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ABSTRACT

Introduction: There is a dearth of evidence to
document treatment of FMS-like tyrosine kinase 3
(FLT3)-mutated acute myeloid leukemia (AML)
in real-world settings before the introduction of
FLT3 inhibitors. A retrospective cohort study
was conducted to understand treatment prac-
tices prior to the availability of FLT3 inhibitors
in patients with FLT3-mutated AML from two
registries in France.

Methods: Patient data from January 1, 2009 to
December 31, 2017 were collected from the
Hauts-de-France and Midi-Pyrénées registries.
Patients aged C 18 years at diagnosis with FLT3-
mutated AML were included. Demographic and
disease characteristics of patients with FLT3-
mutated AML and relapsed or refractory (R/R)
FLT3-mutated AML were documented. Treat-
ment regimens, overall survival (OS), and event-
free survival were assessed in patients with R/R
FLT3-mutated AML who did not participate in
clinical trials.
Results: Overall, 819 and 1244 adult patients
with AML from the Midi-Pyrénées and Hauts-
de-France cohorts, respectively, underwent
FLT3 mutation testing; 172 (21.0%) and 263
(21.1%) patients, respectively, had a FLT3
mutation. Primary R/R status was identified in
41.3% (n = 71/172) of the Midi-Pyrénées and
34.6% (n = 91/263) of the Hauts-de-France
cohorts. Before R/R AML diagnosis, 82.0% and
97.5% of patients in the Midi-Pyrénées and
Hauts-de-France cohorts, respectively, achieved
complete remission (CR) or CR with incomplete
hematologic recovery (CRi) following induction
chemotherapy; after diagnosis of R/R AML, CR/
CRi rates with salvage therapy were 33.3% and
28.1%, respectively. Median OS (interquartile
range) in patients receiving salvage therapy
(n = 49, n = 78) was 5.2 (2.3–11.1) and 6.1
(2.5–35.2) months, in the Midi-Pyrénées and
Hauts-de-France cohorts, respectively. Across
both cohorts, patients with R/R FLT3-mutated
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AML had low rates of CR/CRi with salvage
therapy and a median OS of approximately
6 months.
Conclusion: Before FLT3 inhibitor availability,
real-world treatment patterns and outcomes in
French patients with R/R FLT3-mutated AML
were consistent with clinical trial data, high-
lighting a poor prognosis and unmet need for
effective treatment.

PLAIN LANGUAGE SUMMARY

Acute myeloid leukemia is a cancer affecting the
blood and bone marrow. The presence of
specific mutations in the FMS-like tyrosine
kinase 3 (FLT3) gene in patients with acute
myeloid leukemia can negatively impact
response to standard chemotherapy. Patients
with these mutations may not respond to
chemotherapy or have a shortened duration of
response causing a return of the disease, which
in turn substantially decreases their life span. In
the era prior to the availability of drugs specifi-
cally designed to counteract the negative effects
of FLT3 mutations, evidence related to patient
characteristics and treatment effects in individ-
uals with acute myeloid leukemia harboring
FLT3 mutations was mainly derived from clini-
cal studies, with little evidence based on real-
world experience. To better understand real-
world patient characteristics and treatment
effects in patients with acute myeloid leukemia
and FLT3 mutations, we analyzed patients from
two French registries, Midi-Pyrénées and Hauts-
de-France, with a focus on patients who did not
respond to or whose disease returned after ini-
tial chemotherapy. Patient data from between
January 2009 and December 2017 included
patients with FLT3-mutated acute myeloid leu-
kemia from Midi-Pyrénées and Hauts-de-France
who did not respond to or had recurrent disease
after responding to initial chemotherapy, had
low response to salvage chemotherapy, and a
survival duration of 6 months or less. Our real-
world observations in patients with relapsed or
refractory FLT3-mutated acute myeloid leuke-
mia from these two registries were consistent
with results reported in clinical trials. Our

results highlight the bleak forecast for these
patients in the absence of effective drugs.

Keywords: Real-world evidence; Treatment
patterns; Relapsed or refractory acute myeloid
leukemia; FLT3 mutations

Key Summary Points

Why carry out this study?

The presence of FMS-like tyrosine kinase 3
(FLT3) mutations in patients with acute
myeloid leukemia (AML) confers a poor
prognosis in the absence of targeted FLT3
inhibitor therapy; however, there is a
paucity of real-world evidence on patients
with FLT3-mutated AML.

A real-world French registry-based analysis
was conducted to evaluate patient
characteristics, treatment patterns, and
outcomes in real-world clinical settings.

What was learned from this study?

Patients with relapsed or refractory (R/R)
FLT3-mutated AML in this real-world
French registry-based analysis
demonstrated demographic, disease, and
treatment characteristics consistent with
those established for AML.

Consistent with findings reported in the
literature, development of R/R disease was
associated with worsening remission rates
and overall survival.

These findings highlight the poor
prognosis associated with R/R FLT3-
mutated AML prior to the availability of
FLT3 inhibitor therapy.

INTRODUCTION

Acute myeloid leukemia (AML) is a rare malig-
nant hematologic disease characterized by
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excess myeloblasts in bone marrow and blood
[1]. In France, AML accounts for 10% of all
hematological malignancies with an overall
incidence of 3428 per year [2] and an age-ad-
justed incidence of 2.3/100,000 person-years
(PY) in women and 3.1/100,000 PY in men [2].
The main risk factors for AML are advanced age,
history of hematologic disease, genetic muta-
tions, radiation exposure, viruses, chemical
hazards, and chemotherapy treatments [3].

FMS-like tyrosine kinase 3 (FLT3) is a cytokine
receptor kinase expressed in early hematopoi-
etic stem and progenitor cells [4]. The FLT3
receptor pathway plays an important role in cell
proliferation, survival and differentiation.
Mutations in the FLT3 gene are one of the most
common mutations in patients with AML.
Approximately 30% of patients with AML har-
bor an activating FLT3 mutation [5], which may
lead to uncontrolled cell proliferation by con-
stitutive activation of the FLT3 gene [6, 7]. Such
mutations consist of internal tandem duplica-
tion (ITD) mutations that occur in approxi-
mately 25% of patients and tyrosine kinase
domain (TKD) point mutations that occur in
around 5–10% of patients [5]. A high FLT3-ITD
allelic ratio is associated with early relapse and
short disease-free and overall survival (OS) after
standard chemotherapy [8, 9]. The impact of
FLT3-TKD mutations on AML prognosis is less
clear; however, evidence suggests that in the
absence of NPM1 mutations, FLT3-TKD muta-
tions may have a negative impact on OS and
event-free survival (EFS) [10].

Initial assessments of patients with AML
determine whether the patient is eligible for
intensive induction chemotherapy, which car-
ries a risk of treatment-related mortality [11].
Elderly patients have a poor prognosis with
standard chemotherapy, with 70% of patients
aged C 65 years not surviving beyond 1 year
after AML diagnosis [12]. Prior to the availabil-
ity of targeted therapies, patients with AML who
were resistant to, or had relapsed after achieving
initial remission with, standard induction
chemotherapy had extremely limited treatment
options; salvage chemotherapy regimens were
largely ineffective in this population [13]. As
such, in 2017 the European LeukemiaNet (ELN)
deemed that no specific salvage regimen could

be considered standard of care for relapsed or
refractory (R/R) AML [14].

Midostaurin was the first FLT3 inhibitor
approved for the treatment of FLT3-mutated
AML on the basis of findings from the phase 3
RATIFY trial, which demonstrated that
midostaurin combined with chemotherapy
improved survival in newly diagnosed patients
with FLT3-mutated AML [15, 16]. Although
first-generation FLT3 inhibitors such as
midostaurin were largely nonspecific, subse-
quently developed second-generation inhibitors
(i.e., quizartinib and gilteritinib) had greater
FLT3 receptor specificity, were more potent
inhibitors of the FLT3 receptor, and demon-
strated efficacy and safety in patients with R/R
AML [17, 18]. Preclinical studies demonstrated
that quizartinib effectively inhibited FLT3
receptor activity in FLT3-ITD-positive tumor
xenograft models and primary AML cells [19].
In patients with FLT3-ITD-positive R/R AML,
quizartinib improved OS compared with salvage
chemotherapy [17]. Gilteritinib inhibits FLT3
receptor activity in cell lines harboring FLT3-
ITD or FLT3-TKD mutations [20]. The phase 3
ADMIRAL study compared gilteritinib with sal-
vage chemotherapy in patients with R/R FLT3-
mutated AML. Median OS was significantly
longer in patients treated with gilteritinib than
in those treated with standard salvage
chemotherapy (9.3 vs 5.6 months; hazard ratio
for death, 0.64; 95% confidence interval,
0.49–0.83; p\0.001) [18].

Most data related to patients with FLT3-
mutated R/R AML are derived from clinical trials
and few studies are designed to evaluate the
AML treatment landscape in real-world settings.
There is a paucity of information related to real-
world outcomes prior to the availability of
FLT3-targeted therapies for patients with FLT3-
mutated R/R AML. The aim of the present study
was to review data from two French registries to
assess characteristics, treatment patterns, and
outcomes of real-world patients with AML
before the availability of FLT3 inhibitors.
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METHODS

Statement of Ethics

This study was conducted in adherence to the
study protocol and the ethical principles of the
Declaration of Helsinki, Commission Nationale
de l’Informatique et des Libertés (CNIL) reference
methodology MR-004, and any applicable regu-
lations. Because this was a registry-based retro-
spective study, approval from an ethics review
board was not required. Patient consent for the
general use of data from the Midi-Pyrénées and
Hauts-de-France registries was approved by the
CNIL, and permission was obtained from the
registry owners to use the information from the
data repository for the purpose of this study.

Study Design and Patients

This retrospective cohort study was conducted
using data collected from two French AML reg-
istries, Hauts-de-France and Midi-Pyrénées,
from January 1, 2009 to December 31, 2017.
Out of all AML registries in France, the Hauts-
de-France and Midi-Pyrénées registries were
specifically selected because they provided the
best quality and most complete data sets, which
(following a structured feasibility assessment)
were in line with our objectives.

Patients included in the study met the fol-
lowing criteria: date of diagnosis of AML recor-
ded in the database within the study period; at
least 18 years of age on the date of AML diag-
nosis; and documented FLT3 mutation testing
during the study period. Patients were excluded
if they had a French-American-British code M3
(acute promyelocytic leukemia). The index date
was defined as the date a patient acquired pri-
mary R/R status.

Objectives

The objectives of this study were to describe (1)
the proportion of patients with AML who har-
bored a FLT3 mutation at any time and the
proportion of patients with FLT3-mutated AML
who became R/R at any time; (2) the demo-
graphic, clinical, and treatment characteristics

of patients with R/R FLT3-mutated AML at the
time of diagnosis and at the time when primary
R/R status (index date) was achieved; (3) treat-
ment regimens from index date until end of
follow-up (e.g., treatment sequence, response to
treatment, and rate of hematopoietic stem cell
transplantation [HSCT]) in patients with R/R
FLT3-mutated AML not participating in clinical
trials; (4) OS in patients with R/R FLT3-mutated
AML (stratified by participation in a clinical trial
or treatment with HSCT) from the index date;
and (5) EFS in patients with R/R FLT3-mutated
AML (Midi-Pyrénées cohort only; stratified by
participation in a clinical trial) from the index
date.

Data Sources and Variables

The Midi-Pyrénées registry was launched in the
year 2000. Comorbidity data in this registry
were collected only in patients aged 60 years or
older, and data on healthcare resource utiliza-
tion (HRU) were not systematically collected.
The Hauts-de-France registry was launched in
2008 in Lille and nine additional hospitals in
the Hauts-de-France region were incorporated
in 2009. This registry does not include data on
HRU, and data related to comorbidities and
elderly patients ineligible for induction
chemotherapy are limited.

The following variables were extracted from
the two registries to meet the objectives of the
study: patient age, FLT3 mutation status, primary
R/R status, and index date (objective 1); patient
demographics, characteristics of AML disease,
clinical characteristics, and treatment character-
istics (objective 2); participation in a clinical trial,
salvage therapy, treatment response, HSCT and
time to HSCT, date of death, and OS (objective 3);
date of death and OS from index date until the
end of the follow-up (objective 4); date of event
and EFS from the index date until the date of
documented relapse, treatment failure, or death
from any cause (objective 5).

Response Definitions

Treatment response was defined as the
achievement of complete remission or complete
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remission with incomplete hematologic recov-
ery (CR/CRi). First relapse was defined as
hematologic relapse after achieving CR/CRi
with first-line treatment. In the Midi-Pyrénées
registry, primary refractory AML was defined as
an absence of CR after one cycle of intensive
induction therapy, excluding death from apla-
sia or an undetermined cause. In the Hauts-de-
France registry, primary refractory AML was
defined as an absence of CR after one cycle of
induction chemotherapy and one cycle of first-
line salvage chemotherapy, excluding death
from aplasia or an undetermined cause.

OS was defined as the time from the index
date to the date of death or censored event (loss
to follow-up or end of study period). EFS was
defined as the time from the index date to the
date of documented relapse, treatment failure,
or death due to any cause during the study
period. Patients who were lost to follow-up were
censored at the date of loss of follow-up or the
end of the study period, whichever came first.

Data Analysis

As a result of the variation in patient profiles
between the two registries, data were analyzed
separately for the Midi-Pyrénées and Hauts-de-
France cohorts. Demographic characteristics,
treatment regimens, and response rates were
reported as frequency and percentage. Median
OS and EFS and associated interquartile ranges
(IQR) were estimated using the Kaplan–Meier
method. For patients with R/R FLT3-mutated
AML, OS was stratified according to whether
patients had participated in clinical trials and
by HSCT status. Statistical analyses were
descriptive, and no hypothesis testing was
performed.

RESULTS

Proportion of Patients with AML and FLT3
Mutations

Overall, 819 of the 2282 patients (35.9%) diag-
nosed with AML from the Midi-Pyrénées reg-
istry and 1244 of the 1953 patients (63.7%)

diagnosed with AML from the Hauts-de-France
registry were eligible for inclusion in the study
(Table 1). In the Midi-Pyrénées and Hauts-de-
France cohorts, 172 (21.0%) and 263 (21.1%) of
the eligible patients, respectively, had a docu-
mented FLT3 mutation (Table 1). A total of 71
patients in the Midi-Pyrénées cohort and 91 in
the Hauts-de-France cohort had documented
R/R AML; 61 (85.9%) and 81 (89.0%) of these
patients, respectively, acquired R/R status with
an index date on or before December 31, 2017.

Demographic and Clinical Characteristics
of Patients with FLT3-Mutated R/R AML

Midi-Pyrénées Cohort
The median age at AML diagnosis was
61.0 years; the median age at the index date was
61.7 years. Most patients were female (54.1%)
with de novo AML (82.0%) and intermediate 1

Table 1 Study populations

Midi-
Pyrénées
cohort

Hauts-
de-France
cohort

Patients in the database with

AML diagnosis

2282 1953

AML diagnosisa C January 1,

2009

819 (35.9) 1244 (63.7)

FLT3 mutation 172 (21.0) 263 (21.1)

Relapsed/refractory status 71 (41.3) 91 (34.6)

Index dateb B December 31,

2017

61 (85.9) 81 (89.0)

Results are expressed as n (%); the number in the row
above is used as the denominator for the percentage
calculation
AML acute myeloid leukemia, FLT3 FMS-like tyrosine
kinase 3
aWith a FLT3 test record and without acute promyelocytic
leukemia
bDate at which patients gained primary relapsed/refractory
status for AML
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Table 2 Demographic and clinical characteristics at diagnosis or index date and treatment characteristics before the index
date

Midi-Pyrénées cohort
(N = 61)

Hauts-de-France cohort
(N = 81)

Age (years) at diagnosis

Mean (SD) 58.2 (14.6) 53.5 (14.7)

Median (IQR) 61.0 (50–70) 55.7 (44–64)

C 65, n (%) 20 (32.8) 19 (23.5)

Age (years) at index

Mean (SD) 59.1 (14.6) 54.4 (14.7)

Median (IQR) 61.7 (53–71) 56.9 (45–65)

C 65, n (%) 23 (37.7) 17 (21.0)

Female sex, n (%) 33 (54.1) 46 (56.8)

Type of acute myeloid leukemia, n (%)

De novo 50 (82.0) 75 (92.6)

Other 10 (16.4) 5 (6.2)

Secondary 1 (1.6) 1 (1.2)

Cytogenetic risk status (ELN 2010), n (%)

Favorable 4 (6.6) –

Intermediate 1 48 (78.7) –

Intermediate 2 7 (11.5) –

Not calculable 2 (3.3) –

ECOG performance status at diagnosis, n (%)

\ 2 38 (62.3) 15 (18.5)

C 2 17 (27.9) 9 (11.1)

Missing 6 (9.8) 57 (70.4)

ECOG performance status at index date, n (%)

\ 2 36 (59.0) –

C 2 8 (13.1) –

Missing 17 (27.9) –

Type of chemotherapy, n (%)

Idarubicin–cytarabine 20 (32.8) 7 (8.6)

Daunorubicin–cytarabine 13 (21.3) 29 (35.8)

Idarubicin–cytarabine–lomustine 24 (39.3) 0

Other 1 (1.6) 45 (55.6)
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cytogenetic risk status (78.7%) (ELN 2010 cri-
teria) (Table 2). Proportions of patients with an
Eastern Cooperative Oncology Group (ECOG)
performance status\2 were similar at the time
of diagnosis (62.3%) and at the index date
(59.0%). Comorbidity data were available for 32
(52.5%) patients aged 60 years or older at the
time of diagnosis. The most common comor-
bidities were high blood pressure (37.5%), his-
tory of cardiovascular disease (34.4%), diabetes
(12.5%), and history of cancer (12.5%); almost
two-thirds (65.6%) of these patients had a
Charlson Comorbidity Index score of 0.

Hauts-de-France Cohort
The median age was 55.7 years at the time of
AML diagnosis and 56.9 years at the index date
(Table 2). Most patients were female (56.8%)
with de novo AML (92.6%). Data related to
ECOG performance status at the date of diag-
nosis were missing for most patients (70.4%).

Treatments Before Acquiring R/R Status
and Outcomes

Midi-Pyrénées Cohort
Of the 61 patients with FLT3-mutated R/R AML,
most received intensive induction chemother-
apy with idarubicin–cytarabine combination
regimens: 20 patients (32.8%) received an
idarubicin–cytarabine combination regimen
and 24 (39.3%) received an idarubicin–cytara-
bine–lomustine combination regimen. A
daunorubicin–cytarabine combination regimen
was administered in 13 (21.3%) patients
(Table 2). In addition to intensive chemother-
apy, 40 (65.6%) patients received hydroxyurea
and 24 (39.3%) received dexamethasone before
the index date.

Achievement of CR/CRi with induction
chemotherapy before the index date was
reported in 50 (82.0%) patients; 11 (18.0%) of
these patients also received allogeneic HSCT

Table 2 continued

Midi-Pyrénées cohort
(N = 61)

Hauts-de-France cohort
(N = 81)

Missing 3 (4.9) 0

Hydroxyurea, n (%) 40 (65.6) 20 (24.7)

Missing 0 5 (6.2)

Dexamethasone, n (%) 24 (39.3) –

Missing 36 (59.0) –

Autologous HSCT, n (%) 1 (1.6) –

Allogeneic HSCT, n (%) 11 (18.0) 13 (16.1)

Treatment response, n (%)

Complete remission with complete hematologic recovery 45 (73.8) 76 (93.8)

Complete remission with incomplete hematologic recovery 5 (8.2) 3 (3.7)

Failure 11 (18.0) 2 (2.5)

Complete remissiona and HSCT before relapsed/refractory

status, n (%)

11 (18.0) 13 (16.0)

ECOG Eastern Cooperative Oncology Group, ELN European Leukemia Net, HSCT hematopoietic stem cell transplan-
tation, IQR interquartile range
aComplete or incomplete hematologic recovery

Oncol Ther (2023) 11:375–389 381



Table 3 Treatments in patients with FLT3-mutated AML after achievement of primary R/R status (population of patients
not participating in clinical trials)

Midi-Pyrénées cohort
(N = 42)a

Hauts-de-France
cohort (N = 32)b

Salvage therapy, n (%) 31 (73.8) 31 (96.9)

Missing 11 (26.2) 1 (3.1)

Type of salvage therapy, n (%)

Palliative care 0 9 (28.1)

Amsacrine plus cytarabine 1 (2.4) 8 (25.0)

High-dose cytarabine 6 (14.3) 2 (6.3)

Demethylating agents (azacitidine or decitabine) 0 6 (18.8)

Intensive chemotherapy plus gemtuzumab ozogamicin 1 (2.4) 2 (6.3)

Anthracycline plus cytarabine 2 (4.8) 0

Fludarabine plus high-dose cytarabine and novantrone 0 1 (3.1)

Others 19 (45.2) 3 (9.4)

Not applicable 0 1 (3.1)c

Missing 13 (31.0) 0

Allogeneic HSCT, n (%) 8 (19.1) 9 (28.1)

Missing 33 (78.6) 8 (25.0)

Autologous HSCT, n (%) 0 –

Missing 42 (100) –

Time (months) to HSCT after relapse, median (IQR) 4.0 (1–5) 3.5 (1–6)

Response to salvage therapy, n (%)

Complete remission with complete hematologic recovery 5 (11.9) Not reported

Complete remission with complete or incomplete hematologic recovery 14 (33.3) 9 (28.1)

Failure 10 (23.8) 22 (68.8)

Missing 18 (42.9) 1 (3.1)

Results are presented as n (%)
HSCT hematopoietic, FLT3 FMS-like tyrosine kinase 3
aPatients who did not participate in clinical trials prior to becoming relapsed or refractory
bPatients who did not participate in clinical trials at any time point
cOne patient had no first relapse and this outcome was therefore considered as ‘‘not applicable’’
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before the index date. One patient (1.6%)
received autologous HSCT before the index date
but did not achieve CR/CRi.

Hauts-de-France Cohort
Among the 71 patients with R/R FLT3-mutated
AML, the most common induction
chemotherapy regimens were idarubicin–cy-
tarabine–lomustine (n = 45, 55.6%) and
daunorubicin–cytarabine (n = 29, 35.8%)
(Table 2). Idarubicin–cytarabine (n = 7, 8.6%)
and other types of induction chemotherapy
were administered in the setting of clinical trials
for 45 (55.6%) patients (Table 2); 28 (62.2%) of
these 45 patients received daunorubicin–cy-
tarabine combination regimens either in the
comparator or in the interventional arm. In
addition to intensive chemotherapy, hydrox-
yurea was administered in 20 (24.7%) patients
before the index date.

Most patients (n = 79, 97.5%) achieved CR/
CRi before the index date, including 76 (93.8%)
patients who achieved CR. Of the 79 patients
who achieved CR/CRi after intensive induction
chemotherapy, 13 (16.0%) also received allo-
geneic HSCT before the index date. Most
patients (n = 66, 81.5%) received consolidation
therapy, most frequently with high-dose
cytarabine (n = 34/66, 51.5%).

Eight patients received salvage therapy as
first-line therapy; seven of these patients
received high-dose cytarabine (high-dose
cytarabine plus amsacrine, n = 5; high-dose
cytarabine plus anthracycline, n = 1; high-dose
cytarabine, n = 1).

Treatments After the Index Date
and Outcomes

Midi-Pyrénées Cohort
Of the 42 patients with R/R FLT3-mutated AML
who did not participate in a clinical trial, 31
(73.8%) received salvage therapy after the index
date (Table 3). Salvage treatments were highly
variable with six patients receiving high-dose
cytarabine, two patients receiving anthracycline
plus cytarabine, and the remaining 21 patients
receiving a range of other therapies. Data rela-
ted to allogeneic HSCT after acquiring primary

R/R status were missing for most patients
(78.6%) (Table 3). Eight patients received allo-
geneic HSCT after reaching primary R/R status
and the median time to allogeneic HSCT in
these patients was 4.0 months after the index
date. Information on autologous HSCT treat-
ment after the index date was missing for all
patients.

Fourteen of the 42 patients (33.3%) achieved
CR/CRi after salvage therapy (Table 3). Five of
these 14 patients achieved CR, salvage therapy
failed in 10 (23.8%) patients, and data were
missing for 18 (42.9%) patients.

Hauts-de-France Cohort
Of the 32 patients with R/R FLT3-mutated AML
who did not participate in a clinical trial, 31
(96.9%) received post-index therapy, which
included palliative care (n = 9), amsacrine plus
cytarabine (n = 8), demethylating agents
(n = 6), high-dose cytarabine (n = 2), intensive
chemotherapy plus gemtuzumab ozogamicin
(n = 2), fludarabine plus high-dose cytarabine
plus novantrone (n = 1), and others (n = 3).
Nine (28.1%) patients received allogeneic HSCT
after the index date, and the median time to
allogeneic HSCT in these patients was
3.5 months after the index date. Nine (28.1%)
patients achieved CR/CRi after salvage treat-
ment and treatment failure was reported in 22
(68.8%) patients (Table 3).

OS After the Index Date

Midi-Pyrénées Cohort
Of the 49 patients with R/R FLT3-mutated AML
who were analyzed for OS, 38 (77.6%) died after
the index date. The median survival time was
5.2 (IQR 2.3–11.1) months (Fig. 1). Twenty-five
(80.6%) of the 31 patients who did not partici-
pate in a clinical trial and 13 (72.2%) of the 18
patients who participated in a trial had died;
median OS was 4.9 (IQR 1.5–9.4) months and
6.4 (IQR 2.6–17.3) months, respectively.

Ten (90.9%) of the 11 patients who received
HSCT and 28 (73.7%) of the 38 patients who did
not receive HSCT had died; median OS was 7.6
(IQR 2.7–12.9) months and 4.9 (IQR 1.6–9.9)
months, respectively.
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Hauts-de-France Cohort
Of the 78 patients with R/R FLT3-mutated AML
who were analyzed for OS, 54 (69.2%) patients
died after the index date; median OS was 6.1
(IQR 2.5–35.2) months (Fig. 2). Twenty-four
(75.0%) of 32 patients who did not participate
in a clinical trial and 40 (87.0%) of 46 patients
who participated in a trial had died; median OS
was 3.8 (IQR 2.1–21.9) months and 7.5 (IQR
3.6–NA) months, respectively.

Twenty-four (36.9%) of 65 patients who did
not receive HSCT and 10 (76.9%) of 13 patients
who received HSCT had died; median OS was
7.0 (IQR 2.4–35.2) months and 6.1 (IQR
3.6–18.5) months, respectively.

EFS After Index Date

Analysis of EFS was limited to the Midi-Pyrénées
cohort. Of the 49 patients with R/R FLT3-

Fig. 1 Overall survival (OS) after the index date in the Midi-Pyrénées cohort. HSCT hematopoietic

Fig. 2 Overall survival (OS) after the index date in the Hauts-de-France cohort. HSCT hematopoietic
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mutated AML who were analyzed for EFS, 40
(81.6%) experienced an event after the index
date; median EFS was 2.3 (IQR 1.5–7.0) months
(Fig. 3). Overall, 18 of the 49 patients had par-
ticipated in a clinical trial and 31 had not;
respective numbers of patients who experienced
an event were 26 (83.9%) and 14 (77.8%),
respectively, and corresponding median EFS was
2.7 (IQR 1.0–6.8) months and 2.0 (IQR 1.6–12.9)
months, respectively.

DISCUSSION

Across both the Midi-Pyrénées and Hauts-de-
France cohorts, approximately 21% of adult
patients diagnosed with AML harbored a FLT3
mutation. These percentages were slightly lower
than those reported in the literature (approx.
30%) for patients with newly diagnosed AML
[5]. The percentages of patients with FLT3
mutations may have been underestimated in
our study because not all patients with AML
were systematically tested for FLT3 mutations,
despite ELN recommendations to do so. For
example, patients who were allocated to receive

supportive or palliative care were usually not
tested for FLT3 mutations [5].

The percentages of FLT3-mutated patients
who acquired R/R status were 41.3% in the
Midi-Pyrénées cohort and 34.6% in the Hauts-
de-France cohort. Other studies reported higher
rates of R/R AML ranging from approximately
40% to 60% [8, 21]. The lower incidence of R/R
AML reported in the current study may be
partly explained by the more stringent defini-
tion of refractory disease in the Hauts-de-France
cohort, where patients with refractory AML
were defined as those who failed both induction
chemotherapy and first-line salvage
chemotherapy.

Median ages at diagnosis of patients with
FLT3-mutated R/R AML in the Midi-Pyrénées
and Hauts-de-France cohorts (61.0 and
55.7 years, respectively) were lower than the
median age reported in the literature which is
generally over 65 years [21]. Elderly patients
with AML are less likely to receive induction
chemotherapy because of the increased risk of
toxicity and a poorer overall prognosis [21].
Since most patients in both cohorts received
induction chemotherapy, they may be younger
and healthier than the overall AML population.

Fig. 3 Event-free survival (EFS) after the index date in the Midi-Pyrénées cohort

Oncol Ther (2023) 11:375–389 385



Notably, the rates of CR/CRi after induction
chemotherapy (82.0% and 97.5%) in both reg-
istry cohorts were high, reflecting outcomes
typically observed in younger adult patients
[22].

In the Hauts-de-France cohort, induction
chemotherapy with the daunorubicin–cytara-
bine combination regimen was commonly pre-
scribed (35.8%), which was expected because it
remains the standard of care for induction
therapy [14]. Of the 45 patients in the Hauts-de-
France cohort who received induction
chemotherapy in clinical trials, 28 received
daunorubicin–cytarabine combination regi-
mens. In the Midi-Pyrénées cohort, daunoru-
bicin–cytarabine (21.3%), idarubicin–cytarabine
(32.8%), and idarubicin–cytarabine–lomustine
(39.3%) combinations were commonly pre-
scribed. Induction chemotherapy regimens
were largely consistent with ELN recommenda-
tions [14].

As noted in the ELN guidelines, no specific
salvage therapy has emerged as standard treat-
ment for R/R AML [14]. In the Midi-Pyrénées
cohort, 33.3% of patients achieved CR/CRi after
salvage therapy (CR, 11.9%; CRi, 21.4%). In the
Hauts-de-France cohort, 28.1% of patients
achieved CR/CRi. Overall, observed remission
rates were similar to those reported in adult
patients with R/R AML who received salvage
therapy (20–30%) [14].

For patients who received salvage therapy,
the median OS from the index date was
5.2 months (IQR 2.3–11.1) in the Midi-Pyrénées
cohort and 6.1 months (IQR 2.5–35.2) in the
Hauts-de-France cohort. Data from the litera-
ture reported a comparable OS after relapse
(6–8 months) for patients receiving conven-
tional salvage chemotherapy after acquiring R/R
status [12, 21]. For patients who received post-
index treatment, the median EFS from the
index date was 2.3 months (IQR 1.5–7.0).

The study has the typical limitations of a
retrospective study with possible unknown
selection biases. Clinical practices of hospitals
covered by these registries may differ from those
outside. Contributing hospitals may be often
located in large cities and affiliated with uni-
versities, and may more frequently administer
experimental treatments. In addition, the small

sample size limits extrapolation of the results to
the larger French AML population. As such, any
differences in survival outcomes between strat-
ified subgroups (participated or did not partici-
pate in a clinical trial; received or did not
receive HSCT) should be interpreted with cau-
tion because of the small size of the strata
sample. Not all variables of interest were
directly recorded in the registries, and some
were derived from available data (e.g., refractory
date and date of treatment failure). Although
derived variables may have induced biases
because they were based on certain assump-
tions, they provided access to data otherwise
unavailable. Information related to comorbidi-
ties was limited; it was not recorded in the
Hauts-de-France cohort or recorded only for
patients aged over 60 years in the Midi-Pyrénées
cohort. Factors such as ethnicity, smoking, and
chemical exposure can impact AML disease
profile and treatment response [3]; however,
these data were not systematically recorded in
either registry. Despite these limitations, find-
ings from this analysis provide valuable insight
into real-world treatment practices in patients
with R/R FLT3-mutated AML prior to the avail-
ability of FLT3-targeted therapies. We observed
poor response and survival outcomes with
existing salvage chemotherapy regimens in this
historical population, which concurs with evi-
dence reported in clinical trials during the same
period.

CONCLUSION

In the era prior to the availability of FLT3-tar-
geted therapy, real-world results in patients
with AML and R/R FLT3-mutated AML from two
French registries reflect pre-established demo-
graphic and disease characteristics and treat-
ment reflected the recommended standard of
care for induction chemotherapy. After patients
acquired R/R status, remission rates worsened
and OS was reduced to less than 6 months,
which was consistent with previously reported
findings. This study provides an insightful first
look at real-world treatment practices and out-
comes in a FLT3-mutated AML population and
underlines the dismal prognosis of patients with
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R/R FLT3-mutated AML in the absence of FLT3-
targeted therapy.
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