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FLT3 inhibitors and hematopoietic cell transplantation prolong survival in patients with
FLT3-ITD-positive AML
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Abstract

Acute myeloid leukemia (AML) is an aggressive hematological malignancy with genetic
alterations. The FMS-like tyrosine kinase 3 (FLT3) gene is frequently mutated in adult de novo
AML, with two types of mutations: internal tandem duplication (ITD) and point mutations in the
tyrosine kinase domain. This study aimed to investigate the impact of FLT3 inhibitors and
hematopoietic cell transplantation (HCT) on survival outcomes in patients with FLT3-1TD AML
in a real-world setting. We retrospectively analyzed 139 patients with FLT3-ITD-positive AML
between 2012 and 2021. The median age was 63 years. In the propensity score-matched cohort,
FLT3 inhibitors improved overall survival (OS) compared with patients treated without FLT3
inhibitors (3-year OS: 33.7% vs. 25.8%, p = 0.021). Patients who underwent HCT had superior
outcomes to those without HCT (3-year OS: 45.3% vs. 2.2%, p < 0.0001). The combination of
FLT3 inhibitors and HCT resulted in the highest OS and relapse-free survival (RFS) rates (3-year
OS: 62.4%; 3-year RFS: 44.4%). Disease status before transplantation did not predict the
prognosis, but use of FLT3 inhibitors increased survival in patients without complete remission
before HCT. These results demonstrate the clinical impact of FLT3 inhibitors on survival
outcomes in patients with FLT3-ITD-positive AML, particularly when combined with HCT. FLT3
inhibitors can improve the prognosis of AML with FLT3 mutations, especially in patients who
undergo HCT.
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Introduction

Acute myeloid leukemia (AML) is an aggressive hematological malignancy

characterized by karyotype abnormalities and gene mutations in hematopoietic stem cells and

progenitor cells [1-3]. Genetic alterations in AML affect the prognosis, and FMS-like tyrosine

kinase 3 (FLT3) mutations are frequently detected in patients with de novo AML. Internal tandem

duplication (ITD) at the juxta membrane domain and point mutations in the tyrosine kinase

domain (TKD) occur in approximately 25% and 5% of cases of adult AML, respectively [1]. The

FLT3 gene plays a pivotal role in the proliferation, differentiation, and survival of hematopoietic

cells [4]. FLT3 mutations constitutively activate multiple downstream signaling pathways,

including phosphoinositide 3-kinase/Akt and Ras/mitogen-activated protein kinase, which

promote cell growth and induce anti-apoptosis [4]. FLT3-ITD AML is associated with a poor

prognosis, although emerging FLT3 inhibitors, such as midostaurin, quizartinib, and gilteritinib,

have improved survival outcomes in these cases [5]. FLT3 inhibitors are classified as types 1 and

2. Type 1 inhibitors, such as gilteritinib, bind to FLT3 and inactivate FLT3 signaling pathways in

both FLT3-ITD and FLT3-TKD, whereas type 2 inhibitors, such as quizartinib, show increased

binding compared with type 1 inhibitors and decrease phosphorylation of FLT3 via FLT3-1TD

[6,7]. FLT3 inhibitors are thus expected to increase survival and prevent relapse; however, their

clinical impact in a real-world setting is still unclear. In Japan, the type 1 inhibitor, gilteritinib,
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was approved in December 2018, followed by the type 2 inhibitor, quizartinib, in October 2019.

This study aimed to evaluate the impact of FLT3 inhibitors on survival in patients with FLT3-

ITD-positive AML in a real-world setting.

Patients and methods

Patient eligibility

We conducted a multicenter retrospective questionnaire-based study including patients

with FLT3-ITD AML at 22 institutes in Hokkaido, Japan, from January 2012 to December 2021.

Patients diagnosed with acute promyelocytic leukemia, patients who died within 14 days from

diagnosis, and patients with only FL73-TKD mutations were excluded. We defined patients who

received FLT3 inhibitors for >14 days as “administration of FLT3 inhibitors” because a shorter

usage of FLT3 inhibitors might not impact survival. FLT3-ITD was detected by companion

diagnostics LeukoStrat CDx FLT3 or in-house analysis.

Endpoints

The primary endpoint in this study was overall survival (OS). The secondary endpoints

were relapse-free survival (RFS) and rate of induction failure. OS was defined from the day of

diagnosis with AML to death. RFS was defined from the day of achievement of complete
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remission (CR) or CR with incomplete recovery to death or hematological relapse [8].

Propensity score (PS) matching

To avoid potential confounding in patient characteristics, we calculated the propensity

scores (PS), and caliper-matched cases with or without FLT3 inhibitors in a 1:1 ratio using the

nearest-neighbor matching method with multivariable logistic regression analysis. The covariates

were sex (female or male), age (=65 or <65 years), Eastern Cooperative Oncology Group (ECOG)

performance status (0—2 or >3), and patients who underwent HCT (yes or no), as factors that

might affect survival outcomes.

Statistical analysis

The patients’ characteristics were tested by x> and Fisher’s exact tests for categorical

data or the Mann—Whitney U test for quantitative data. OS and RFS were calculated using the

Kaplan—Meier method. All statistical tests were two-sided, and a p value < 0.05 was considered

significant. All statistical analyses were performed using the EZR software package in R

commander for macOS version 1.61 (Saitama Medical Center, Jichi Medical University;

http://www.jichi.ac.jp/saitama-sct/SaitamaHP.files/statmed EN.html).
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Results

Patient characteristics

A total of 171 patients were registered, of whom 17 patients with acute promyelocytic

leukemia, 11 patients who died within 14 days from diagnosis, and 4 patients with only FLT3-

TKD mutations were excluded. A total of 139 patients met the eligibility criteria. (Table 1) The

median age was 63 years (range 7-95 years) and there were 56 (40.3%) women and 83 (59.7%)

men (Supplementary Fig. 1). The median ECOG performance status was 1 (range, 0—4), the

median white blood cell count (WBC) at diagnosis was 52,630/uL (range, 680—-496,000), and the

median serum lactate dehydrogenase (LDH) level was 544.5 U/L (range, 20-11,937). One

hundred patients (71.9%) received intensive chemotherapy (idarubicin + cytarabine, n = 76;

daunorubicin + cytarabine, n = 24). The rest of the patients received non-intensive treatment,

including a low dose cytarabine regimen (n = 18), azacytidine alone (n = 6), venetoclax +

azacytidine (n = 3), hydroxyurea (n = 6), or best supportive care (n = 6). Among the 100 patients

who underwent intensive chemotherapy, 67 (67.0%) achieved CR after first induction therapy.

Among all 139 eligible cases, a normal karyotype was detected in 104 (74.8%). HCT was

conducted in 65 cases (46.8%), with 52 and 13 patients receiving myeloablative conditioning and

reduced-intensity conditioning regimens, respectively. FLT3-ITD mutations alone occurred in

134 (96.4%) patients and FLT3-ITD plus FLT-TKD mutations occurred in 5 patients (3.6%).
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FLT3 inhibitors were administered in 59 cases (42.4%) based on the study criteria for the

indication of primary refractory/relapse (n =40) or maintenance (n = 19). There was no significant

difference in patient age between patients treated with and without FLT3 inhibitors (median 65

years, range 7-90; median 60.5 years, range 9-95, respectively) (p = 0.76). There were also no

significant differences between the two groups in terms of sex (male: 59.3% vs. 60.0%, p = 1),

median WBC at diagnosis (61,280/uL vs. 40,520/uL, p = 0.55), median serum LDH level (585

U/Lvs. 522 U/L, p =0.64), CR after one course of induction therapy (50.8% vs. 46.2%, p=0.72),

cases who underwent HCT (47.5% vs. 46.3%, p = 1), and FLT3-ITD alone (94.9% vs. 97.5%, p

=0.73) (Supplementary Table 1).

We next compared the patient characteristics in the PS-matched cohort (n = 56 per

group). There were no significant differences between the two groups in terms of age (median 64

years vs. 63 years, p = 0.63), sex (male: 57.2% vs. 55.4%, p = 1), ECOG performance status (1

vs. 1, p = 1), median WBC (62,150/uL vs. 51,770/uL, p = 0.56), serum LDH level (609.5 U/L vs.

524 U/L, p = 0.49), number of cases with intensive chemotherapy (42 vs. 38 cases, p = 0.59), CR

rate after one course of induction therapy (64.3% vs. 68.4%, p = 0.70), patients who underwent

HCT (50% vs. 50%, p = 1), and FLT3-ITD alone (98.2% vs. 96.4%, p = 1) (Table 2). Among

patients who underwent HCT, FLT3 inhibitors were administered only before HCT (n=5, 17.9%),

only after HCT (n =9, 32.1%), both before and after HCT for maintenance (n = 10, 35.7%), and
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at relapse after HCT (n = 4, 14.3%). The FLT3 inhibitor was gilteritinib alone in 44, quizartinib

alone in one, sorafenib alone in one, and sequential gilteritinib and quizartinib in 10 patients.

FLT3 inhibitors were administered without transplantation for relapsed or refractory disease, not

for induction, because upfront FLT3 inhibitors were only approved as induction therapy in Japan

in May 2023, after this study period.

Survival outcomes

The 3-year OS and RFS in the whole study cohort were 27.4% (95% confidence interval

[CI], 19.6%—-35.7%) and 32.1% (95% CI, 21.0%—43.7%), respectively (Fig. 1a, b). We compared

survival according to age: <18 years, adult/young adult (18—40 years), 41-70 years, and >70 years.

There were only five patients aged <18 years, but these limited cases showed favorable OS (3-

year OS: 60% [95% CI, 12.6%—88.2%]). Patients in the 18-40 and 41-70 year groups

demonstrated 3-year OS rates of 51.8% (95% CI, 26.2%—72.4%) and 30.2% (95% CI, 19.5%—

41.6%), respectively. However, patients aged >70 years showed poor OS (4.7% [95% CI, 0.4%—

18.6%]) (Fig. 1c). The 3-year RFS rates in patients aged <18, 1840, 41-70, and >70 years were

66.7% (95% CI, 5.4%-94.5%), 42.9% (95% CI, 9.8%—73.4%), 28.9% (95% CI, 16.6%—42.4%),

and not reached, respectively (Fig. 1d). The use of FLT3 inhibitors divided the prognosis, with

patients receiving FLT3 inhibitors having better OS than those without FLT inhibitors (3-year OS:
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32.4% vs. 23.4%, p = 0.0068) (Supplementary Fig. 2a). RFS in the group treated with FLT3

inhibitors in the whole cohort was similar to the group without FLT3 inhibitors (3-year RFS:

29.0% vs. 34.4%, p = 0.11) (Supplementary Fig. 2b). OS and RFS were improved in patients with

HCT compared with those without HCT (3-year OS: 45.3% vs. 2.2%, p < 0.0001; 3-year RFS:

43.4% vs. 12.1%, p = 0.023) (Supplementary Fig. 2c, d). OS was highest among patients treated

with FLT3 inhibitors and HCT compared with the other groups (p < 0.0001) (Supplementary Fig.

2e, f). The hazard ratios for OS according to use of FLT3 inhibitors and HCT in all eligible cases

were 0.57 (95% CI, 0.38-0.86, p=0.0076) and 0.31 (95% CI, 0.21-0.48, p < 0.0001), respectively.

The 3-year OS and RFS rates in the PS-matched cohort were 29.7% (95% CI, 20.9%—

39.1%) and 31.8% (95% CI, 19.6%44.7%), respectively (Fig. 2a, b). FLT3 inhibitors improved

OS in the PS-matched cohort compared with the group without FLT3 inhibitors (3-year OS:

33.7% vs. 25.8%, p=0.021), but had no effect on RFS (27.6% vs. 35.4%, p = 0.059) (Fig. 2c, d).

HCT improved OS and RFS in the PS-matched cohort compared with patients without HCT (3-

year OS: 47.9% vs. 6.8%, p < 0.0001; 3-year RFS: 42.7% vs. not reached, p = 0.0080,

respectively) (Fig. 2e, f). In the PS-matched cohort, FLT3 inhibitors plus HCT also improved OS

(3-year OS: FLT3 inhibitors + HCT, 62.4%; HCT alone, 34.8%; FLT inhibitors alone, not reached;

no FLT3 inhibitors or HCT, 17.4%; p < 0.0001) and RFS (3-year RFS: FLT3 inhibitors + HCT,

44 .4%; HCT alone, 41.2%; FLT inhibitors alone, not reached; no FLT3 inhibitors or HCT, not
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reached; p = 0.019) (Fig. 2g, h). Among patients who underwent HCT, hematological CR did not

affect survival compared with non-CR (3-year OS: 50.5% vs. 40.0%, p = 0.44) (Supplementary

Fig. 3a). Patients without CR receiving FLT3 inhibitors demonstrated superior survival outcomes

compared with patients without CR and without FLT3 inhibitors (3-year OS: 62.5% vs. 16.7%, p

=0.022), (Supplementary Fig. 3b), although the comparison was limited by the small number of

cases. The use of FLT inhibitors did not affect survival among patients with CR before HCT (3-

year OS: with inhibitors 62.9% vs. without inhibitors 40.0%, p = 0.15).

Discussion

We retrospectively analyzed patients with FLT3-mutated AML in a regional multicenter

cohort in Japan. The results showed that FLT3 inhibitors and HCT improved survival outcomes

among patients with FLT3-ITD AML, while the combination of FLT3 inhibitors and HCT led to

superior outcomes compared with the other treatment groups. FLT3 inhibitor administration

improved outcomes among patients without HCT, but HCT had a more significant impact than

FLT3 inhibitors. Among patients undergoing HCT, FLT3 inhibitors had no impact in patients with

hematological CR before HCT, but improved survival in patients without CR before HCT,

compared with patients without FLT3 inhibitors. Gilteritinib was approved for relapsed/refractory

FLT3-ITD/-TKD mutated AML and quizartinib was approved for newly diagnosed and
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relapsed/refractory FLT3-ITD AML in Japan, but quizartinib was not approved for newly

diagnosed AML during the study period. Upfront FLT3 inhibitors combined with conventional

7+3 induction might enhance the impact of FLT3 inhibitors.

Midostaurin, a first-generation type 1 tyrosine kinase inhibitor for FLT3-mutated AML,

inhibits multi-kinases such as FLT3, KIT, and platelet-derived growth factor receptor. In the

randomized phase 3 RATIFY trial, midostaurin with conventional 7+3 induction therapy,

improved OS compared with conventional chemotherapy alone in patients with newly diagnosed

FLT3-mutated AML, but had no additional effect in patients aged >60 years [9]. First-generation

FLT3 inhibitors such as midostaurin have poor specificity for FLT3 and many off-target effects,

leading to side effects, including hematological adverse events [6]. Most cases (96.2%) in the

current PS-matched cohort who were treated with FLT3 inhibitors initially selected gilteritinib,

because this was the first-in-class agent to be approved in Japan. Gilteritinib is a second-

generation type 1 FLT3 inhibitor with a high affinity for mutated FLT3 receptors that inhibits the

phosphorylation of FLT3 and AXL. The randomized phase 3 ADMIRAL trial showed that

gilteritinib prolonged survival in patients with relapsed or refractory FLT3-mutated AML and

induced a high incidence of CR compared with patients who received conventional salvage

chemotherapy [10]. In the current study, disease status before transplantation did not affect OS,

but the use of FLT3 inhibitors improved survival in patients without CR undergoing HCT. Low-
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dose gilteritinib after HCT also improved outcomes in initiating early post-transplantation as

maintenance therapy [11]. In the ADMIRAL trial, patients who underwent HCT showed

comparable outcomes between the pretransplant gilteritinib and salvage chemotherapy arms, but

patients who resumed gilteritinib after HCT had better outcomes than those who did not resume

gilteritinib in the gilteritinib arm [12]. Moreover, Levis et al. reported that patients with FLT3-

ITD with hematological CR of 1 x 107 or greater for FLT3-ITD had poor OS and RFS without

gilteritinib, but gilteritinib combined with HCT increased survival among these patients [13].

Maintenance therapy with FLT3 inhibitors after transplantation might prevent relapse and

improve prognosis, but patients eligible for maintenance therapy after HCT need to be selected in

terms of disease status pre- or post-transplantation.

The second-generation type 2 FLT3 inhibitor, quizartinib, selectively inhibits FLT3 but

has lower affinity to KIT, RET, colony-stimulating factor-1 receptor, and platelet-derived growth

factor receptor [7]. In a phase 1 clinical trial of post-transplant maintenance therapy, four (31%)

patients survived >2 years; however, the sample size was very small, and no large randomized

trials of quizartinib have been conducted for FLT3-ITD AML after HCT [14]. A study using real-

world data for 1208 patients with FLT3-mutated AML from eight countries showed that post-

transplant administration of FLT3 inhibitors (n = 219, 18.1%), including midostaurin (n = 140,

63.9%), sorafenib (n = 58, 26.5%), gilteritinib (n = 14, 6.4%), and quizartinib (n =9, 4.1%), or
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other maintenance therapy (n = 224, 18.5%) improved survival [15]. In a randomized phase 3

trial, quizartinib in combination with intensive chemotherapy, improved OS, especially in cases

with a higher FLT3-ITD variant allelic frequency [16]; however, quizartinib with conventional

chemotherapy still failed to improve OS in patients aged >60 years, and the study did not include

patients who received FLT3 inhibitors as induction therapy. FLT3 inhibitors improved survival in

patients with relapsed or refractory FLT3-1TD AML without HCT in the current study, as reported

in previous phase 3 studies of gilteritinib and quizartinib [10,17].

The current study had several limitations. First, the study retrospectively analyzed a

small number of cases. Second, genetic alterations other than FL73 mutations could not be

assessed because a comprehensive panel for genetic mutations has not been approved in Japan.

Third, FLT3 inhibitors were administered for many purposes in the patients who underwent HCT,

including maintenance before transplantation and relapse after transplantation. Finally, the disease

status before HCT was only assessed by morphological evaluation.

In conclusion, this retrospective multicenter study revealed that FLT3 inhibitors and

HCT improved survival in patients with FLT3-ITD AML in a real-world setting. HCT had a more

significant impact on survival among these patients, and intensive chemotherapy plus FLT3

inhibitors with HCT for fit patients with FLT3-ITD AML might lead to better outcomes. Further

studies are needed to determine which patients are suitable for FLT3 inhibitors as maintenance
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therapy after HCT.

Figure legends

Fig. 1 Overall survival (OS) and relapse-free survival (RFS) in the whole study cohort. A, B. OS

and RFS. C, D. OS and RFS according to age group: <18, 18—40, 41-70, and >70 years

Fig. 2 Overall survival (OS) and relapse-free survival (RFS) in propensity score (PS)-matched

patients. A, B. OS and RFS in the whole PS-matched cohort. FLT3 inhibitors (C, D) hematopoietic

cell transplantation (HCT) (E, F), and FLT3 inhibitors plus HCT (G, H) improved survival

outcomes

Supplementary Fig. 1 Age distribution of total cohort (n = 139) showing sex (A) and patients

who underwent hematopoietic cell transplantation (HCT) (B)

Supplementary Fig. 2 Overall survival (OS) and relapse-free survival (RFS) in all patients. FLT3

inhibitors (A, B), hematopoietic cell transplantation (HCT) (C, D), and FLT3 inhibitors plus HCT

(E, F) improved survival outcomes
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Supplementary Fig. 3 Overall survival (OS) in propensity score-matched patients with

hematopoietic cell transplantation (HCT). A. Disease status before hematopoietic complete

remission (CR) did not affect OS compared with patients without CR (p = 0.44). B. FLT3

inhibitors improved OS in patients without CR
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