29) mainly due to grade 3/4 GI AE, whereas the midostaurin was generally well 
tolerated in combination with chemotherapy at the 50 mg twice-daily dose. Higher rate of discontinuation was noted in the 
concomitant (55%) compared with the sequential (35%) schedule but overall, the toxicity reported was similar in the two 
schedules. Side-effects were mainly GI toxicity including nausea (83%), diarrhea (68%) and vomiting (65%). Grade 1–2 liver 
enzymes increases were seen in about 20% of the patients.

Phase 2 Study 
The AMLSG 16–10 study compared 18–70-year-old AML patients with FLT3-ITD with historical cohorts of AML 
patients with FLT3-ITD included in 5 previous AMLSG trials recruiting between 1993 and 2008 at the same centers.45 

All patients received 1 or 2 induction cycles according to the 7+3 scheme followed by high or intermediate doses of 
aracytine consolidations combined with midostaurin administered orally 50 mg twice daily, starting on day 8, until 48 
hours before the start of the subsequent chemotherapy cycle or conditioning before ASCT. Midostaurin maintenance was 
given orally in a dose of 50 mg twice daily for 12 months. Between June 2012 and May 2016, a first cohort of 142 
patients was included. To better define the effect of midostaurin in older patients and the relative value of ASCT in the 
first CR, the study was amended to include a second cohort of 142 patients. Two hundred and eighty-four patients were 
analyzed in the study. Median age was 54 years, and198 patients were less than 60 and 86 between 61 and 70 years old. 
Almost 72% had intermediate cytogenetics, 58% were also NPM1mut, 53% had a FLT3 allelic ratio ≥0.5. After 
induction, 76.4% patients achieved a CR/CRi, 51 (18%) had refractory disease, and 16 (5.6%) died during induction 
therapy comparable in young and older patients. ASCT was performed in 134 patients. Maintenance therapy was started 
in 97 (34%) of 284 patients. Median EFS and OS were 13.2 and 26.0 months, respectively. The comparison of EFS in the 
AMLSG 16–10 study and the historical controls revealed a significant risk reduction for an event in the midostaurin 
cohort. During induction, the most common adverse events irrespective of the attribution were infection (59%), febrile 
neutropenia (35%) and gastrointestinal events (25%). Cardiac adverse events were found in 13% of the cases with 6% 
cardiac arrhythmia and 9% pulmonary events. Cardiac events were more common in older compared with younger 
patients (22% versus 6%, p=0.004). The most frequent adverse events during maintenance phase were GI toxicity (70%, 
significantly more frequent after ASCT (80 vs 36%; p=0.0001) followed by infections (51%) and hematological toxicities 
(46%). Cardiac arrhythmia occurred in 5% of the patients during maintenance phase.

Phase 3 Study 
The CALGB 10603 (RATIFY) trial included 18–59-year-old patients with ND AML with FLT3 mutations.46 Induction 
therapy consisted in 7+3. Midostaurin or placebo was administered in a double-blind fashion, at a dose of 50 mg orally twice 
daily, on day-8 to day-21 during induction and HDAC consolidations. In maintenance phase, patients received midostaurin or 
placebo, administered at a dose of 50 mg orally twice daily, for twelve 28-day cycles. From May 2008 through October 2011, 
a total of 3277 patients were preregistered for the trial, 896 had an FLT3 mutation and 717 were enrolled in the trial, 360 were 
randomized in the Midostaurin group and 357 in the placebo arm. Median age was 47.9 years, 22.6% had a FLT3-TKD 
mutation, 77.4% a FLT3-ITD; 47.6% had a low FLT3-ITD allelic ratio (0.05–0.7) and 29.8% a high FLT3-ITD allelic ratio 
(>0.7). Median duration of trial treatment was 3 months. The primary endpoint was median OS which was 74.5 months in the 
midostaurin group versus 25.6 months. The hazard ratio for death was 0.78 in the midostaurin group (one-sided 
p value=0.009). The 4-year OS was 51.4 versus 44.3%, and the 4-year EFS was 28.2% in the midostaurin group and 
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20.6% in the placebo. The benefit of midostaurin with respect to EFS was consistent across the FLT3 subtypes. Patients 
harboring NPM1 and Wilms-tumor 1 (WT1) mutations seem to have to higher benefit of midostaurin addition to ICT.47 The 
rate of grade 3, 4, or 5 anemia was higher in the midostaurin group than in the placebo group (92.7% vs 87.8%, P = 0.03), as 
was the rate of grade 3, 4, or 5 rash (14.1% vs 7.6%, P = 0.008). Hematological toxicity was the same in the two groups as well 
as the infection rate (82%) or GI toxicity. Liver enzyme elevation was around 10% in the two groups.

Combination with Hypomethylating Agents
A single-institution study from the MD Anderson phase 1–2 included patients 18 years or older with MDS or AML ineligible 
to receive standard therapy or with R/R AML regardless of the FLT3 mutational status.48 Midostaurin was administered twice 
daily for 14 days on each azacitidine cycles (Days 8–21). After the first 23 patients were enrolled, protocol amendment 
allowed continuous administration of midostaurin unless there were adverse events. The target dose was 50 mg BID. The 
cycles were repeated every 4 weeks, up to a maximum of 12 cycles. Fifty-four patients were enrolled in this study, 14 in the 
phase 1 and 40 in the phase 2; 95% of the patients had AML and 5% MDS. FLT3 mutation was FLT3-ITD alone in 68%, with 
a median ITD ratio of 0.35 and 6% with associated FLT3-TKD D835. The rest of the patients had no FLT3 mutations. Forty- 
three percent of patients had been previously exposed to a hypomethylating agent, including either azacitidine (n=9) or 
decitabine (n=11) or both (n=3), and 24% had previously received another FLT3 inhibitor (sorafenib in 10 patients and 
quizartinib in 3 patients). ORR was 26%, one (2%) patient achieved a CR, 6 (11%) achieved a CRi, 6 (11%) a MLFS, and 1 
(2%) patient a PR. Forty (74%) patients were primary refractory to therapy. Toxicity was consistent with other studies with 
56% grade 3/4 infections, 11% grade 3/4 decrease in left ventricular fraction and common GI toxicities.

Drug approval of midostaurin in combination with ICT in younger and older patients is based on the results of phase 2 
and phase 3 RATIFY, showing a gain in disease control and a tolerable side-effects profile. Special attention must be 
given to cardiac safety for older patients receiving midostaurin in combination with ICT.

Second-Generation TKI
Quizartinib
Quizartinib was the first drug specifically developed as a potent selective FLT3 inhibitor for AML. The drug shows high 
selectivity at low concentrations that is almost entirely limited to FLT3, KIT, colony-stimulating factor-1 receptor, 
platelet-derived growth factor receptor, and RET kinase.49

Monotherapy
Phase 1 Study 
Dose-escalation phase 1 study included patients aged ≥18 years with R/R AML, or not a candidate for standard chemotherapy 
because of age, comorbidity, or other factors.50 Fifty-one patients received quizartinib on an intermittent schedule (at daily 
doses of 12 to 450 mg) and 25 on a continuous schedule (200 to 300 mg daily). The median age was 60 years. Responses were 
observed in 23 (30%) of 76 patients (13% CR/CRi, 17% PR). Nine (53%) of 17 FLT3-ITD–positive patients responded. 
Median response duration was 13 weeks, and median overall survival was 14 weeks. The most frequent treatment-related AEs 
(observed in >5 patients) were ≤ grade 2 and included nausea (16%), corrected QT interval (QTc) prolongation (12%), 
dysgeusia (11%), and vomiting (11%). The dose limiting toxicity (DLT) was grade 3 QTc prolongation.

Phase 2 Study 
Phase 2 enrolled elderly patients (>60) with or without FLT3-ITD mutations who relapsed within 1 year after first-line 
ICT or were primary refractory to first-line treatment (cohort 1) and those 18 years or older who were refractory to or 
relapsed after salvage ICT or after ASCT (cohort 2).51 Quizartinib was given continuously once daily. Seventeen patients 
initially received 200 mg per day of quizartinib (ie, the maximum tolerated dose in the phase 1 study). Therefore, the 
protocol was subsequently amended on April 20, 2010, to starting doses of 135 mg per day for men and 90 mg per day 
for women in all other patients given previous observations of a greater susceptibility to QTc prolongation in women 
compared with men. Between November 19, 2009 and October 31, 2011, 333 patients: 157 in cohort 1 and 176 in cohort 
2 were enrolled. Median ages were 69 years and 51 years in the two cohorts. Seventy-one percent and 77% of the patients 

https://doi.org/10.2147/OTT.S236740                                                                                                                                                                                                                                  

DovePress                                                                                                                                                            

OncoTargets and Therapy 2023:16 38

Garciaz and Hospital                                                                                                                                                Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


had FLT3-ITD in the two cohorts. In cohort 1, the proportion of FLT3-ITD-positive patients who achieved composite CR 
was 56% including 3% CR, 4% CRp and 50% CR with partial hematologic reconstitution (CRh). Twenty-one percent 
had PR. In cohort 2, the proportion of FLT3-ITD-positive patients who achieved composite CR was 46% including 4% 
CR, 1% CRp and 40% CRh. Twenty-nine percent had PR. Responses were also seen in the FLT3wt group (approximately 
30% of composite CR). Median OS of FLT3-ITD-positive patients was consistent across both cohorts (25.4 weeks in 
cohort 1 and 24 weeks in cohort 2). The main treatment-emergent adverse events were nausea (39%) Qtc elongation 
(29%, 19% grade 1–2 and 10% grade 3). Febrile neutropenia was seen in 23% of the patients.

Phase 3 Study 
The phase 3 QUANTUM-R trial included patients >18 years with FLT3-ITD R/R AML. Patients were randomly assigned 
(2:1) to receive single agent quizartinib or the investigator’s choice of one of three preselected salvage chemotherapy 
regimens.52 Thirty milligram dose of quizartinib given orally once daily was increased to 60 mg in case of the absence of 
QTc prolongation. Patients receiving concurrent strong CYP3A inhibitors had a reduced starting dose of 20 mg 
quizartinib once daily which was increased to 30 mg once daily if the same QTc interval criteria were met. Between 
2014 and 2017, 367 patients were enrolled, of whom 245 were allocated to quizartinib and 122 to salvage chemotherapy, 
median age was 55 and 57 years, respectively. Thirty-three percent of the patients had primary refractory AML, 47% 
a NPM1mut, more than a third of patients in each group had at least 0.5 FLT3-ITD variant allele frequency. Median OS 
was 6.2 months for quizartinib and 4.7 months for chemotherapy (hazard ratio 0.76, p=0·02). Main side-effects were 
febrile neutropenia (33%) and QTc prolongation 26% (22% grade 1–2).

Combination with Intensive Chemotherapy
Phase 1 Study 
Patients aged between 18 and 60 years with previously untreated AML were eligible in the phase 1 study.53 The first dose level 
tested (DL1) was quizartinib 60 mg/d administered on day-4 to day-10 10 of induction therapy. A total of 19 patients were 
enrolled between November 2011 and July 2013. Median age was 43 years, nine patients (47%) were positive for FLT3-ITD 
mutation. DLT were observed in 2 of 6 patients in the DL2 cohort. Therefore, dose was reduced to DL-1 (quizartinib 40 mg/d 
administered on days 4 through 17 of induction) where only 1 patient had a DLT (grade 3 pericarditis). DL-1 was identified as 
the MTD. Sixteen patients (84%) achieved a response to therapy. Fourteen patients (74%) achieved CRc (9 CR, 2 CRp, 3 CRi) 
and 2 patients (11%) were in MLFS. The most common treatment-emergent AEs (all grades) reported included nausea (79%), 
diarrhea (63%), constipation (58%), hypokalemia (53%), hypomagnesemia (53%), neutropenia (53%), febrile neutropenia 
(47%), and vomiting (47%). Five cardiac events (45%) were considered related to study drug.

On-Going Trials 
The phase 2 trial (NCT04107727) and the phase 3 QuANTUM-First study (NCT02668653) are currently recruiting AML 
patients eligible for ICT.

Although quizartinib demonstrated prolonged OS compared with chemotherapy in the phase 3 study QUANTUM-R, the 
FDA and the EMA ultimately did not grant approval owing to specific concerns about the design and results of the study.

Gilteritinib
Gilteritinib is a type 1 FLT3 inhibitor which has activity against FLT3, ALK, and AXL (among other kinases). 
Gilteritinib is multitargeted, but it inhibits FLT3 more than other kinases.54

Monotherapy
Phase 1–2 Study 
The phase 1–2 dose-escalation and dose-expansion study included >18-year-old R/R AML patients.55 The presence of an 
FLT3 mutation was not mandatory, but 10 or more patients with locally confirmed FLT3 mutations (ITD or TKD) were 
required at each dose level. Gilteritinib was given continuously to participants at seven dose-escalation cohorts starting 
from 20 to 450 mg/day. Between 2013, and 2015, 265 patients were enrolled in the escalation and expansion phases. 
FLT3-ITD at screening was confirmed locally in 162 patients. Thirteen individuals had a point mutation in the D835 
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codon and 16 had both types of FLT3 mutation. Sixty-three (25%) had previously received treatment with a tyrosine 
kinase inhibitor, most commonly sorafenib. Of the 249 analyzed patients, 100 (40%) achieved a response, with 19 (8%) 
achieving CR, 10 (4%) CRp, 46 (18%) CRh, and 25 (10%) PR. The median duration of response was 17 weeks. Median 
OS was 25 weeks. Among 57 FLT3mut patients who had received any previous tyrosine kinase inhibitor, 21 (37%) 
achieved an ORR, of whom 2 (4%) had a CR, 2 (4%) had CRp, 10 (18%) had CRh, and 6 (11%) had PR. Best responses 
were achieved at doses ≥80 mg/day or higher. Based on the observed antileukaemic effects and FLT3 inhibition in plasma 
inhibitory assays, 120 mg/day was chosen as the starting dose for future studies. Grade 1/2 diarrhea was observed in 31% 
and grade 3 in 5% of the cases. Liver enzyme elevation was seen in ≈20% of the cases, mainly grade 1–2.

Phase 3 
The phase 3 ADMIRAL trial included patients >18 years with R/R AML and FLT3mut (FLT3 ITD or TKD D835 or I836 
mutations).56 FLT3 mutations were present if the FLT3-ITD allelic ratio was at ≥0.05. Patients were randomized 2:1 
between once-daily gilteritinib (120 mg) continuously until treatment failure or the occurrence of toxic effects or salvage 
chemotherapy. The study included 247 patients in the gilteritinib group and 124 in the chemotherapy group. Median age 
was 62. Sixty-one percent of the patients had relapsed AML and 39% had primary refractory disease. Only 6.2% 
previously received midostaurin along with first-line chemotherapy. The most commonly co-mutated genes were NPM1 
(46.6%) and DNMT3A (31.0%). Median OS was 10.4 months vs 6.9 months in the gilteritinib and the chemotherapy 
arms, respectively. Hazard ratio for death was 0.64 in the gilteritinib group (P<0.001). CR with full or partial hematologic 
recovery was 34.0% in the gilteritinib group and 15.3% in the chemotherapy group. Median duration of remission was 
11.0 months. Longer survival was observed with gilteritinib than with chemotherapy across all cohorts of patients with 
co-mutations, particularly in the cohort of patients with double mutation (DNMT3A and NPM1). The most common 
serious adverse events considered to be related to gilteritinib therapy were febrile neutropenia (9.3%) and increase in the 
liver enzyme level (≈5%). Five percent of patients had a QTc elongation. Drug-related adverse events leading to the 
discontinuation of gilteritinib occurred in 11% of the patients.

Onoing Studies
Gilteritinib has been tested in a phase 1 trial in combination with ICT (NCT02236013). Results have been presented at 
ASH meeting in 2020.57 A large European phase 3 is currently enrolling patients to be treated with gilteritinib in 
combination with ICT in comparison with midostaurin (HOVON 156 AML, NCT04027309). Studies testing gilteritinib 
maintenance post ICT (NCT02927262) and ASCT (NCT02997202) are also currently recruiting.

Combination with Non-Intensive Treatment
The randomized, open-label, phase 3 study LACEWING study (NCT02752035) compared the efficacy and safety of 
gilteritinib plus azacitidine versus azacitidine alone in patients with ND FLT3mut (ITD and/or TKD) AML ineligible for 
intensive chemotherapy.58 Patients received azacitidine at standard dose alone or associated with 120 mg/day oral 
gilteritinib (the gilteritinib alone arm was prematurely stopped). A total of 123 patients were randomized to receive 
gilteritinib + azacitidine (n = 74) and azacitidine (n = 49). Median age was 77 years, ECOG PS ≥2 was observed in 
47.3% in the gilteritinib + azacitidine and 32.7% of the patients in the gilteritinib alone group. Median OS was 9.82 and 
8.87 months, in the azacitidine-gilteritinib and azacitidine alone arms, respectively. Due to the failure of reaching primary 
endpoint, the study was stopped for futility. In the subgroup with FLT3-ITD allelic ratio ≥0.5, gilterinib plus azacitidine 
was associated with a trend toward a longer OS (10.68 months vs 4.34 months; HR, 0.580 [95% CI, 0.285–1.182]). CRc 
rates were 58.1% for GIL + AZA and 26.5% for AZA (P < 0.001) but CR rates were similar in the two groups (16.2% vs 
14.3%). Patients with a FLT3-ITD allelic ratio ≥0.5 had a higher chance of having CRc in the gilteritinib plus azacitidine 
group (71.4% vs 20.8%). GI hemorrhage, an AE of special interest identified during animal studies, occurred in 12.3% 
(n = 9) patients but considered not related to study drug. QTc prolongation, occurred in 13.7% (grade ≥3, 5.5% [n = 4]) of 
patients receiving gilteritinib and azacitidine.

These data support the use of gilteritinib for patients with R/R AML and FLT3 mutations. Nevertheless, enrollment 
occurred before widespread use of midostaurin in first-line chemotherapy, which could plausibly generate resistance to 
FLT3 inhibitors and subsequently alter gilteritinib activity.
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Taken together the results of published randomized studies support the use of sorafenib in a post-transplant setting 
based on SORMAIN trial, midostaurin in combination with ICT in ND AML based on RATIFY trial and gilteritinib 
monotherapy for R/R AML based on ADMIRAL study. Gilteritinib in combination with hypomethylating agent as well 
as quizartinib are not supported by solid randomized trial results for their use in FLT3mut AML patients (Table 1).

Perspective
Tremendous progress has been made in deciphering the molecular pathogenesis and the tumor heterogeneity in AML. 
This allowed to move from a one-fits-all to a targeted approach based on a better knowledge of altered molecular 

Table 1 Main Randomized Studies Evaluating FLT3 Inhibitors in Acute Myeloid Leukemia

Studied 
Drug

Trial’s 
Identifier/ 
Name

Population 
of AML 
Patients

Treatment Modalities Efficacy  
(Primary Endpoint)

Main Toxicities Ref

Sorafenib SORMAIN HSCT in CR1 Sorafenib (400 to 800 mg 

per day) or placebo. 
Treatment started at day 

30–60 after HSCT for 24 

months

Median RFS was not 

reached at the time of 
data entry in the 

sorafenib arm and 30.9 

months in the placebo 
arm

Infections (26.2%), GI toxicity 

(14.3%), electrolyte alterations 
(14.3%) and skin toxicity 

(15.4%)

[30]

NCT02474290 HSCT in CR1 No treatment or 
Sorafenib 400 mg twice 

a day started at day 30–60 

after HSCT until day 180 
post transplantation

1-year CIR, 7% in the 
sorafenib group and 

24.5% in the control 

group

Grade 3/4 infections, 25%; 
hematological toxicity, 15% in 

the sorafenib group and 7% in 

the control

[31]

NCT00373373 60-year-old 
patients with 

ND AML

Sorafenib 400 mg or 
placebo in addition 

chemotherapy during 

induction, consolidations 
and for 1 year 

maintenance.

Median EFS: 7 months 
for placebo vs 5 months 

for sorafenib

Early death (<60 days) 
combined infection: (15 

patients vs 4 patients)

[38]

Midostaurin CALGB 10603 

(RATIFY)

18–59-year- 

old patients 

ND-AML 
with FLT3 
mutations

Midostaurin or placebo at 

50 mg orally twice daily 

during induction, 
consolidation and 1-year 

maintenance phase

Median OS, 74.5 months 

in the midostaurin group 

versus 25.6 months in 
the placebo group

Grade >2 anemia (92.7% vs 

87.8%) and grade >2 rash 

(14.1% vs 7.6%) were higher in 
the midostaurin group than in 

the placebo group

[47]

Quizartinib QUANTUM-R Patients >18 

years with 

FLT3-ITD R/R 
AML

Quizartinib 20–60 mg 

once daily versus salvage 

chemotherapy

Median OS was 6.2 

months for quizartinib 

and 4.7 months for 
chemotherapy

Febrile neutropenia (33%) and 

QTc prolongation 26% (22% 

grade 1–2)

[52]

Gilteritinib ADMIRAL Patients >18 
years with R/ 

R AML and 

FLT3mut

Once-daily gilteritinib 
(120 mg) continuously or 

salvage chemotherapy

Median OS, 10.4 months 
in the gilteritinib arm vs 

6.9 months in the 

placebo arm

Febrile neutropenia (9.3%); 
increase in the liver enzyme 

level (≈5%); QTc elongation 

(5%)

[56]

LACEWING FLT3mut AML 

ineligible for 
intensive 

chemotherapy

Gilteritinib 120 mg/day 

associated with 
azacitidine at standard 

dose

Median OS was 9.82 and 

8.87 months

Gastrointestinal hemorrhage, 

12.3% of patients; QTc 
prolongation, occurred in 

13.7% of patients receiving 

gilteritinib and azacitidine

[58]

Abbreviations: CIR, cumulative incidence of relapse; CR1, first complete response; EFS, event-free survival; GI, gastrointestinal; HSCT, hematopoietic stem-cell 
transplantation; ND, newly diagnosed; OS, overall survival; RFS, relapse-free survival; R/R, relapsed/refractory.
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pathways.10 Successful development of precision medicines includes the introduction of small-molecule inhibitors of 
FLT3, IDH1/IDH2 and BCL-2. When administered as single agents, these inhibitors exert substantial activity in patients 
with R/R AML. Combining FLT3 inhibitors with intensive chemotherapies augments clinical activity and partially 
overcome the poor prognosis of FLT3mut AML.

Despite these important achievements, some questions remain open Is there a place for second-generation inhibitors 
in combination with ICT for patients with ND AML? What is the clinical effect and the safety of combinations of FLT3 
inhibitors with non-intensive treatment in particular venetoclax-based regimen in elderly patients who are not candidates 
for intensive chemotherapy? What is the best option to tackle relapsed or refractory disease previously treated with FLT3 
inhibitors?

What is the place for second-generation FLT3 inhibitors in combination with ICT? As discussed above, the large 
European phase 3 (HOVON 156 AML, NCT04027309) is currently enrolling patients to be treated with gilteritinib in 
combination with ICT in comparison with midostaurin. Other FLT3 inhibitors are currently studied, for instance, 
the second-generation type I FLT3 inhibitor crenolanib showed evidence of clinical efficacy both in monotherapy and 
in combination with ICT.59–61 Two phase 3 trials are currently enrolling patients to compare the effect of crenolanib, one 
investigating ICT in combination with crenolanib or midostaurin in ND FLT3-mutated AML (NCT03258931), the other 
crenolanib with chemotherapy versus chemotherapy alone in R/R FLT3-mutated AML (NCT03250338).

Is the clinical effect and the safety of combinations of FLT3 inhibitors with non-intensive treatment? Combination of 
FLT3 inhibitor with the BCL2 inhibitor venetoclax is currently under evaluation. This approach is very promising for 
FLT3mut AML patients who are not candidates for intensive chemotherapy given the intermediate prognosis of patients 
treated with venetoclax–azacitidine.5,6 A recently published phase 1 study reported the tolerability and efficacy of 
gilteritinib with venetoclax-based therapy.62 In this trial enrolling 61 patients, including 56 with FLT3-ITD and 36 
patients previously treated with FLT3 inhibitors, venetoclax dose was 400 mg and gilteritinib 120 mg, given once daily 
continuously. The modified CRc rate (=ORR + MLFS) for FLT3mut patients was 75% (including 18% CR, 22% CRh/ 
CRp and 36% MLFS). Tolerance was manageable with expected grade 3–4 cytopenias. Triplet therapies including FLT3 
inhibitors, venetoclax and azacitidine have been retrospectively reported.63 Several prospective early-phase clinical trials 
are ongoing, testing gilteritinib (NCT04140487) or quizartinib (NCT03661307) among others. Of note, combination of 
venetoclax and gilterinib seems to be highly synergistic in vitro and in mice xenografts through the inhibition of MCL1 
and the kinase AXL.64 This combination will probably be game-changing in the management of FLT3mut AML in the 
future.

Resistance to FLT3 inhibitors remains a major concern as most of the patients will relapse upon treatment. Several recent 
reviews cover the topic of resistance mechanisms and propose strategies to overcome them.65,66 An important notion is the 
oncogene addiction that can explain how broad-spectrum inhibitors like midostaurin may be more effective for ND AML and 
more targeted inhibitors like quizartinib may be more effective for more R/R AML that are marked by greater dependency on 
mutant FLT3 as a driver oncogene. Hence, the broad spectrum of activity of the more multi-targeted inhibitors has utility and 
can offer clinical benefit that more narrow spectrum inhibitors cannot. Drug resistance emerges differently depending on the 
selectivity of the inhibitor. For instance, studies based on next-generation-sequencing and/or single-cell analyses performed on 
pre-treatment and relapse pairs of samples discovered that a larger part of patients treated with type 1 inhibitors developed 
RAS/MAPK mutations contrary with those treated with type 2 inhibitors.67–69 A novel FLT3 inhibitor, FF-10101, in clinical 
development has shown a high level of efficacy against AML cells harbouring FLT3 mutations including those located in the 
activation loop acquired upon crenolanib treatment.70,71 Research perspectives in the field of AML resistance, in particular in 
the setting of FLT3 oncogene addiction, will probably pinpoint the interplay between alternative cell death mechanisms and 
metabolic deregulations. Recent studies have shown that deregulation of the autophagic pathway is frequent and targetable in 
FLT3mut AML.72,73 SAR405, a highly potent small-molecule inhibitor of the phosphatidylinositol 3-kinase catalytic subunit 
type 3 (PIK3C3)/Vps34 induces a blockage at the late endosome-lysosome step autophagy flux and shows interesting 
preclinical efficacy in FLT3-ITD AML.74 Cell metabolism and mitochondrial respiration are more and more described 
Achille’s heels of FLT3-ITD AML cells that also can be targeted by therapeutic intervention.75–77 It is likely that repeated 
molecular and metabolic profiling alongside with in vitro drug sensitivity profiling will provide crucial results for future 
precision medicine trials.78
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