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ABSTRACT

Introduction:  FMS-like tyrosine kinase 3 (FLT3) 
mutations show variable detectability in relapse/
refractory acute myeloid leukemia (AML) with 
unclear clonal evolution dynamics.

Methods:  This prospective noninterventional 
study examined clonal evolution and outcomes 
from AML diagnosis to relapse/refractory disease 
occurrences.
Results:  Of 650 patients included, 172 were 
FLT3-positive (FLT3pos) and 472 were FLT3-
negative (FLT3neg; 99.1% testing rate; unknown 
FLT3 status, six patients). At first occurrence, the 
FLT3 testing rate decreased (57.0% [166/291]). 
Among tested patients, 45 had FLT3pos and 
121 had FLT3neg AML. A gain or loss of muta‑
tions was seen in 15.6% (7/45) of patients with  
FLT3pos AML and 14.9% (18/121) of patients 
with FLT3neg AML. Median (95% confidence 
interval [CI]) overall survival was 22.8 (19.6, not 
estimable [NE]) months across patients (FLT3pos, 
NE;FLT3neg, 20.3 [15.2–23.7] months; hazard 
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ratio [HR] [95% CI] 0.6 [0.5–0.8]). Median (95% 
CI) disease-free survival across patients was NE 
(26.3–NE) (FLT3pos, NE;FLT3neg, NE; HR [95% CI] 
0.8 [0.6–1.1]). Median event-free survival (95% 
CI) was 11.8 (10.0–15.5) months in all patients 
(FLT3pos, 17.2 [11.0–NE] months;FLT3neg, 10.4 
[8.4–13.2] months; HR [95% CI] 0.8 [0.6–1.0]).

Conclusions:  Dynamic changes in FLT3 muta‑
tion status were observed during these patients’ 
disease course. FLT3pos status at baseline, but not 
at first occurrence, was associated with improved 
outcomes; other confounders should be consid‑
ered. Timelier FLT3 mutation retesting may aid 
in personalizing treatment. Graphical abstract 
available for this article.
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Graphical Abstract: 
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Key Summary Points 

Why carry out this study?

Patients with acute myeloid leukemia (AML) 
carrying FMS-like tyrosine kinase 3 (FLT3) 
mutations display clonal evolution over the 
course of their disease.

This study intended to quantify clonal evolu‑
tion of FLT3 mutations in patients with AML, 
and to identify factors associated with clonal 
evolution.

Patient survival was also evaluated in terms 
of clonal evolution.

What was learned from the study?

At first occurrence of relapsed/refractory 
disease, FLT3 testing was not consistently 
performed; however, approximately 15% of 
patients tested had gained or lost FLT3 muta‑
tions, highlighting the need for retesting.

A deeper understanding of FLT3 clonal evolu‑
tion and its clinical consequences in AML is 
needed to optimize treatment for patients 
with FLT3pos AML.

DIGITAL FEATURES

This article is published with digital features, 
including a graphical abstract, to facilitate 
understanding of the article. To view digital fea‑
tures for this article, go to https://​doi.​org/​10.​
6084/​m9.​figsh​are.​31347​682.

INTRODUCTION

Mutations in the FMS-like tyrosine kinase 3 
(FLT3) gene are some of the most common in 
acute myeloid leukemia (AML). They are found 
in approximately one-third of patients [1], 

most commonly as internal tandem duplica‑
tions (ITD) (FLT3-ITD, 19–25% [2, 3] of adult 
patients), or tyrosine kinase domain point muta‑
tions (TKD) (FLT3-TKD, 5–6% of adult patients) 
[3, 4]. Frequency of FLT3 mutations decreases 
with age after adulthood [2, 3]. Nevertheless, 
a substantial proportion of older patients with 
AML have FLT3 mutations [3, 5].

FLT3-ITD mutations are associated with 
poorer clinical outcomes [6, 7]. The prognostic 
impact of FLT3-TKD mutations is unclear; how‑
ever, they have been associated with acquired 
resistance to FLT3 inhibitors [8, 9]. FLT3 muta‑
tions often arise as secondary events in leukemic 
transformation [10] and may not be consistently 
present throughout the disease course [11]; thus, 
testing is important at every disease stage.

Currently, genetic testing is recommended at 
diagnosis for all patients with AML to identify 
targeted therapies [12], and should be repeated 
at relapse or disease progression, highlighting 
the potential of clonal evolution [12]. Despite 
this recommendation and the availability of 
FLT3 inhibitors [12, 13], FLT3 testing is still 
not consistently performed at relapse or disease 
progression [14]. Moreover, the impact of FLT3 
clonal evolution is poorly understood, and a 
better understanding of its dynamics and clini‑
cal consequences is necessary to aid in optimal 
treatment selection for patients with FLT3-
mutated AML. This prospective study aimed to 
characterize FLT3 clonal evolution from AML 
diagnosis through disease progression.

METHODS

Ethics

This study adhered to International Council 
for Harmonisation guidelines for Good Clini‑
cal Practice, the Declaration of Helsinki, and 
applicable regulations. A full list of all insti‑
tutional ethics committee (IEC)/institutional 
review board (IRB) approval dates and numbers 
is provided in Supplementary Table 1. Writ‑
ten informed consent was obtained from all 
patients. The protocol and relevant documents 
were approved by the IRBs/IECs at each study 
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site. Data were analyzed by the sponsor, with all 
authors having access to the study data.

Study Design

This was a prospective, noninterventional study 
of the clonal evolution of FLT3 mutations during 
disease progression in patients with newly diag‑
nosed AML (CLEVO) recruited from 57 oncology 
or hematology/oncology specialist sites across 
Europe (Belgium, France, Germany, Italy, Spain, 
and the UK), Israel, and the USA (Fig. 1). Patients 
were enrolled over 20 months starting from Sep‑
tember 2020 with a planned 3-year follow-up 
from the date of informed consent until early 
discontinuation or death, whichever occurred 
first.

Patients were treated according to the local 
standard of care at the investigator’s discretion. 
Two interim analyses were planned at approxi‑
mately 1 and 3 years after the study initiation. 
Following the second interim analysis [15], the 
study was terminated by the sponsor because 
patient enrollment was complete, and 43.8% 
(n = 258/589) of patients had experienced a 
first occurrence event (defined as relapse and/
or refractory event) to treatment with an FLT3 
testing rate of 97.7%. Only 89 patients were 
alive with a record of a first occurrence, and 
there was a lower FLT3 testing rate and patient 
survival from the second occurrence onward. 
As a result, it was determined that continuing 
the study would not contribute significantly to 

the assessment of the primary endpoint. Thus, 
the data collection period ended on 16 February 
2024 instead of 15 May 2025.

Patients

Eligible patients were adults (≥ 18 years) who 
received an AML diagnosis according to the 
World Health Organization (WHO) 2016 clas‑
sification [16]. Additional inclusion and exclu‑
sion criteria and genetic and cytogenetic test‑
ing methods are listed in the Supplementary 
Methods.

Objectives and Endpoints

The primary objective was to determine FLT3 
clonal evolution in patients with AML through‑
out their disease course, defined as the propor‑
tion of patients with FLT3 mutation-positive 
(FLT3pos) AML, which was previously negative 
(FLT3neg), or vice versa. The primary endpoint 
was the proportion of patients with FLT3 clonal 
evolution assessed at consecutive occurrences.

Secondary objectives were to describe FLT3 
mutations, cytogenetic abnormalities, other 
AML mutations, patient survival, and compos‑
ite complete remission (CRc). Secondary end‑
points and post hoc analyses are described in 
the Supplementary Methods and Supplementary 
Table 2.

Fig. 1   Study design. aGenetic testing was performed prior to the initiation of AML treatment. bGenetic testing was per-
formed at relapse or refractory events. AML acute myeloid leukemia, FLT3 FMS-like tyrosine kinase 3, SoC standard of care
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Statistical Analyses

This study was descriptive without prespecified 
statistical hypotheses. No formal statistical test‑
ing was performed, and no p-values are reported. 
All comparisons were exploratory. All endpoints 
were analyzed using the full analysis set (FAS; 
all patients with ≥ 1 data point after enrollment). 
For the primary and secondary endpoint analy‑
sis, baseline period was defined as the period 
from the first assessment at enrollment until first 
occurrence. Baseline values corresponded to the 
value of assessment at enrollment. Additional 
details on sample size calculations, statistical 
analyses, and post hoc analyses are provided in 
the Supplementary Methods.

RESULTS

Patient Disposition

In total, 675 patients signed informed consent 
forms; of those, 650 were enrolled and included 
in the FAS, and 25 failed screening (Supplemen‑
tary Fig. 1). A total of 12 patients (1.8%) com‑
pleted the 3-year follow-up. The most common 
reasons for study discontinuation were death 
(327/650 [50.3%]) and early termination of 
the study owing to sponsor decision (286/650 
[44.0%]).

Baseline Characteristics and Demographics

At baseline (i.e., period from enrollment to 
first occurrence), 172/650 (26.5%) patients had  
FLT3pos AML, 472/650 (72.6%) had FLT3neg AML, 
and 6/650 (0.9%) had an unknown FLT3 status 
(Table 1). The median (range) age for patients 
with FLT3pos and FLT3neg AML was 59.0 (22–87) 
years and 67.0 (19–93) years, respectively. Most 
(481/650 [74.0%]) patients had de novo AML. 
Intermediate and adverse risk patients made up 
38.4% (66/172) and 15.1% (26/172) of patients 
with FLT3pos AML, respectively, and 30.7% 
(145/472) and 34.3% (162/472) of patients with 
FLT3neg AML, per European LeukemiaNet (ELN) 

2017 [17] criteria. Of 172 patients with FLT3pos 
AML, 124 (72.1%) had FLT3-ITD, and 49 (28.5%) 
had FLT3-TKD.

AML Treatment Received at Baseline

Among those with known mutational status, 
the most common treatment during baseline 
was high-intensity chemotherapy alone (FLT-
3pos, 48/172 [27.9%]; FLT3neg, 193/472 [40.9%]; 
total, 241/644 [37.4%]). In patients with FLT3pos 
and FLT3neg AML, high-intensity chemotherapy 
plus FLT3 inhibitors (FLT3pos, 67/172 [39.0%]; 
FLT3neg, 0/472 [0%]; total, 67/650 [10.4%]) and 
hypomethylating agent (HMA) plus veneto‑
clax (FLT3pos, 17/172 [9.9%]; FLT3neg, 101/472 
[21.4%]; total, 119/644 [18.5%]) were the sec‑
ond most common, respectively (Supplementary 
Table 3). Overall, 54/644 (8.4%) patients under‑
went a hematopoietic stem cell transplanta‑
tion (FLT3pos, 18/172 [10.5%]; FLT3neg, 36/472 
[7.6%]).

FLT3 Testing

FLT3 testing rates decreased with each occur‑
rence. In total, 291 patients had a first occur‑
rence, of which 166 (57.0%) had FLT3 testing 
at baseline; at second occurrence (n = 47), FLT3 
testing rate was 61.7% (29/47). Polymerase chain 
reaction (PCR) was the most common FLT3 test‑
ing method at baseline (72.9% [474/650]) and 
at first occurrence (41.6% [121/291]). Next-gen‑
eration sequencing (NGS) was used in 19.2% 
(125/650) and 4.5% (13/291) of patients at base‑
line and first occurrence, respectively. A small 
proportion of patients were tested with other, 
not specified methods (Table 2).

Clonal Evolution

At first occurrence, 45/166 (27.1%) and 121/166 
(72.9%) patients had FLT3pos and FLT3neg AML, 
respectively. Of 45 patients with FLT3pos AML, 
1 had missing FLT3 testing data at first occur‑
rence, 37 (82.2%) were previously FLT3pos, and 
7 (15.6%) were previously FLT3neg and thus 
gained a mutation (Fig. 2). In total, 32 patients 
had FLT3-ITD AML at first occurrence; of these, 
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Table 1   Patient baseline characteristics (FAS)

Characteristic FLT3pos

(n = 172)
FLT3neg

(n = 472)
Unknown/missing
(n = 6)

Total
(n = 650)

Sex, n (%)

 Female 84 (48.8) 205 (43.4) 1 (16.7) 290 (44.6)

 Male 88 (51.2) 267 (56.6) 5 (83.3) 360 (55.4)

Age, years

 Mean (SD) 58.8 (15.2) 63.9 (14.5) 78.8 (8.8) 62.7 (14.9)

 Median (range) 59.0 (22–87) 67.0 (19–93) 77.5 (67–94) 64.5 (19–94)

Country, n (%)

 Belgium 14 (8.1) 31 (6.6) 0 45 (6.9)

 France 30 (17.4) 43 (9.1) 0 73 (11.2)

 Germany 4 (2.3) 15 (3.2) 0 19 (2.9)

 Israel 13 (7.6) 69 (14.6) 1 (16.7) 83 (12.8)

 Italy 49 (28.5) 161 (34.1) 1 (16.7) 211 (32.5)

 Spain 36 (20.9) 114 (24.2) 4 (66.7) 154 (23.7)

 UK 22 (12.8) 32 (6.8) 0 54 (8.3)

 USA 4 (2.3) 7 (1.5) 0 11 (1.7)

AML diagnosis, n (%)

 De novo 151 (87.8) 327 (69.3) 3 (50.0) 481 (74.0)

 Secondary AML 20 (11.6) 145 (30.7) 3 (50.0) 168 (25.8)

 Missing 1 (0.6) 0 0 1 (0.2)

Diagnosis method, n (%)

 Bone marrow 147 (85.5) 439 (93.0) 5 (83.3) 591 (90.9)

 Blood smear 24 (14.0) 33 (7.0) 1 (16.7) 58 (8.9)

 Missing 1 (0.6) 0 0 1 (0.2)

ELN 2017 risk category, n (%)

 Favorable 40 (23.3) 94 (19.9) 0 134 (20.6)

 Intermediate 66 (38.4) 145 (30.7) 2 (33.3) 213 (32.8)

 Adverse 26 (15.1) 162 (34.3) 3 (50.0) 191 (29.4)

 Not available 38 (22.1) 70 (14.8) 1 (16.7) 109 (16.8)

 Missing 2 (1.2) 1 (0.2) 0 3 (0.5)

FLT3 mutationsa, n (%)

 ITD 124 (72.1) N/A N/A 124 (19.1)
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31 retained their FLT3-ITD mutations from 
baseline, 1 patient lost their FLT3-ITD muta‑
tion but gained a FLT3-TKD mutation, and 
1 patient retained their FLT3-ITD mutation 
but also gained a FLT3-TKD mutation. Seven 
patients had FLT3-TKD mutations at first occur‑
rence; of these, 5 patients retained their FLT3-
TKD mutations from baseline, 2 patients lost 
their FLT3-TKD mutations, but gained a FLT3-
ITD mutation, 1 patient retained their FLT3-
TKD mutation and gained a FLT3-ITD muta‑
tion, and 1 patient gained another type of 
FLT3 mutation in addition to their FLT3-TKD 
mutation. Of the 7 patients with FLT3neg AML 
at baseline who gained a FLT3 mutation at first 
occurrence, all gained FLT3-ITD mutations. Of 
121 patients with FLT3neg AML at baseline, 103 
(85.1%) remained FLT3neg and 18 (14.9%) were 
previously FLT3pos (FLT3-ITD, n = 18; FLT3-TKD, 
n = 17; other FLT3 mutations, n = 17; counts not 

mutually exclusive as patients may have had 
more than 1 type of FLT3 mutation) and thus 
lost a mutation. Of 29 patients with a second 
occurrence and FLT3 testing, 9 and 20 were 
FLT3pos and FLT3neg, respectively. Of 9 patients 
with FLT3pos AML, 1 had missing FLT3 testing 
data, 6 (66.7%) were previously FLT3pos, and 2 
(22.2%) gained a mutation. In the 6 patients 
who retained their FLT3 mutation from first 
occurrence, 5 had FLT3-ITD AML and 1 had 
FLT3-TKD AML. In the 2 patients who gained 
FLT3 mutations from first occurrence, 1 had 
FLT3-ITD AML and 1 had FLT3-TKD AML. Of 20 
patients with FLT3neg AML, 5 had missing FLT3 
testing data, 11 (55.0%) remained negative, and 
4 (20.0%) lost their mutation (all patients with 
FLT3-ITD mutations). At first and second occur‑
rence, a small subset of patients gained or lost 
other types of FLT3 mutations.

Table 1   continued

Characteristic FLT3pos

(n = 172)
FLT3neg

(n = 472)
Unknown/missing
(n = 6)

Total
(n = 650)

 TKD 49 (28.5) N/A N/A 49 (7.5)

 Other FLT3 mutations 11 (6.4) N/A N/A 11 (1.7)

Cytogenetics, n/N (%)

 Not assessed 13/172 (7.6) 18/472 (3.8) 0 31/650 (4.8)

 Normal karyotype 112/169 (66.3) 205/461 (44.5) 1/2 (50.0) 318/632 (50.3)

 t (8;21) 5/169 (3.0) 12/461 (2.6) 0 17/632 (2.7)

 t (15;17) 1/169 (0.6) 1/461 (0.2) 0 2/632 (0.3)

 Inv (16) 5/169 (3.0) 17/461 (3.7) 0 22/632 (3.5)

 t (16; 16) 0 2/461 (0.4) 0 2/632 (0.3)

 Monosomy 4/169 (2.4) 34/461 (7.4) 0 38/632 (6.0)

 Complex karyotype 8/169 (4.7) 96/461 (20.8) 1/2 (50.0) 105/632 (16.6)

 Other 26/169 (15.4) 104/461 (22.6) 0 130/632 (20.6)
 Missing 3/172 (1.7) 11/472 (2.3) 4/6 (66.7) 18/650 (2.8)

a Patients may have tested positive for > 1 FLT3 mutation
AML acute myeloid leukemia, ELN European LeukemiaNet, FAS full analysis set, FLT3  FMS-like tyrosine kinase 
3, inv inversion, ITD internal tandem duplication, N/A not available, neg negative, pos positive, SD standard deviation, TKD 
tyrosine kinase domain point mutation
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Table 2   Method of FLT3 mutation testing (FAS)

a FLT3 assessment status was not available for 1 patient
FAS full analysis set, FLT3 FMS-like tyrosine kinase 3, neg negative, NGS next-generation sequencing, PCR polymerase 
chain reaction, pos positive

n (%) FLT3pos FLT3neg Unknown/missing Total

Genetic status available at 
baseline, N

172 472 6 650

 PCR 121 (70.3) 353 (74.8) 0 474 (72.9)

 NGS 37 (21.5) 88 (18.6) 0 125 (19.2)

 Other 12 (7.0) 27 (5.7) 0 39 (6.0)

 Missing 2 (1.2) 4 (0.8) 6 (100.0) 12 (1.8)

Genetic status available at 
1st occurrence, N

45 121 125a 291a

 PCR 33 (73.3) 87 (71.9) 1 (0.8) 121 (41.6)

 NGS 4 (8.9) 9 (7.4) 0 13 (4.5)

 Other 3 (6.7) 5 (4.1) 3 (2.4) 11 (3.8)
 Missing 5 (11.1) 20 (16.5) 120 (96.0) 145 (49.8)

Fig. 2   FLT3 mutation gain and loss in consecutive relapse or refractory occurrences (FAS). FAS full analysis set, FLT3 
FMS-like tyrosine kinase 3, neg negative, pos positive
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Multivariate Logistic Regression Analyses

In a post hoc multivariate logistic regression 
analysis, baseline demographic and clinical 
characteristics such as age, sex, Eastern Coopera‑
tive Oncology Group performance status, ELN 
risk, other genetic mutations, and AML treat‑
ment showed no statistical significance with 
either FLT3 mutation gain or loss (Supplemen‑
tary Fig. 2).

FLT3 Mutation Characteristics and Other 
Genetic Mutations Associated with AML

In patients with FLT3-ITD mutations at baseline, 
the mean (standard deviation) allelic ratio was 
0.6 (0.9), and the mean mutation length was 
67.5 (84.8) base pairs (Supplementary Table 4). 
At subsequent occurrences, the mean allelic ratio 
decreased while the FLT3-ITD mutation length 
was variable.

At baseline, 423/650 (65.1%) patients had 
other genetic mutations associated with AML, 
of which nucleophosmin 1 (NPM1; 186/639 
[29.1%]) and isocitrate dehydrogenase 1/2 
(IDH1/2; 100/639 [15.6%]) were the most com‑
mon. NPM1 and IDH1/2 mutations remained the 
most common in subsequent occurrences (Sup‑
plementary Table 5).

Overall, Disease‑Free, and Event‑Free 
Survival

Among all patients with a baseline visit (n = 649), 
the median overall survival (OS) from baseline 
was not estimable (NE) in patients with FLT3pos 
AML (n = 171) and 20.3 (15.2–23.7) months in 
patients with FLT3neg AML (n = 472) (hazard 
ratio [HR] [95% CI] 0.6 [0.5–0.8). The median 
disease-free survival (DFS) from baseline was 
NE in both patients with FLT3pos (n = 137) and  
FLT3neg (n = 297) AML (HR [95% CI] 0.8 [0.6–1.1). 
The median event-free survival (EFS) from base‑
line was 17.2 (11.0–NE) months for FLT3pos 
(n = 142) and 10.4 (8.4–13.2) months for patients 
with FLT3neg (n = 317) AML (HR [95% CI] 0.8 
[0.6–1.0]). The survival results of all patients 
with a first occurrence are presented in Table 3. 

OS, DFS, and EFS results by treatment subgroups 
are presented in Supplementary Table 6.

Composite Complete Remission

At baseline, CRc was achieved by 396/650 
(60.9%) patients. A larger proportion of patients 
with FLT3pos AML (125/172 [72.7%]) achieved 
CRc compared with patients with FLT3neg AML 
(269/472 [57.0%]). CR was achieved by 350/650 
(53.8%) patients (FLT3pos, 109/172 [63.4%];  
FLT3neg, 239/472 [50.6%]). CRc rates at first 
occurrence are described in Supplementary 
Table 7. Data on patients who achieved CRc in 
different treatment subgroups are presented in 
Supplementary Table 8.

DISCUSSION

A deeper understanding of FLT3 clonal evolution 
and its clinical consequences in AML is needed 
to optimize treatment for patients with FLT3pos 
AML. This prospective, noninterventional study 
demonstrated that patients with AML undergo 
substantial clonal evolution over their disease 
course and are not tested in a timely manner.

In this study, > 10% of patients gained or lost 
FLT3 mutations at first occurrence of relapsed/
refractory (R/R) AML. In line with these results, 
previous studies in predominantly FLT3 inhib‑
itor-naive patient populations have reported 
clonal evolution rates of 6–22% [14, 18–20]. 
Interestingly, it has been previously reported 
that FLT3 mutations were acquired 6 times more 
often than lost [19]; however, here, the rate of 
gain or loss of FLT3 mutations was broadly simi‑
lar, potentially associated with higher exposure 
to FLT3 inhibitors in this patient population 
as evidenced by the rates of patients receiving 
high-intensity chemotherapy with FLT3 inhibi‑
tors. In patients with FLT3neg AML, gaining FLT-
3pos AML clones is a common mechanism of 
resistance to chemotherapy and targeted thera‑
pies [21]. In contrast, in patients with FLT3pos 
AML, FLT3 mutation loss and gain of off-target 
mutations may reflect a compensatory mecha‑
nism for leukemic cell survival and proliferation 
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Table 3   OS, DFS, and EFS at baseline and first occurrence (FAS)

FLT3pos FLT3neg Total

Baseline

 OS

  Baseline patients, N 171 472 649

  Deaths, n (%) 66 (38.6) 255 (54.0) 327 (50.4)

  Censored, n (%) 105 (61.4) 217 (46.0) 322 (49.6)

  Median (95% CI), monthsa NE (NE–NE) 20.3 (15.2–23.7) 22.8 (19.6–NE)

  Hazard ratio (95% CI)b 0.6 (0.5–0.8)

  3-year OS rate (95% CI) 59.3 (51.2–66.5) 41.6 (36.4–46.7) 45.9 (41.5–50.1)

 DFS

  Baseline patients who achieved CRc, N 137 297 436

  Relapses or deaths, n (%) 51 (37.2) 137 (46.1) 190 (43.6)

  Censored, n (%) 86 (62.8) 160 (53.9) 246 (56.4)

  Median (95% CI), monthsa NE (NE–NE) NE (18.0–NE) NE (26.3–NE)

  Hazard ratio (95% CI)b 0.8 (0.6–1.1)

  3-year DFS rate (95% CI) 59.7 (50.2–68.0) 51.5 (45.3–57.3) 53.7 (48.6–58.6)

 EFS

  Baseline patients in EFS analysis, N 142 317 461

  Events, n (%) 75 (52.8) 194 (61.2) 271 (58.8)

  Censored, n (%) 67 (47.2) 123 (38.8) 190 (41.2)

  Median (95% CI), monthsa 17.2 (11.0–NE) 10.4 (8.4–13.2) 11.8 (10.2–15.5)

  Hazard ratio (95% CI)b 0.8 (0.6–1.0)

  3-year EFS rate 46.1 (37.6–54.1) 37.3 (31.8–42.9) 39.9 (35.3–44.5)

1st occurrence

 OS

  Patients with first occurrence, N 45 121 291

  Deaths, n (%) 26 (57.8) 73 (60.3) 201 (69.1)

  Censored, n (%) 19 (42.2) 48 (39.7) 90 (30.9)

  Median (95% CI), monthsa 12.2 (5.9–NE) 9.0 (5.8–12.8) 5.9 (5.0–7.8)

  Hazard ratio (95% CI)b 0.8 (0.5–1.3)

 DFS

  Patients who achieved CRc after their first 
occurrence, N

19 46 94
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when adapting to FLT3 inhibition [22]. An 
analysis of the RATIFY and AMLSG 16–10 tri‑
als revealed that 46% of patients treated with 
midostaurin lost their FLT3-ITD mutation at R/R 
disease versus 19% of patients not treated with 
midostaurin [22]. Moreover, patients who lost 
their FLT3-ITD mutation acquired mutations in 
other signaling pathways [22]. A clearer under‑
standing of mutational factors involved in FLT3 
clonal evolution and their relationship with 
FLT3 inhibitors is needed.

Despite the availability of several FLT3 inhibi‑
tors and guideline recommendations for timely 
testing [12], a substantial number of patients 
(40%) had an unknown FLT3 testing status at 
first or second occurrence of R/R disease, suggest‑
ing a decrease in testing rates. These results were 
similar to real-world testing rates of 39–47% [14, 
20] in patients with R/R AML. In a small number 
of patients with FLT3-ITD data, the allelic ratio 
tended to decrease during progression, and the 
mutation length was variable. FLT3-ITD muta‑
tion length does not appear to have any prog‑
nostic impact [23]; however, treatment with 

FLT3 inhibitors is especially effective in patients 
with a high allelic ratio [24].

In addition to FLT3 mutations, other genetic 
mutations were observed in over half of the 
patient population at baseline, with a decrease 
in testing rates at subsequent occurrences. NPM1 
and IDH1/2 mutations were the most common 
at baseline and subsequent occurrences. These 
results were in line with what is known about 
AML, as NPM1 is the most commonly mutated 
gene in adult AML, and IDH1/2 mutations are 
associated with NPM1 mutations [25], while 
FLT3 and NPM1 are often co-mutated [26]. The 
presence of NPM1 and IDH1/2 mutations can 
help guide treatment decisions as several treat‑
ment strategies have been effective in the treat‑
ment of patients with NPM1 mutations [27], 
with others such as menin inhibitors being 
investigated [28]. Likewise, IDH inhibitors 
have demonstrated efficacy in the treatment of 
patients with R/R AML [29], further highlighting 
the need for additional genetic testing.

Compared with the established literature [11, 
30], here patients with FLT3pos AML had better 

a Based on Kaplan–Meier estimate
b Based on Cox proportional hazards model with FLT3 mutation status as the only explanatory variable. Assuming propor-
tional hazards, a hazard ratio > 1 indicates an increase in hazard rate for FLT3 positive status
DFS disease-free survival, CI confidence interval, CRc composite complete remission, EFS event-free survival, FAS full analy-
sis set, FLT3 FMS-like tyrosine kinase 3, NE not estimable, neg negative, OS overall survival, pos positive

Table 3   continued

FLT3pos FLT3neg Total

  Relapses or deaths, n (%) 8 (42.1) 17 (37.0) 39 (41.5)

  Censored, n (%) 11 (57.9) 29 (63.0) 55 (58.5)

  Median (95% CI), monthsa NE (6.4–NE) NE (8.7–NE) NE (10.7–NE)

  Hazard ratio (95% CI)b 1.1 (0.4–2.5)

 EFS

  First-occurrence patients in EFS analysis, N 20 60 131

  Events, n (%) 11 (55.0) 32 (53.3) 84 (64.1)

  Censored, n (%) 9 (45.0) 28 (46.7) 47 (35.9)

  Median (95% CI), monthsa 13.6 (5.9–NE) 12.1 (8.3–NE) 9.6 (7.8–12.9)
  Hazard ratio (95% CI)b 0.9 (0.5–1.8)
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OS results compared with patients with FLT3neg 
AML from baseline but not from first occurrence. 
This was likely owing to the availability of FLT3 
inhibitors for the treatment of patients with FLT-
3pos AML compared with the lack of personalized 
options for patients with FLT3neg AML and gen‑
eral treatment heterogeneity between patients. 
In addition, patients with FLT3pos AML were 
younger compared with patients with FLT3neg 
AML, and consequently, likely fitter for a more 
aggressive standard high-intensity chemother‑
apy-based approach. In patients receiving high-
intensity chemotherapy at baseline, a similar 
trend was observed between patients with FLT-
3pos and FLT3neg AML. These results are in line 
with the updated ELN 2022 recommendations, 
which now categorize patients with FLT3-ITD 
AML with or without NPM1 co-mutations in 
the intermediate-risk instead of the high-risk 
group, on the basis of methodological issues 
with standardizing the assay to measure the 
FLT3-ITD allelic ratio, the modifying impact of 
midostaurin-based therapy on newly diagnosed 
patients with FLT3-ITD AML, and the increas‑
ing role of measurable residual disease (MRD) in 
treatment decisions [12].

This study had several limitations. As this 
was a descriptive study, it was not statisti‑
cally powered to compare outcomes between 
patients with FLT3pos and FLT3neg AML. Inter‑
pretation of clonal evolution and clinical out‑
comes from later disease stages or different 
treatment subgroups may be limited by small 
sample sizes, while certain analyses such as 
comparisons between patients with FLT3-ITD 
AML and FLT3-TKD AML were also not possible 
owing to the small sample sizes of the differ‑
ent mutation groups, especially at first occur‑
rence and beyond. Furthermore, only a small 
proportion of patients had complete follow-
up, owing to early termination of the study. 
Survival results may have been biased owing 
to the early termination of the study, which 
resulted in the censoring of 44.0% of patients. 
In addition, as guidelines began to recommend 
additional molecular re-evaluation at relapse in 
2022 [12], patients enrolled before 2022 were 
possibly missing genetic data more frequently 
and missing information on other FLT3 muta‑
tions apart from FLT3-ITD and FLT3-TKD. As 

genetic testing was performed per the local 
standard of care, the extent of testing, assess‑
ment methodologies, and limits of detection 
varied between study sites and countries, and 
MRD data were not collected. Overall, PCR 
was the most commonly used testing method; 
however, particularly at first or second occur‑
rence, smaller FLT3 clones may have gone 
undetected owing to the lower sensitivity from 
the higher limit of detection associated with 
PCR techniques [31–33]. Prior research has 
shown that FLT3-ITD MRD can occur at lev‑
els below the threshold of conventional PCR 
with capillary electrophoresis, while NGS tech‑
niques can identify these low-level clones with 
greater sensitivity [34]. When the study started 
in 2020, PCR-based testing was the standard 
of care; however, currently, there is not only a 
strong shift toward using NGS-based methods 
for FLT3 assessment, at relapse or refractory 
disease, but also pre- and post-hematopoietic 
stem cell transplantation to better detect and 
characterize MRD [35]. Moreover, NGS-based 
methods are now recommended for the ongo‑
ing management of AML as per National Com‑
prehensive Cancer Network (NCCN) Clinical 
Practice Guidelines in Oncology (NCCN Guide‑
lines) [36]. This evolution in testing methods 
enables the detection of FLT3-ITD expression 
in patients with previously undetectable lev‑
els and subsequently would allow for a more 
targeted use of FLT3 inhibitors to improve 
clinical outcomes. It is worth noting that even 
though PCR was the most commonly used test‑
ing method, a notable proportion of patients 
experienced FLT3 clonal evolution. Given 
the increased sensitivity of NGS, it is possible 
that fewer apparent losses of FLT3 mutations 
would have been observed had NGS been used 
throughout. Future studies should use NGS to 
more comprehensively assess and track clonal 
evolution.

CONCLUSIONS

This study demonstrated that the FLT3 mutation 
status of patients with AML undergoes dynamic 
changes throughout disease course, with a 
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notable proportion of patients experiencing a 
gain or loss of FLT3 mutations. These results 
emphasize the need for timely and appropriate 
FLT3 mutation retesting throughout the disease 
course, as increased testing with appropriate sen‑
sitivity thresholds may aid in further personal‑
izing treatment options.
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