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Abstract
FLT3-ITD mutations in newly diagnosed acute myeloid leukemia (AML) are associated with worse overall survival (OS).
FLT3-ITD diversity can further influence clinical outcomes. Addition of FLT3 inhibitors to standard chemotherapy has
improved OS. The aim of this study is to evaluate the prognostic impact of FLT3 diversity and identify predictors of
efficacy of FLT3 inhibitors. We reviewed prospectively collected data from 395 patients with newly diagnosed FLT3-ITD
mutant AML. 156 (39%) patients received FLT3 inhibitors combined with either high or low intensity chemotherapy.
There was no statistically significant difference in clinical outcomes among patients treated with FLT3 inhibitors based
on FLT3 numerical variation (p= 0.85), mutation length (p= 0.67). Overall, the addition of FLT3 inhibitor to intensive
chemotherapy was associated with an improved OS (HR= 0.35, 95% CI: 0.24–0.5, p= 0.0005), but not in combination
with lower intensity chemotherapy (HR= 0.98, 95%CI: 0.7–1.36, p= 0.85). A differential effect of FLT3 inhibitor on OS
was more pronounced in younger patients with FLT3 allelic ratio ≥0.5 (HR= 0.41, 95% CI: 0.25–0.66, p < 0.001), single
ITD mutation (HR= 0.55, 95% CI: 0.34–0.88, p= 0.01), diploid cytogenetics (HR= 0.52, 95% CI: 0.35–0.76, p= 0.001),
NPM1 co-mutation (HR= 0.35, 95% CI: 0.19–0.67, p= 0.001). Our analysis identifies predictors of survival among
diverse FLT3 related variables in patients treated with FLT3 inhibitor.

Introduction
Fms-like tyrosine kinase (FLT3) mutations including

internal tandem duplications (ITDs) of the juxtamem-
brane domain (JMD), first described in 1996, constitute
25% of all newly diagnosed AML patients1–4. FLT3-ITD
mutations lead to constitutive auto-phosphorylation of
the receptor tyrosine kinase, resulting in an increased
proliferation and survival of leukemic cells5. Insertions of

as few as 15 base pairs (bp) can disrupt the auto-inhibitory
receptor function6. FLT3-ITD mutations in newly diag-
nosed AML are associated with higher white cell count,
increased relapses, and worse overall survival (OS)2,7.
Both NCCN and ELN guidelines incorporate FLT3-ITD
mutation in risk stratifying patients based on the allelic
burden, as well as NPM1 co-mutation8,9. The mutational
diversity of FLT3-ITD such as mutant-to-wild type allelic
ratio, insertion site, mutation length, and the co-occurring
mutations seem to determine the prognostic value of
FLT3-ITD in patients with newly diagnosed FLT3-mutant
AML10–15. A number of tyrosine kinase inhibitors (TKI)
were developed in order to disrupt the oncogenic sig-
naling initiated by FLT316. The addition of FLT3
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inhibitors to chemotherapy in the frontline setting has
improved OS17.
The information regarding the prognostic impact of

FLT3-ITD mutation diversity in the context of FLT3
inhibitor therapy is of critical importance, however it has
not been fully elucidated. The aim of this study is to
evaluate the impact of numerical variation, mutation
length, allelic burden, and co-occurring mutations on
clinical outcomes and to identify predictors of efficacy of
TKI in combination with chemotherapy, in patients with
newly diagnosed FLT3-ITD mutant AML.

Methods
Patients
We searched our prospectively collected database of all

patients with newly diagnosed AML, treated at MD
Anderson cancer center from January 2000 until
December 2017, for FLT3-ITD mutant AML (excluding
acute promyelocytic leukemia and core binding factor
AML). Patients were categorized into four groups based
on the type of treatment received, as follows: high
intensity chemotherapy with or without TKI, low intensity
chemotherapy with or without TKI. High intensity che-
motherapy included high dose cytarabine, idarubicin with
or without a second nucleoside analog (i.e., cladribine, or
fludarabine, or clofarabine), whereas low intensity che-
motherapy included either hypomethylating agents
(HMA) (i.e., 5-azacitidine or decitabine) or low dose
cytarabine. Baseline variables including FLT3-ITD
numerical variation, allelic burden, mutation length, and
co-occurring mutations as well as clinical outcomes were
collected and analyzed.
This study was performed in accordance with the

Declaration of Helsinki. The Institutional Review Board
approved the collection of data and a waiver of informed
consent was granted for this chart review study.

Clinical endpoints
The primary endpoint of this study is to evaluate the

impact of FLT3-ITD mutational diversity including
numerical variation, mutation insertion length, allelic
burden, and co-occurring mutations on OS and relapse
free survival (RFS) in newly diagnosed patients with FLT3-
ITD AML particularly in the context of high or low
intensity therapies and addition of a FLT3 inhibitor. The
secondary endpoints are to assess the important pre-
dictors of FLT3 inhibitor efficacy in each of FLT3-ITD
diverse variables.

FLT3-ITD mutation analysis
PCR-based DNA analysis was performed to detect

FLT3-ITD and codon 835/836 point mutation in the
FLT3 gene as per institutional protocol. A multiplex PCR
using fluorescently labeled primers was performed,

followed by detection and sizing of PCR products using
capillary electrophoresis. For detecting point mutations in
codons 835/836, a restriction enzyme digestion of the
PCR products was performed prior to capillary electro-
phoresis. The lower limit of detection (analytical sensi-
tivity) of the assay is ~1% of mutant DNA in a background
of wild type DNA. The mutant allelic burden was calcu-
lated as the ratio of area under the peak of mutant over
wild-type FLT3.

Response and outcome definitions
Complete remission was defined as the presence of <5%

blasts in the bone marrow, with ≥1 × 109/L neutrophils,
and ≥100 × 109/L platelets in the peripheral blood. RFS
was defined as the time from the date of response to the
date of relapse or death due to any cause (censored at last
follow-up date). OS was defined as the time from the date
of diagnosis until death due to any cause (censored at last
follow-up date).

Statistical methods
Patients’ characteristics were summarized using

descriptive statistics including median (range) for con-
tinuous variables and frequency (%) for categorical vari-
ables. To compare groups, the Fisher’s exact test and
Wilcoxon rank-sum test were conducted for categorical
and continuous variables, respectively. The Kaplan Meier
method was used to estimate RFS and OS, and the log-
rank test was performed to compare the time to events.
The Cox proportional hazards regression model was fit to
evaluate the association between clinical factors and sur-
vival outcomes. For the multivariate Cox model, all the
variables significant at 0.05 in the univariate analysis were
included, and backward stepwise elimination was applied
to select variables for the final model. To identify a dif-
ferential effect of TKI on outcomes per subgroups,
interaction analysis using the Cox model was conducted,
where an interaction term was composed of TKI and a
subgroup variable. All computations were carried out in R
version 3.5.1 and GraphPad prism version 7.

Results
Baseline characteristics
We identified 395 adult patients with FLT3-ITD mutant

AML among the consecutive cohort of newly diagnosed
AML. The median age for all patients is 61 years (range,
17–89 years). Of them, 223 (56%) patients were treated
with high intensity chemotherapy, including 94 patients
who received TKI (24%) and 129 (32%) patients who did
not receive TKI. The other 172 (44%) patients were
treated with low intensity chemotherapy, including 62
(16%) patients who received TKI and 110 (28%) patients
who did not receive TKI. Baseline characteristics of
patients in each group are summarized in Table 1 and S1.

Abou Dalle et al. Blood Cancer Journal           (2020) 10:48 Page 2 of 10

Blood Cancer Journal



Table 1 Baseline characteristics.

Variables No. (%), median [range]

n= 223

p value No. (%), median [range]

n= 172

p value

High intensity chemotherapy Low intensity chemotherapy

With TKI

(n= 94)

Without TKI

(n= 129)

With TKI

(n= 62)

Without TKI

(n= 110)

Age, years 52 [20–78] 55 [17–82] 0.02 71.5 [52–86] 71 [21–89] 0.69

Male 36 (38.3) 60 (46.5) 0.27 31 (50) 65 (59) 0.27

WBC, ×109/L 8.45 [0.5–378] 14.2 [0.8–191] 0.03 8 [0.2–164.5] 11.7 [0.4–186.5] 0.14

LDH, IU × 10−3 1 [0.37–8.77] 0.99 [0.37–11.15] 0.46 0.98 [0.28–10.3] 1.08 [0.23–42] 0.41

BM blasts, % 54 [0–98] 43 [0–99] 0.50 26.5 [0–98] 46 [0–98] 0.38

Diploid CG 70 (74.5) 87 (69) 0.45 42 (75) 75 (72.8) 0.85

Complex CG 5 (5.3) 5 (3.9) 0.75 3 (5.1) 7 (6.4) >0.99

ELN 2017 subgroup

1 18 (19.2) 14 (11) 0.05 9 (14.5) 17 (15.4) 0.69

2 46 (48.9) 82 (63.5) 35 (56.5) 66 (60)

3 30 (31.9) 30 (23.2) 18 (29) 25 (22.7)

FLT3-ITD size 53 [8–195] 53 [17–227] 0.86 54 [7–207] 45 [2–195] 0.38

FLT3-ITD ratio 0.56 [0.01–2.46] 0.35 [0.01–7.7] 0.21 0.64 [0.01–2.56] 0.32 [0.01–6.11] 0.002

FLT3-ITD number

1 45 (47.8) 104 (81.9) <0.001 28 (45.2) 77 (70) <0.001

2 15 (15.9) 15 (11.8) 14 (22.6) 22 (20)

3 34 (36.2) 8 (6.3) 20 (32.3) 11 (10)

FLT3 D835 6 (6.4) 10 (7.7) 0.80 9 (14.5) 7 (6.4) 0.10

NPM1 45 (51.1) 34 (45.3) 0.53 32 (54.2) 31 (39.3) 0.09

IDH1/2 16 (22.9) 13 (26) 0.83 13 (22.8) 13 (22.8) 0.40

DNMT3A 18 (28.1) 9 (27.3) >0.99 22 (44) 3 (6.4) <0.001

No. co-mutations

0 22 (23.7) 66 (58.4) <0.001 11 (18) 53 (52) <0.001

1 33 (35.5) 29 (25.7) 17 (27.9) 25 (24.5)

2 20 (21.5) 15 (13.3) 19 (31.2) 19 (18.6)

≥3 18 (19.4) 3 (2.6) 14 (22.9) 5 (4.9)

Treatment

regimen

Doublet 32 (34) 105 (81.4) <0.001

Triplet 62 (66) 24 (18.6)

HMA-based 51 (82.3) 44 (40) <0.001

LDAC-based 9 (14.5) 49 (44.5)

TKI

Quizartinib 3 (3.2) – 13 (21) –

Sorafenib 91 (96.8) – 40 (64.5) –
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In the high intensity chemotherapy group, patients who
received TKI were younger with a median age of 52 years
(range, 20–78 years) compared with those who did not
receive TKI, median 55 years (range, 17–82 years) (p=
0.02). The median WBC count was also significantly
higher in patients who did not receive TKI (median 14.2 ×
109/L, range, 0.8–191 × 109/L versus 8.5 × 109/L, range,
0.5–378 × 109/L) (p= 0.03). Patients who were treated
with TKI were more likely to receive a second nucleoside
analog (i.e., cladribine, or fludarabine, or clofarabine) in
addition to idarubicin, cytarabine compared with patients
who did not receive TKI (66% versus 19%, p < 0.001
respectively). The rate of subsequent allogeneic hemato-
poietic stem cell transplantation (allo-HSCT) in first CR
was 57% in patients who received TKI versus 33% in
patients who did not receive TKI (p < 0.001).
In patients who were treated with low intensity che-

motherapy, FLT3-ITD ratio was significantly higher in
patients receiving TKI with a median of 0.64 (range,
0.01–2.56) versus 0.32 (range, 0.01–6.11) in patients who
did not receive TKI (p= 0.002). Patients who received
TKI were more likely to receive HMA (i.e., 5-azacitidine,
or decitabine as opposed to LDAC) compared with
patients who did not receive TKI (82% versus 40%, p <
0.001 respectively).

Survival outcomes
High intensity chemotherapy
With a median follow-up of 66 months, patients who

were treated with high intensity chemotherapy with TKI
had a median OS of 42.4 months (95% CI: 23.7 months
-not reached) compared with 14.8 months (95% CI:
12.1–20.4 months) for patients treated without TKI
(HR= 0.53, 95% CI: 0.37–0.76, p= 0.0005) (Fig. 1a). The
median RFS was 46 months (95% CI: 16.7 months -not
reached) versus 9.6 months (95% CI: 7.1–14.5 months)
respectively (HR= 0.51, 95% CI: 0.35–0.75, p= 0.0005)
(Fig. 1b). After censoring for allo-HSCT, the median OS
was not statistically different between the TKI and no TKI

groups (median OS, 15.9 versus 12.5 months, p= 0.07,
respectively). Although statistically not significant, the
3-year RFS was 41.8% versus 21.9% respectively for
patients who received TKI compared with those who did
not receive TKI (Fig. S1, A-B).

Low intensity chemotherapy
With a median follow-up of 61.4 months, patients who

were treated with low intensity chemotherapy with TKI
had a median OS of 10 months (95% CI: 8.1–16.7 months)
compared with 9.8 months (95% CI: 8.4–12.4 months) for
patients who did not receive TKI (HR= 0.97, 95% CI:
0.7–1.35, p= 0.85) (Fig. 1c). The median RFS was
7.8 months (95% CI: 5.5–14.7 months) versus 6.5 months
(95% CI: 5.7–8.2 months) respectively (HR= 0.99, 95%
CI: 0.65–1.51, p= 0.96) (Fig. 1d). Due to the imbalance in
the lower intensity chemotherapy regimen (HMA versus
LDAC), we analyzed OS only for patients who were
treated with HMA with or without TKI. There was also
no statistical difference in OS between the two groups
(HR= 0.89, 95% CI: 0.58–1.37, p= 0.62) (Fig. S2). Inter-
estingly, patients who were treated with HMA and a
potent FLT3 inhibitor, quizartinib (n= 10), had better OS
with a median of 20.4 months compared with
11.4 months for those who were treated with HMA alone
(HR= 0.44, 95% CI: 0.20–0.96, p= 0.035). This benefit
was not shown with the addition of sorafenib to HMA
(HR= 1.18, 95% CI: 0.75–1.88, p= 0.47) (Fig. S3, A-B).

Prognostic significance of FLT3-ITD numerical variation
Among all patients included in this analysis, 256 (65%)

had a single FLT3mutation, 66 (17%) had two mutants, and
73 (18%) had three mutants. Among patients who were
treated with TKI, a single FLT3mutation, two mutants, and
three mutants were present in 73 (47%), 29 (18%), and 54
(35%) patients. There was no significant difference in OS
and RFS between single and multiple FLT3 mutations
(HR= 0.96, 95% CI: 0.64–1.43, p= 0.85; HR= 1.17, 95%
CI: 0.75–1.8, p= 0.48, for OS and RFS respectively)

Table 1 continued

Variables No. (%), median [range]

n= 223

p value No. (%), median [range]

n= 172

p value

High intensity chemotherapy Low intensity chemotherapy

With TKI

(n= 94)

Without TKI

(n= 129)

With TKI

(n= 62)

Without TKI

(n= 110)

Midostaurin – – 8 (12.9) –

Axitinib – – 1 (1.6) –

AlloHSCT 54 (57.5) 43 (33.3) <0.001 8 (13) 9 (8.2) 0.43
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(Fig. 2a, b). For patients treated with high intensity che-
motherapy and TKI, there were no statistical difference in
OS and RFS based on the number of FLT3-ITD mutations
with HR of 0.87 (95% CI: 0.47–1.58, p= 0.64), and HR of

0.96 (95% CI: 0.52–1.8, p= 0.92) respectively. Similarly for
patients treated with low intensity chemotherapy
(HR= 1.05 95% CI: 0.61–1.79, p= 0.87, HR= 1.47 95%
CI: 0.76–2.89, p= 0.26 for OS and RFS, respectively).

Fig. 1 Survival outcomes by TKI use. a, b Overall survival and relapse free survival for all patients treated with high intensity chemotherapy by TKI
use, without censoring to allogeneic hematopoietic stem cell transplantation. c, d Overall survival and relapse free survival for all patients treated with
low intensity chemotherapy by TKI usage, without censoring to allogeneic hematopoietic stem cell transplantation.

Fig. 2 Survival outcomes by FLT3 numerical variation, length and allelic ratio. Overall survival and relapse free survival for all patients receiving
FLT3 inhibitors (a, b) based on FLT3-ITD numerical variation (single versus multiple) (c, d) FLT3-ITDmutation length (Long versus Short) (e, f) FLT3-ITD
allelic ratio (high ≥0.5, low <0.5).
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Moreover, in the single FLT3 mutant subgroup, the
addition of a TKI to high intensity chemotherapy sig-
nificantly improved OS and RFS compared with patients
who did not receive TKI (HR= 0.55, 95% CI: 0.34–0.88,
p= 0.01, HR= 0.52, 95% CI: 0.31–0.87, p= 0.01, for OS
and RFS respectively). This beneficial effect of TKI was
not statistically different in the multiple FLT3 mutant
subgroup (HR= 0.6, 95% CI: 0.32–1.12, p= 0.11, HR=
0.57, 95% CI: 0.3–1.08, p= 0.09 for OS and RFS
respectively). In patients treated with low intensity che-
motherapy, there was no statistical difference in both OS
and RFS based on TKI use in both single and multiple
mutants.

Prognostic significance of FLT3-ITD length
Among all patients treated with TKI, FLT3-ITD length

was available on 151 (96%) patients. For patients with
multiple FLT3 mutants, the largest mutant length was
accounted for analysis. The median mutant length was
50 bp (range, 7–207 bp). Patients were categorized into
long (size ≥50 bp) and short (size <50 bp) FLT3-ITD
length. There was no significant difference in both OS and
RFS according to mutant length (HR= 0.91, 95% CI:
0.61–1.37, p= 0.67, and HR= 0.94, 95% CI: 0.6–1.48, p=
0.81, for OS and RFS respectively) (Fig. 2c, d). In addition,
patients with long FLT3-ITD as well short FLT3-ITD had
similar OS and RFS within their respective group of high
or low intensity chemotherapy.
When compared with the no TKI group, patients with

long FLT3-ITD and treated with high intensity che-
motherapy with TKI had a 2-year OS of 58% versus 41% for
patients treated without TKI (HR= 0.64, 95% CI: 0.36–1.13,
p= 0.12). Similarly to the patients with short FLT3-ITD,
there was no statistical difference in both OS and RFS
(HR= 0.72, 95% CI: 0.41–1.25, p= 0.24, HR= 0.65, 95%
CI: 0.37–1.15, p= 0.14, for OS and RFS respectively).

Prognostic significance of FLT3-ITD allelic ratio
The median FLT3-ITD allelic ratio for all patients was

0.51 (range, 0.01–7.7), and those treated with TKI was
0.51 (range, 0.01–2.56). We dichotomized patients into
two categories: FLT3 high (AR ≥ 0.5) and FLT3 low (AR <
0.5) according to ELN 2017 criteria. Among patients
treated with TKI, there was no significant difference in
both OS and RFS based on allelic ratio (HR= 0.97, 95%
CI: 0.65–1.47, p= 0.91, HR= 1.06, 95% CI: 0.68–1.69,
p= 0.78, respectively) (Fig. 2e, f). Restricting the analysis
to patients with intermediate risk cytogenetics who
received high intensity chemotherapy with TKI, OS, and
RFS between patients with high and low allelic ratio was
similar, with HR= 0.9 (95% CI: 0.45–1.8, p= 0.78) and
HR= 0.94 (95% CI: 0.46–1.89, p= 0.86) respectively.
Patients who received low intensity chemotherapy with
TKI had also similar OS and RFS based on allelic ratio,

with HR= 1.15 (95% CI: 0.58–2.30, p= 0.67) and
HR= 1.26 (95% CI: 0.55–2.8, p= 0.58) respectively.
It is worth noting that in patients with intermediate risk

cytogenetics treated with high intensity chemotherapy
before the TKI era, the median OS for those with high
allelic ratio (≥0.5) was 8.5 months compared with
17.6 months for patients with low allelic ratio (<0.5) with
HR of 1.66 (95% CI: 1.02–2.69, p= 0.04). Similarly, the
median OS for patients with high allelic ratio (≥0.5)
treated with low intensity chemotherapy without TKI was
8.0 months compared with 12.1 months for patients with
low allelic ratio (<0.5) with HR of 1.7 (95% CI: 1.04–2.8,
p= 0.03).
The addition of TKI was associated with significantly

longer RFS and OS in patients with high allelic ratio
treated with high intensity chemotherapy, the median OS
was 42.4 months in the TKI group versus 12.1 months in
the no TKI group (HR= 0.41, 95% CI: 0.25–0.67, p <
0.001) (Fig. S4-A). The median RFS was 56.8 months
versus 6.2 months for patients treated without TKI (HR=
0.39, 95% CI: 0.23–0.66, p < 0.001) (Fig. S4-B). This ben-
efit of adding TKI was not statistically significant in
patients with low allelic ratio either in the high intensity
or the low intensity chemotherapy group, with HR= 0.71
(95% CI: 0.42–1.22), p= 0.18 for OS and HR= 0.70 (95%
CI: 0.39–1.23), p= 0.19 for RFS in the high intensity
chemotherapy group (Fig. S4C-D), and HR= 0.98 (95%
CI: 0.59–1.60), p= 0.89 for OS in the low intensity che-
motherapy group. There was also no benefit from the
addition of TKI to low intensity chemotherapy in high
allelic ratio group (HR= 0.83, 95% CI: 0.53–1.31, p= 0.43
for OS).

Prognostic significance of NPM1 co-mutation
Among all patients treated with a TKI, 147 (94%)

patients had an available NPM1 status. Of them, 77 (52%)
patients were NPM1 mutant. There was no statistical
difference in both OS and RFS between NPM1 wild and
NPM1mutant groups (HR= 1.24, 95% CI: 0.81–1.88, p=
0.31, HR= 1.52, 95% CI: 0.96–2.40, p= 0.07, respectively)
(Fig. S5A-B). When further stratifying patients according
to NPM1 status and FLT3 allelic ratio, those with FLT3
high (≥0.5) had similar OS and RFS whether NPM1 was
present or not (HR= 1.05, 95% CI: 0.62–1.79, p= 0.85,
HR= 0.95, 95% CI: 0.53–1.72, p= 0.88, for OS and RFS
respectively), whereas patients with FLT3 low (<0.5) had
better OS and RFS when NPM1 co-mutation was present
(HR= 0.51, 95% CI: 0.26–1.03, p= 0.05, HR= 0.32, 95%
CI: 0.15–0.73, p= 0.004 for OS and RFS respectively)
(Fig. 3).
When compared with patients who did not receive TKI,

those who were treated with high intensity chemotherapy
and TKI had prolonged OS and RFS when NPM1 was
present (HR= 0.37, 95% CI: 0.19–0.71, p= 0.001,
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HR= 0.32, 95% CI: 0.17–0.64, p < 0.001 for OS and RFS
respectively) (Fig. S6). By ELN risk groups, OS and RFS
were improved by presence of NPM1 mutation in all
subgroups, but it was only statistically different in the
intermediate group with HR of 0.53 (95% CI: 0.33–0.85,
p= 0.007) for OS and HR of 0.62 (95% CI: 0.38–0.99,
p= 0.05) for RFS (Fig. 4).

Multivariate analysis
We performed a multivariate analysis including all

patients treated with high intensity chemotherapy (n=
223). Variables included in the univariate analysis included
age, gender, WBC, BM blasts, cytogenetics, FLT3-ITD
length, FLT3-ITD allelic ratio, FLT3-ITD numerical

variation, co-mutations with FLT3 TKD point mutations,
NPM1, IDH1/2 and DNMT3A as well as the use of TKI and
alloHSCT as a time-dependent variable. After adjusting for
all significant variables, older age ≥65 years, and higher
WBC ≥ 20 × 109/L were associated with worse OS (HR= 2,
95% CI: 1.27–3.16, p= 0.003, HR= 1.92, 95% CI: 1.37–2.69,
p < 0.001 respectively), whereas the use of TKI and
alloHSCT were associated with significant improvement in
OS (HR= 0.66, 95% CI: 0.46–0.97, p= 0.03, HR= 0.48,
95% CI: 0.32–0.72, p < 0.001, respectively) (Table S2).
Using the multivariate analysis for patients treated with

low intensity chemotherapy including the same variables,
both multiple co-mutations (≥2) as well as the use of
alloHSCT were associated with better OS (HR= 0.57,

Fig. 3 Survival outcomes by NPM1 co-mutation and FLT3 allelic ratio. a, b Overall survival and relapse free survival in patients treated with TKI
regardless of intensity of chemotherapy by NPM1 status within the FLT3 high allelic group. c, d Overall survival and relapse free survival in patients
treated with TKI regardless of intensity of chemotherapy by NPM1 status within the FLT3 low allelic group.

Fig. 4 TKI efficacy by ELN criteria. Overall survival in patients treated with higher intensity chemotherapy by TKI use within ELN 2017 risk categories,
(a) favorable (b) intermediate (c) unfavorable.
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95% CI: 0.39–0.85, p= 0.01, HR= 0.37, 95% CI:
0.18–0.75, p= 0.01) (Table S3).

Subgroup interaction analysis
In order to identify in which subgroups TKI was largely

beneficial, we performed a subgroup interaction analysis
and determined the main factors that can contribute to
TKI efficacy. The addition of TKI to intensive che-
motherapy was associated with significantly better survi-
val mainly in the following subgroups: younger patients
<65 years (HR= 0.55, 95% CI: 0.38–0.82, p= 0.003), high
allelic burden ≥0.5 (HR= 0.41, 95%CI: 0.25–0.66, p <
0.001), single ITD mutation (HR= 0.55, 95% CI:
0.34–0.88, p= 0.01), diploid cytogenetics (HR= 0.52, 95%
CI: 0.35–0.76, p= 0.001), NPM1 co-mutation (HR= 0.35,
95% CI: 0.19–0.67, p= 0.001) (Tables S4A–S5). In
patients treated with low intensity chemotherapy, the
addition of TKI did not show any survival benefit
including all subgroups (Tables S4B–S6).

Discussion
In our analysis, the presence of more than one ITD or

size of ITD insert did not impact outcome among patients
with newly diagnosed FLT3-ITD mutated AML. On the
other hand, the addition of TKI including sorafenib or
quizartinib to higher intensity chemotherapy was asso-
ciated with 47% reduction in the risk of death in patients
newly diagnosed with FLT3 mutant AML, taking in
consideration that the majority of our patients received
triplet combination of induction chemotherapy, unlike
‘doublets’ commonly used in induction regimens. In the
RATIFY trial where 717 patients with FLT3-ITD and/or
TKD mutant AML were randomized to receive mid-
ostaurin or placebo in addition to standard intensive
chemotherapy, OS was significantly longer with HR of
0.78 and p value of 0.00917. Based on this trial, the food
and drug administration approved midostaurin to be used
with intensive chemotherapy for patients with newly
diagnosed FLT3 mutant AML18. Midostaurin as well as
sorafenib were also effective in older patients (60–70
years) treated with intensive chemotherapy19,20. When
censored for alloHSCT, we did not find any significant
differences in OS and RFS between patients who received
TKI and who did not, similarly to what is found in the
RATIFY trial17.
Lower intensity chemotherapy (HMA or LDAC) has

been standard of care in older patients and it was rea-
sonable to add TKI to these agents. Preclinical data also
demonstrated synergy between FLT3 inhibition and
HMA21. In a phase II trial, 27 older patients with
untreated FLT3 mutant AML, median age of 74 years
(range, 61–86 years), were treated with 5-azacitidine and
sorafenib. Patients experienced favorable overall response
rate (ORR) of 78% including a CR rate of 45%, however

their median OS was only 8.3 months (range,
1–63 months)22. Sorafenib was also added to low dose
cytarabine for older patients in a phase I/II trial and
resulted in a very low ORR of 10%23. In our study, among
62 older patients, median age of 72 years (range, 52–86
years), treated with lower intensity chemotherapy and
TKI, 82% of patients received HMAs; 65% received sor-
afenib; and 21% received quizartinib. For all patients
treated with low intensity chemotherapy, the addition of
TKI did not improve OS and RFS. This can be explained
partly by the inability to administer full doses of sorafenib
(most commonly used in our cohort) to the elderly
population due to toxicities of myelosuppression, fatigue,
etc. However, the combination of HMA and quizartinib, a
second generation FLT3 inhibitor, albeit in a small cohort,
appears to be promising with a 9 month improvement in
median OS, when compared with HMA alone (median
OS: 20.4 versus 11.4 months respectively, p= 0.034).
Initial results of the combination of quizartinib with
chemotherapy or HMAs indicates that it is feasible and
effective in newly diagnosed older patients with FLT3
mutant AML24,25.
The presence of multiple FLT3-ITD mutants did not

affect OS and RFS in our total cohort of patients treated
with TKI. Several prior reports in the pre-TKI era have
found different controversial associations between survi-
val outcomes and the numerical variation of FLT3
mutations2,10,26. Interestingly, we have shown that TKI
has a differential effect when added to intensive che-
motherapy, in the single mutation rather than multiple
mutations. A biological explanation for this difference is
unclear. Probably, multiple FLT3-ITD mutations are
indicative of the presence of multiple AML subclones
occurring at different allelic burden and different inser-
tion sites, thus might be differentially sensitive to TKI.
Clonal heterogeneity of FLT3-ITD manifested by multiple
mutations was previously shown to be associated with
adverse outcomes27.
The impact of FLT3-ITD length on the prognosis of

patients with FLT3mutant AML is still controversial10–12,28.
Liu et al. reported worse outcomes with longer FLT3-ITD
with 3-year OS of 27% compared with 61% for short
FLT3-ITD (p= 0.004)28. Other reports did not show a
significant impact of FLT3-ITD insertion length on AML
outcomes10. Theoretically, longer FLT3-ITD has stronger
phosphorylation signals and higher constitutive pro-
liferative capacity regardless of the insertion site, reflected
by less sensitivity to TKI when AML cell lines were
exposed to quizartinib28, but this does not seem to be
corroborated in the clinical experience, as shown in our
analysis.
A high mutant to wild-type allelic ratio of FLT3-ITD is

known to be associated with poor prognosis due to high
relapse risk3,29. Samples with a high mutant allelic ratio
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were more likely to be responsive to FLT3 inhibition
compared with samples with low allelic ratio, most likely
reflecting an oncogenic addiction to mutant FLT3 for cell
survival30. Alternatively, AML cells with a lower FLT3
allelic ratio exhibit a reduced inhibitory effects of FLT3
inhibitors mediated by increased activation of the
FLT3 wild-type31. We observed that patients with higher
FLT3 allelic ratio had more pronounced survival benefit
when treated with high dose chemotherapy and TKI. The
benefit of addition of TKI is less in patients with lower
FLT3 allelic ratio, where FLT3 mutant clone is not
dominant and most likely other mutations are con-
tributing in the evolution of disease. Until now, FLT3
inhibitors are offered to all patients with FLT3 mutant
AML regardless of the allelic ratio. Probably in the near
future, incorporation of other targeted agents like BCL-2
inhibitors, MDM2 inhibitors, etc. into the frontline setting
will change the current clinical paradigms. Moreover, this
differential benefit was more prominent among patients
with NPM1 co-mutation. While NPM1 mut/FLT3-ITD
low group had the longest survival in the patients treated
in RATIFY trial, in a post-hoc analysis of the RATIFY
trial, most benefit from addition of midostaurin was
shown in the NPM1 wild/FLT3-ITD high group32. This
discrepancy could be probably explained in part by the
differences in induction chemotherapy. In the RATIFY
trial, 7+ 3 regimen was used, whereas in our study, 66%
of our patients were treated with idarubicin, cytarabine in
addition to a nucleoside analog. This triplet combination
can produce a higher rate of intracellular cytarabine
accumulation, which is preferentially active in NPM1
mutant AML. However, neither the RATIFY trial, nor our
analysis is adequately powered to answer the issue defi-
nitively. Moreover, FLT3 inhibition by lestaurtinib
appeared to be higher in patients with NPM1 mutations
(81% versus 39% inhibited, p= 0.003)33. NPM1 mutations
are significantly more frequent in patients with FLT3-ITD
affecting JMD region and less frequent with insertions
located in the beta-1 sheet. There is an increasing evi-
dence that insertions in the beta-1 sheet region are less
sensitive to FLT3 inhibitors, explaining our observation of
higher beneficial effect of FLT3 inhibitors with NPM1 co-
mutation34,35.
In summary, in our cohort of patients who were treated

with FLT3 inhibitors, we were unable to find a significant
correlation between FLT3-ITD numerical variation,
mutation length, allelic burden, co-occurring NPM1
mutation, and clinical outcomes of patients. The addition
of FLT3 inhibitors to intensive chemotherapy was asso-
ciated with better OS and RFS, but not in combination
with HMA and low dose cytarabine. The benefit of FLT3
inhibitors was more pronounced in younger patients with
high FLT3 allelic ratio, single mutation, and NPM1 co-
mutation. More research efforts are now underway to

incorporate newer generation FLT3 inhibitors to the first
line treatment of FLT3 mutant AML and further improve
the prognosis.
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