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In older/unfit newly diagnosed patients with FLT3 mutated acute myeloid leukemia (AML), lower intensity chemotherapy (LIC) in
combination with either a FLT3 inhibitor or with venetoclax results in poor overall survival (median 8 to 12.5 months). We
performed a retrospective analysis of 87 newly diagnosed FLT3 mutated AML patients treated on triplet (LIC+ FLT3 inhibitor+
Venetoclax, [N= 27]) and doublet (LIC+ FLT3 inhibitor, [N= 60]) regimens at our institution. Data were collected from prospective
clinical trials in 75% (N= 65) and 25% (N= 22) who received the same treatment regimens outside of a clinical trial. Triplet therapy
was associated with significantly higher rates of complete remission (CR) (67% versus 32%, P= 0.002), CR/CRi (93% versus 70%, P=
0.02), FLT3-PCR negativity (96% versus 54%, P < 0.01), and flow-cytometry negativity (83% versus 38%, P < 0.01) than doublets. At
the end of the first cycle, the median time to ANC > 0.5 (40 versus 21 days, P= 0.15) and platelet > 50 K (29 versus 25 days, P= 0.6)
among responders was numerically longer with triplets, but 60-day mortality was similar (7% v 10%). With a median follow-up of
24 months (median 12 months for triplet arm, and 63 months for doublet arm), patients receiving a triplet regimen had a longer
median overall survival (not reached versus 9.5 months, P < 0.01). LIC combined with FLT3 inhibitor and venetoclax (triplet) may be
an effective frontline regimen for older/unfit FLT3 mutated AML that should be further validated prospectively.
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INTRODUCTION
Internal tandem duplication (ITD) and tyrosine kinase domain
(TKD) mutations in the FLT3 gene are some of the most common
mutations in patients with newly diagnosed acute myeloid
leukemia (AML). FLT3-ITD mutations are associated with a higher
risk of relapse and inferior overall survival (OS) [1, 2]. Midostaurin,
a first-generation FLT3 inhibitor, combined with intensive
chemotherapy, improved OS in younger adult patients (<60
years) with FLT3 mutated AML [3]. However, adding a first-
generation FLT3 inhibitor (sorafenib or midostaurin) to azacitidine
in older adults who are not fit for intensive therapy provided
modest outcomes. CR/CRi rates were 78% and 38%, and median
OS was 8.3 and 8.7 months with azacitidine with sorafenib and
azacitidine with midostaurin, respectively, in frontline older/unfit
patients [4, 5].
In a recently published phase I/II study of azacitidine in

combination with second-generation FLT3 inhibitor, quizartinib,
a small cohort of older/unfit patients with newly diagnosed FLT3
mutated AML had a CR/CRi rate of 87% and median OS of
19 months, suggesting combining a second-generation FLT3
inhibitor with azacitidine may improve outcomes [6]. Unfortu-
nately, the LACEWING phase III, randomized, open-label study of
azacitidine with or without gilteritinib was stopped at the interim
analysis due to futility [7]. Despite CR/CRi rate being improved

with azacitidine with gilteritinib compared with azacitidine alone
(74% versus 41%, P < 0.001), the median OS was similar in both
arms (9.8 versus 8.9 months, P= 0.75), postulated to be due to a
higher frequency of subsequent salvage therapy and an especially
higher proportion of salvage FLT3 inhibitor use (including
gilteritinib) in the patients randomized to azacitidine alone. On a
post-hoc subset analysis, patients with a higher FLT3 allelic ratio
(AR) appeared to benefit from azacitidine and gilteritinib [7]. These
findings have somewhat dampened enthusiasm to use a
hypomethylating agent (HMA) with FLT3 inhibitor doublets as
frontline therapy for older/unfit AML.
After demonstrating a median OS of approximately 15 months

in older/unfit patients with newly diagnosed AML in the VIALE-A
study, HMA with venetoclax has emerged as a new standard of
care for this population [8]. Despite a CR/CRi rate of 67%, the
median OS in FLT3 mutated patients with frontline HMA plus
venetoclax in a pooled analysis of the phase IB and phase III VIALE-
A study was only 12.5 months, lower than what has been achieved
in non-FLT3 mutated patients with this regimen suggesting that
HMA with venetoclax may not be a sufficiently effective therapy in
these patients [9].
MCL-1 and BCL-XL are overexpressed in venetoclax resistant

AML cells [10, 11]. Primary and secondary resistance to venetoclax
can be mediated by pre-existing or emergent FLT3-ITD mutations
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[12, 13], and FLT3 inhibition may increase BCL-2 dependency by
concurrently downregulating anti-apoptotic protein MCL1,
thereby increasing sensitivity to venetoclax [14]. Numerous
preclinical studies have demonstrated synthetic lethality when
venetoclax was combined with a FLT3 inhibitor [15–17]. Clinically
the combination of venetoclax with gilteritinib has shown robust
activity with composite complete remission (CRc) rates of >75%
and FLT3 molecular response (<10−2) in 60% of the responders,
with response rates being maintained in prior FLT3 inhibitor
exposed patients [18]. In a recently published clinical study by our
group, a small cohort of older/unfit patients with newly diagnosed
FLT3 mutated AML were treated with HMA, venetoclax, and FLT3
inhibitor combination (triplet regimen) on a clinical trial. Of the 12
patients who received the triplet regimen, 11 (92%) achieved a
CRc with measurable residual disease (MRD) negativity by FLT3-
PCR in 91% of the CRc patients [19]. In this current manuscript, we
analyze a larger cohort of older/unfit patients with newly
diagnosed FLT3 mutated AML (including the 12 cases reported
previously [19]) treated with a triplet regimen (low-intensity
chemotherapy+ FLT3 inhibitor+ venetoclax) and compare the CR
and CRc rates, MRD dynamics, count recovery kinetics, early
mortality, and OS with patients who received a doublet regimen
(low-intensity chemotherapy+ FLT3 inhibitor) at our institution
within the last decade.

METHODS
Patient Eligibility
We identified 87 older and or unfit (for intensive chemotherapy) adult
patients with newly diagnosed FLT3mutated (ITD and or TKD) AML treated
at our institution between June 2012 to March 2021 with FLT3 inhibitor-
based LIC regimens. All patients had at least two or more bone marrow
(BM) assessments, including baseline, end of the first cycle of therapy, and/
or later during treatment. MRD assessments were performed by multicolor
flow cytometry (MFC, sensitivity of 10−3)[20] and multiplex polymerase
chain reaction (FLT3-PCR, sensitivity of 10−2) for ITD and kinase domain
(D835), as previously published by our group [21]. The best MRD was
defined as negative or lowest MRD level achieved at any time during
frontline therapy prior to the last follow-up (in CRc patients), prior to
relapse, and prior to allogeneic stem cell transplant (ASCT). Any level of
detectable MRD was called positive. Next-generation sequencing was
performed using one of three myeloid gene panel (81-gene, 53-gene, 28-
gene) platforms validated and implemented at our institution between
2012–2021, as previously described by our group (Supplementary Table
1A–C) [22]. This study was performed in accordance with the Declaration of
Helsinki. All patients signed a written informed consent form approved by
the Institutional Review Board. We obtained data from multiple
prospective investigator-initiated clinical trials in 75% (N= 65) of the
patients (NCT03404193, NCT03661307, NCT04140487) and 25% (N= 22)

from patients who received the same treatment regimens outside of a
clinical trial (Supplementary Table 2). Data were collected under protocols
DR09-0223 and PA12-0395 for retrospective data collection in patients
with FLT3 mutated AML.

Treatment Regimens
LIC backbones consisted of decitabine, azacitidine, low-dose cytarabine
(LDAC), and cladribine/LDAC in 52 (60%), 25 (29%), 7 (8%) and 3 (3%)
patients, respectively (Supplementary Table 3). All patients received LIC
combined with a FLT3 inhibitor (starting from day 1 of induction, given
continuously). Sorafenib, quizartinib, gilteritinib, and midostaurin were
used in 46 (53%), 20 (23%), 12 (14%), and 9 (10%) patients, respectively.
Further treatment details regarding specific FLT3 inhibitors used in the
doublet versus triplet arms are described in Fig. 1. Standard dose
venetoclax (400mg/day or dose reduced in accordance with the US label
for patients on strong CYP34A inhibitors) was administered starting from
day 1 to day 14 or day 28 (depending on the specific clinical trial the
patient was enrolled in, or physician choice in off protocol cases) in
patients who received triplet therapy, as previously described by our group
[2] (see detailed treatment schema in Supplementary Fig. 1). None of the
patients in the doublet arm received venetoclax during frontline therapy.
At our institution, the number of FLT3mutated patients who received HMA
with venetoclax therapy was very small as we have preferentially enrolled
FLT3 mutated patients on FLT3 inhibitor containing doublet or triplet
regimens. Hence they were not included in this analysis, although the
recent pooled VIALE-A and phase IB analysis provides contemporary
outcome information on this population [9].

Study design and statistics
This was a retrospective, non-randomized analysis of outcomes in FLT3
mutated older/unfit patients treated at our institution in the specified time
period. Responses were defined per international working group (IWG)
2003 criteria [23]. Composite complete remission (CRc) constituted CR and
CR with incomplete blood count recovery (CRi). Response rates were
recorded as the best response rates achieved at anytime point during
frontline therapy. Relapse was defined by the detection of more than 5%
blast in a bone marrow aspirate or by the biopsy-proven extramedullary
myeloid sarcoma.
Baseline patient characteristics were evaluated using median for

continuous variables and frequency for categorical variables. Categorical
variables were compared for significance using the chi-square or Fisher’s
exact test, and continuous variables were analyzed using the independent
samples median test. OS was calculated from the start date of induction
chemotherapy to the date of death due to any reason; censored at the last
follow-up. Relapse-free survival (RFS) was calculated from the start date of
induction therapy to the date of disease progression, death due to any
cause, or last documented follow-up. Kaplan-Meier method was performed
to calculate the probability of OS, and log-rank test was used to compare
OS and RFS between groups of patients. Cox proportional hazards
regression model was used to evaluate the effect of key variables upon OS.
Statistical analyses were performed in SPSS© (version 26).

Fig. 1 Flow diagram demonstrating specific FLT3 inhibitor used in the doublet vs. triplet arms. Among the 87 patients enrolled, 60
received doublet therapy and 27 received triplet therapy. In the doublet arm, hypomethylating agents (83%) and cladribine+/− low-dose
cytarabine (17%) were used as low-intensity chemotherapy backbones. The most common FLT3 inhibitor in the doublet arm was sorafenib
(60%), followed by quizartinib (27%), and midostaurin (13%). In the triplet arm, all patients received a hypomethylating agent (decitabine or
azacitidine) as low-intensity chemotherapy backbone. Gilteritinib (44%) and sorafenib (37%) were the most common FLT3 inhibitors used in
the triplet arm. ITD internal tandem domain, TKD tyrosine kinase domain; AML acute myeloid leukemia, FLT3i FLT3 inhibitor, VEN venetoclax.
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RESULTS
Of the 87 older/unfit patients with newly diagnosed FLT3-mutated
AML treated at our institution, 60 (69%) and 27 (31%) received
doublet (LIC+ FLT3 inhibitor) and triplet (LIC+ FLT3 inhibitor +
Venetoclax) regimens, respectively (Fig. 1). LIC backbone consisted
of HMA (83%) and cladribine plus LDAC or LDAC alone (17%) in
the doublet cohort (Fig. 1). All patients (100%) in the triplet arm
received HMA as the LIC backbone. Baseline clinical characteristics,
including age, kidney/liver functions, cytogenetics, and molecular
aberrations, were similar between the patients treated with
doublet and triplet regimens (Table 1). At diagnosis, FLT3 ITD AR
was higher in the doublet arm than in the triplet arm, 0.71 versus.
0.41 (p < 0.01). None of the patients in the doublet arm had an
isolated FLT3-D835 mutation, but five (18%) had an isolated FLT3-
D835 in the triplet arm (p < 0.01).

Prior to the availability of gilteritinib in 2018, sorafenib and HMA
combination was the most commonly used therapy for older/unfit
patients at our institution. Hence, sorafenib was the most common
FLT3 inhibitor of choice (60%) for patients who received doublet
therapy (mostly between 2012-2017) until we started exploring
triplet regimens in 2018 onwards once HMA with venetoclax was
US FDA approved (Fig. 1). With the FDA approval of gilteritinib in
2018 and the more recent time frame of use of triplets, gilteritinib
was the most common FLT3 inhibitor (44%) in patients who
received triplet therapy (Fig. 1).

Response to Therapy
Of the 60 patients treated with the doublet regimens, 44 (73%)
received a first-generation FLT3 inhibitor (36 sorafenib, 8
midostaurin) and 16 (27%) a second-generation FLT3 inhibitor
(quizartinib). We noted no statistically significant difference in CR/
CRi (64% versus 88%, P= 0.07), CR (27% versus 44%, P= 0.40),
FLT3-PCR negativity (50% versus 62%, P= 0.49) or MFC negativity
(35% versus 42%, P= 0.60) rates in patients treated with first- (n=
44) or second-generation (n= 16) FLT3 inhibitor based doublets
(Fig. 2A).
In the triplet group, 12 (44%), 10 (37%), 4 (15%), and 1 (4%)

patients received gilteritinib, sorafenib, quizartinib, and mid-
ostaurin added to LIC and venetoclax backbone, respectively.
Triplet therapy was associated with significantly higher CR/CRi
(93% versus 70%, P= 0.02), FLT3-PCR negativity (96% versus
54%, P < 0.01), and MFC negativity (83% versus 38%, P < 0.01)
rates compared with the doublet regimens (Fig. 2B). Triplet
regimens not only resulted in higher CR/CRi rates, but
importantly in a meaningfully higher true CR rates (67% versus
32%, P= 0.002).
Responses occurred earlier with the triplet. The median cycles

to achieve the best response were 1 [range 1-4] and 2 cycles
[range 1–5] with triplet and doublet regimens, respectively. At the
end of cycle 1, the CR/CRi (85% [N= 23] versus. 43% [N= 26], P <
0.01) and CR (48% [N= 13] versus 12% [N= 7], P < 0.01) rates were
significantly higher in the triplet versus doublet group (Supple-
mentary Table 4). Responses beyond cycle 1 were more common
with the doublet: 8% and 27% of the patients achieved CR/CRi in
cycle #2 or later in triplet and doublet arms, respectively. The
median days to ANC recovery >500/mm3 among patients who
achieved a CRc on triplet versus doublet regimens was 40 versus
21 days (P= 0.15). The median days to platelet recovery >50,000/
mcL among patients who achieved a CRc on triplet versus doublet
regimens was 29 versus 25 days, P= 0.6 (Fig. 3). Interestingly,
when all patients were considered, 14/27 (52%) versus 20/60
(33%) (P= 0.1) of triplet versus doublet patients had an absolute
ANC > 500/mm3 by Day 42 from the start of therapy (Day 1). By
Day 42 of therapy, 20/27 (74%) versus 17/60 (28%) (P < 0.01) of
patients on triplet versus doublet had a platelet count greater
than 50,000/mcL. This was reflected in the similarity of 60-day
mortality between triplets and doublets; 7% (n= 2) versus 10%
(n= 6), P= 0.70, respectively.
Deaths in CRc were noted in 3 (11%) patients treated on triplets

and were attributed to infections (N= 2), and unknown (N= 1).
Deaths in CRc were noted in 12 (20%) patients treated on doublets
and were attributed to infection (N= 5), unknown (N= 5), post-
ASCT complication (N= 1), intracranial hemorrhage (N= 1). One
(4%) and 4 (6%) patients discontinued therapy due to treatment-
related adverse events on triplet versus doublet regimens.

Survival
The median follow-up time was shorter in the triplet arm than in
the doublet arm, 12 versus 63 months (p < 0.01), reflecting the
more recent use of triplet regimens at our institution (mostly mid-
2018 onwards). Patients treated with a triplet regimen achieved
longer median OS compared with patients treated with a doublet
regimen (NR versus 9.5 months, P < 0.01) (Fig. 4A). The median OS

Table 1. Clinical characteristics of patients treated with doublet vs.
triplet regimens.

Characteristics Doublet
(N= 60)
N (%), Median
[Range]

Triplet
(N= 27)
N (%), Median
[Range]

P

Median age, years 71 [51–83] 69 [40–85] 0.17

Age ≥75 years old 22 (37) 7 (26) 0.32

Male gender 30 (50) 11 (41) 0.42

Type of AML

De novo 43 (71) 20 (74) 0.97

Secondary AML 7 (12) 3 (11)

Therapy related 10 (17) 4 (15)

WBC, x109/L 5.3 [0.3–164] 4.2 [1–201] 0.62

Hemoglobin, g/dl 9.2 [7–13] 9.0 [6–12] 0.12

Platelets, x109/L 27 [3–326] 53 [9–116] 0.01

Creatinine 0.9 [0.5–4.5] 0.9 [0.5–2.2] 0.9

Total Bilirubin 0.6 [0.2–7.9] 0.5 [0.2–1.6] 0.29

Peripheral blood
blasts, %

26 [0–98] 19 [0–89] 0.7

Bone marrow blasts, % 70 [22–97] 60 [22–85] 0.39

Cytogenetics

Diploid 37 (62) 13 (48) 0.57

Complex/−5/−7 6 (10) 5 (19)

Other 12 (20) 7 (26)

Insufficient Metaphase 5 (8) 2 (7)

FLT3 Mutation

ITD (only) 53 (88) 21 (78) <0.01

D835 (only) 0 (0) 5 (18)

ITD/D835 (both) 7 (12) 1 (4)

Baseline Allelic Ratio

ITD 0.71 [0.06–4.1] 0.41 [0–3.34] <0.01

D835 0 [0-0.41] 0 [0-0.46] 0.17

Other Mutations

NPM1 30/58 (52) 12/27 (44) 0.53

DNMT3A 23/57 (40) 11/26 (42) 0.86

RAS 8/56 (14) 4/27 (15) 0.94

IDH2 8/57 (14) 5/27 (18) 0.59

RUNX1 4/39 (10) 3/27 (11) 0.91

CEBPA 5/53 (9) 1/27 (4) 0.35

ASXL1 3/39 (8) 2/27 (7) 0.96

IDH1 4/57 (7) 3/27 (11) 0.52

TP53 4/52 (7) 1 /27 (4) 0.49

Doublet, low-intensity chemotherapy+ FLT3 inhibitor; Triplet, low-
intensity chemotherapy+ FLT3 inhibitor+ venetoclax; N number, AML
acute myeloid leukemia, WBC white blood cell, L liter, dl deciliter, ITD
internal tandem duplication.

M. Yilmaz et al.

3

Blood Cancer Journal           (2022) 12:77 



in patients treated in the three groups: Triplets, doublets with
second-generation (quizartinib or gilteritinib) FLT3 inhibitors, and
doublets with first-generation (midostaurin or sorafenib) FLT3
inhibitors, were NR, 15.7 months, and 8.7 months, respectively (P
< 0.01) (Fig. 4B). There was no statistically significant OS difference
between patients treated with first- versus second-generation
FLT3 inhibitor based doublets (P= 0.19) (Fig. 4B). RFS was also
longer in the triplet arm than in the doublet arm (p= 0.03)
(Supplementary Fig. 2).

In the triplet arm, 11 patients (40%) received a first-
generation FLT3 inhibitor (10 sorafenib and 1 midostaurin)
and 16 (60%) received a second-generation FLT3 inhibitor (12
gilteritinib and 4 quizartinib) added to the HMA and venetoclax
backbone. Although the OS numerically appeared to be the best
in patients treated with a second-generation FLT3 inhibitor
based triplet regimen (Supplementary Fig. 3A, B), this was not
statistically significant with median OS currently NR for both the
first- and second-generation FLT3 inhibitor triplets (P= 0.37),

M. Yilmaz et al.
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possibly due to the small comparator numbers in these two
subsets.
We performed a subgroup analysis to determine the effect of

FLT3-ITD AR (high [≥0.5] vs. low [<0.5]) on OS. In comparison to
doublet regimens, triplet regimens were associated with a
significantly longer OS in patients with a high AR (not reached
vs. 9.1 months) or a low AR (not reached vs. 15.7 months)
(Supplementary Fig. 4A, B). This finding, however, did not reach
statistical significance due to the small sample size. Additionally,
we used cox regression analysis to determine the effect of AR and
treatment regimen on OS and discovered that AR (high vs. low)
had no significant effect on OS (HR 0.7, CI [0.4–1.3], p= 0.28) when
evaluated in the same model. On the other hand, treatment with a
doublet regimen was associated with inferior OS (HR 3.2, CI
[1.2–9.2], p= 0.024). (Supplementary Table 5)

Measurable residual disease
The median time to the best MFC-based MRD (from the date of
treatment start to the date that best MRD response achieved) was
2.6 m (range, 0.6–9.0 m). Achievement of MFC negativity (sensi-
tivity of 10−3) was associated with superior OS. The median OS
was 21 months in MFC negative patients versus 14.8 months in
patients with positive MFC as best MRD response, P= 0.02
(Supplementary Fig. 5A). However, FLT3-PCR negativity was not
associated with statistically significant OS improvement (Supple-
mentary Fig. 5B), possibly due to the lower sensitivity (sensitivity
of 10−2) of our in-house FLT3-PCR assay used in these analyses.
The higher MFC negativity (83% versus 38%, P < 0.01) rates with
the triplet may also have contributed to the earlier and better
restoration of hematopoiesis, resulting in the higher true CR rates
and improved OS.

Allogeneic stem cell transplantation
With a median time to ASCT of 4 months [range 2.5–7.6 months],
14 patients (16%) underwent ASCT in CR1. A landmark analysis
(Supplementary Fig. 6A) at 4-month (median time to ASCT) (n=
50) demonstrated that patients who received ASCT in CR1 had
superior OS than patients who did not receive ASCT in CR1; the
median OS was NR and 19 months, respectively, p= 0.01
(Supplementary Fig. 6B). Patients treated with triplet regimens
were more likely to proceed to ASCT in CR1 than patients treated
with doublet regimens potentially due to the higher CR/CRi and
CR rates with the triplet; 30% (N= 8) vs. 10% (N= 6), respectively
(P= 0.02). Using the same 4-month landmark analysis, we
separately analyzed patients treated with a doublet and triplet
regimen. We observed that ASCT appeared to impact OS in
patients treated with doublets positively; the median OS was NR
versus 18.5 months in ASCT versus no ASCT patients, p= 0.016
(Supplementary Fig. 6C). However, the median OS in the triplet
group was similar irrespective of ASCT; Not reached in both
transplanted and non-transplanted patients (P= 0.82) (Supple-
mentary Fig. 6D). Of note, this analysis is quite limited by the

triplet arm’s limited numbers and short follow-up. Among ASCT
recipients, 3 patients died postASCT: 1 patient was treated with
azacitidine+ venetoclax+ sorafenib, and relapsed at post-ASCT
day 90; 1 patient was on LDAC+ quizartinib and relapsed at post-
ASCT day 100; 1 patient received azacitidine+ sorafenib, and died
in CR 2 years after ASCT due to anticoagulant related major
bleeding.

DISCUSSION
First- and second-generation FLT3 inhibitor based doublet regi-
mens were associated with comparable CRc and CR rates and OS
in older/unfit adults with newly diagnosed FLT3 mutated AML.
However, the addition of venetoclax to the HMA and FLT3
inhibitor combination was associated with improved outcome
parameters in this retrospective, contemporary analysis of front-
line older/unfit FLT3 mutated patients treated at our institution.
The CR/CRi, CR rates, MFC negativity, and the 2-year OS rates were
all statistically and clinically meaningfully improved at 93% vs.
70%, 67% vs. 32%, 83% vs. 38%, and 70% vs. 22% in patients
treated with frontline triplet and doublet regimens, respectively
(Figs. 2B and 4A). The 60-day mortality rates (7% [n= 2] vs 10% [n
= 6]) and death in CRc rates (11% [n= 3] vs 20% [n= 12]), were
similar between the triplet and doublet regimens, respectively,
potentially due to a more than doubling of the CR rates with
triplets which surprisingly led to a higher absolute proportion of
patients achieving ANC > 500/mm3 (52% versus 33%) and
platelets count >50,000/mcL (74% versus 28%) by Day 42 from
the start of the triplet versus the doublet therapy. These data
suggest that triplets could be safely delivered in this frontline
older/unfit population with optimal monitoring and dose adjust-
ments in centers with experience with venetoclax based regimens
and adequate supportive care capabilities.
Patients receiving the triplet regimen achieved their best

response more rapidly than patients receiving the doublet
regimen. In patients who received triplet or doublet regimens,
the median number of cycles to achieve CR/CRi was 1 and 2,
respectively. However, among the group of patients who
responded at the end of the first cycle, it is important to note
that the time to achieve ANC > 500 was indeed longer with triplet
regimens (median 40 days) than with doublet regimens (median
21 days). These findings suggest that, while recovering counts
takes longer, with triplet regimen, patients are more likely to
achieve their best response faster, and eventually, more of the
patients will have a proper count recovery but patients need to be
closely followed and supported through the initial cycles of the
triplet with an expectation of antecedent myelosuppression. It is
important to note that the majority of the patients reported in this
study were treated at our institution in prospective clinical trials
(Supplementary table 2). In earlier phases of these trials, in cycle 1,
patients in the triplet cohort were given venetoclax and FLT3
inhibitors for up to 28 days (Supplementary Fig. 1). Later, due to

Fig. 2 Comparison of remission rates and measurable residual disease (MRD) negativity rates in patients treated with 1st generation
FLT3i doublets vs. 2nd generation FLT3i doublets (A) and doublets vs. triplets (B). A. Of the 60 patients treated with the doublet regimens,
44 (73%) received a first-generation FLT3i and 16 (27%) a second-generation FLT3i. We noted no statistically significant difference in CR/CRi
(64% versus 88%, P= 0.07α),CR (27% versus 44%, P= 0.40β), FLT3 PCR (50% versus 62%, P= 0.49) or MFC negativity (35% versus 42%, P= 0.60)
rates in patients treated with first- (n= 44) or second-generation (n= 16) FLT3i based doublets. Both PCR and MFC testing were missing in 2
responders in group treated with a 1st generation FLT3 inhibitor. PCR and MFC testing were missing in 3 and 2 responders, respectively, in
group received a 2nd generation FLT3 inhibitor. B The rates of CR/CRi (93 versus 70%, P= 0.02α), FLT3 PCR negativity (96% versus 54%, P <
0.01), and MFC negativity (83% versus 38%, P < 0.01) were significantly higher with the triplet regimen than with the doublet regimen. Triplet
regimens not only resulted in higher CR/CRi rates, but importantly in a meaningfully higher true CR rates (67% versus 32%, P < 0.01β). PCR and
MFC testing were missing in 3 and 2 responders, respectively in doublet arm. MFC testing was missing in 1 responder in triplet arm. MRD
assessments were performed by multicolor flow cytometry (MFC, sensitivity of 10−3) and multiplex polymerase chain reaction (FLT3-PCR,
sensitivity of 10−2) for ITD and kinase domain (D835). LIC low intensity chemotherapy, FLT3i FLT3 inhibitor, VEN venetoclax; CR/CRi complete
response/complete response with incomplete count recovery, PCR RT-polymerase chain reaction assay for FLT3; MFC multicolor flow
cytometry; Neg., negative.
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Fig. 3 Time to neutrophil (A) and platelet recovery (B) at the end of cycle 1 with doublet vs. triplet regimens. A The median time to
absolute neutrophil count (ANC) > 500/mm3 is 21 days (95% CI: 16–46 days) in the doublet group and 40 days (95% CI: 33–48 days) in the
triplet group, HR 1.68 (95% CI: 0.83–3.41), p= 0.15. B The median time to platelet > 50,000 microliter is 25 days (95% CI: 22–53 days) in the
doublet group and 29 days (95% CI: 23–41 days) in the triplet group. HR 0.84 (95% CI: 0.41–1.72), p= 0.6. ANC absolute neutrophil count (per
mm3); Platelet (per microliter); 50k, 50,000.
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Fig. 4 Overall survival in patients treated with doublets vs. triplets (A) and triplets vs. 1st generation FLT3i-based doublets vs. 2nd

generation FLT3i-based doublets (B). A The median follow-up time was shorter in the triplet arm than in the doublet arm, 12 versus
63 months (p < 0.01), reflecting the more recent use of triplet regimens at our institution (mostly mid-2018 onwards). Patients treated with a
triplet regimen (green) achieved longer median OS compared with patients treated with a doublet regimen (dark blue) (NR versus 9.5 months,
P < 0.01). B The median OS in patients treated in the three groups: Triplets (green), doublets with second-generation (quizartinib or gilteritinib)
FLT3 inhibitors (dark blue), and doublets with first-generation (midostaurin or sorafenib) FLT3 inhibitors (light blue) were NR, 15.7 months, and
8.7 months, respectively (P < 0.01). There was no statistically significant OS difference between patients treated with first- vs. second-
generation FLT3i-based doublets (P= 0.19). LIC low intensity chemotherapy, FLT3i FLT3 inhibitor, VEN venetoclax, OS overall survival, m
month, NR not reached.
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the prolonged count recoveries observed, these protocols were
amended to limit the duration of venetoclax and FLT3 inhibitors to
14 days or less with incorporation of a Cycle 1 Day 14 bone
marrow. With these modifications, ANC recovery time was
reduced to less than 40 days. This reduction in the duration of
the venetoclax to 14 days in cycle 1 and if needed further
reduction in the venetoclax duration to allow for improved count
recovery in subsequent cycles is a key point to highlight as this
approach is different from what is frequently done with the HMA-
venetoclax doublet wherein 21–28 days of venetoclax are often
given in cycle 1 of therapy. These phase I/II clinical trials
(NCT03404193, NCT03661307, NCT04140487) continue to enroll
patients to optimize triplet dose schedule in FLT3 mutated AML.
Treatment options and outcomes for older adults with FLT3

mutated AML who are unsuitable for intensive induction
chemotherapy are limited, and improvements are urgently
needed [4, 5]. The expected median OS with HMA with FLT3
inhibitors (HMA with sorafenib, HMA with midostaurin, HMA with
gilteritinib) or HMA with venetoclax induction regimen are 8 to
12.5 months, with 2-year OS of <30% with any of these doublets
[4, 5, 7, 9]. Similarly, in our analysis, patients treated with first-
generation FLT3 inhibitor based doublet regimens (with sorafenib
or midostaurin) had a median OS of 8–9 months. Although
statistically not significant, likely due to the small comparator
numbers (N of 16), the second-generation FLT3 inhibitor based
doublets (all with quizartinib) in our analysis resulted in a
numerically longer median OS (16 months) than first-generation
doublets (Fig. 4B). A total of 27 patients were treated with triplet
regimens, which included HMA, a FLT3 inhibitor, and venetoclax.
The median OS was not reached in patients treated with triplet
regimens with a projected 2-year OS of 70%, although it must be
noted that the median follow-up for the triplets at this time is only
12 months as the triplet approach (on or off clinical trials) is
relatively new starting around mid-2018 when HMA with
venetoclax was US FDA approved and emerged as the frontline
standard of care for the older/unfit AML patients (Fig. 4A).
While the observed outcomes with triplet therapies were

statistically superior to those with doublet regimens in this
retrospective single center analysis, this study has limitations and
should be interpreted accordingly. The median duration of follow-
up was significantly shorter in the triplet arm (12 vs. 63 months,
p0.01). Events that occurred later in the course of treatment may
have been overlooked and continued follow-up for more mature
OS will be needed. Although the vast majority of patients received
HMA as a backbone therapy, 17% of the doublet arm received
LDAC-based regimens which may introduce bias in the compar-
isons. It is also important to note that the triplet arm had nearly
half the sample size of the doublet arm. Furthermore, although
the triplet appeared safe with early mortality <10% in spite of
prolonged neutropenia this was in the setting of a tertiary cancer
center with extensive experience with venetoclax based regimens,
dose interruptions in the setting of prolonged neutropenia,
curtailed venetoclax duration in subsequent cycles to avoid
cumulative myelosuppression, the use of prophylactic antimicro-
bials, and careful laboratory monitoring and close follow-up. An
awareness of the potential myelosuppression of the regimen and
close monitoring and interventions to mitigate myelosuppression
will be needed to successfully implement this regimen on a
broader sale. Eventually carefully designed phase II and phase III
studies are needed to confirm the efficacy and safety, and to
resolve the limitations noted in this retrospective analysis.
In conclusion, first- and second-generation FLT3 inhibitor based

doublet regimens were associated with comparable CR/CRi rates
and median OS of 9–16 months in older/unfit adults with newly
diagnosed FLT3 mutated AML. The triplet regimens (HMA+ FLT3
inhibitor+ venetoclax) significantly improved CR/CRi rates, CR
rates, MRD negativity rates, and OS leveraging the synergy of
venetoclax and FLT3 inhibitor, without increasing 60-day mortality

or deaths in remission in this retrospective single-center analysis. As
seen with many venetoclax combinations, the median time to ANC
and platelet recovery was increased in responders to the triplet
versus the doublet, especially prominent during cycle 1 and
awareness of this early prolonged myelosuppression is important.
Surprisingly however the absolute number of patients who had
ANC> 500/mm3 and platelets count >50,000/mcL by Day 42 from
the start of therapy was higher with the triplet, likely due to the
more than doubling of CR rate with the triplet. Moving forward the
duration of venetoclax in the first and subsequent cycles, the dose
of the individual FLT3 inhibitors used in the triplets, the timing of
bone marrow, duration of triplet therapy before shifting to some
form of maintenance and transportability and safety of this regimen
outside of academic centers with expertise in treating AML must be
evaluated in larger prospective (and ideally randomized) frontline
studies to confirm the efficacy and safety signals noted in our
analysis before such therapy can be safely, widely adopted,
especially outside of larger and more experiences academic centers.

REFERENCES
1. Kottaridis PD, Gale RE, Linch DC. Prognostic implications of the presence of FLT3

mutations in patients with acute myeloid leukemia. Leuk Lymphoma.
2003;44:905–13.

2. Daver N, Venugopal S, Ravandi F. FLT3 mutated acute myeloid leukemia: 2021
treatment algorithm. Blood Cancer J. 2021;11:104.

3. Stone RM, Mandrekar SJ, Sanford BL, Laumann K, Geyer S, Bloomfield CD, et al.
Midostaurin plus Chemotherapy for Acute Myeloid Leukemia with a FLT3
Mutation. N. Engl J Med. 2017;377:454–64.

4. Ohanian M, Garcia-Manero G, Levis M, Jabbour E, Daver N, Borthakur G, et al.
Sorafenib combined with 5-azacytidine in older patients with untreated FLT3-ITD
mutated acute myeloid leukemia. Am J Hematol. 2018;93:1136–41.

5. Gallogly MM, Tomlinson BK, Bunner P, Caimi P, Craig M, de Lima M, et al. A Phase
II Study of Midostaurin and 5-Azacitidine for elderly patients with acute myeloid
leukemia. Blood 2017;130:1332. Supplement 1-

6. Swaminathan M, Kantarjian HM, Levis M, Guerra V, Borthakur G, Alvarado Y, et al.
A phase I/II study of the combination of quizartinib with azacitidine or low-dose
cytarabine for the treatment of patients with acute myeloid leukemia and
myelodysplastic syndrome. Haematologica. 2021;106:2121–30.

7. Wang ES, Montesinos P, Minden MD, Lee J-H, Heuser M, Naoe T, et al. Phase 3,
Open-label, randomized study of Gilteritinib and Azacitidine Vs Azacitidine for
newly diagnosed FLT3-mutated acute myeloid leukemia in patients ineligible for
intensive induction chemotherapy. Blood 2021;138:700. Supplement 1-

8. DiNardo CD, Jonas BA, Pullarkat V, Thirman MJ, Garcia JS, Wei AH, et al. Azaci-
tidine and venetoclax in previously untreated acute myeloid leukemia. N. Engl J
Med. 2020;383:617–29.

9. Konopleva M, Thirman MJ, Pratz KW, Garcia JS, Recher C, Pullarkat V, et al. Impact
of F LT3 mutation on outcomes after venetoclax and azacitidine for patients with
treatment-naive acute myeloid leukemia. Clin Cancer Res. 2022. https://doi.org/
10.1158/1078-0432.CCR-21-3405.

10. Tahir SK, Smith ML, Hessler P, Rapp LR, Idler KB, Park CH, et al. Potential
mechanisms of resistance to venetoclax and strategies to circumvent it. BMC
Cancer. 2017;17:399.

11. Lin KH, Winter PS, Xie A, Roth C, Martz CA, Stein EM, et al. Targeting MCL-1/BCL-
XL forestalls the acquisition of resistance to ABT-199 in acute myeloid leukemia.
Sci Rep. 2016;6:27696.

12. Chyla B, Daver N, Doyle K, McKeegan E, Huang X, Ruvolo V, et al. Genetic bio-
markers of sensitivity and resistance to venetoclax monotherapy in patients with
relapsed acute myeloid leukemia. Am J Hematol. 2018;93:E202–5.

13. DiNardo CD, Tiong IS, Quaglieri A, MacRaild S, Loghavi S, Brown FC, et al.
Molecular patterns of response and treatment failure after frontline venetoclax
combinations in older patients with AML. Blood 2020;135:791–803.

14. Ma J, Zhao S, Qiao X, Knight T, Edwards H, Polin L, et al. Inhibition of Bcl-2
Synergistically enhances the antileukemic activity of midostaurin and gilteritinib
in preclinical models of FLT3-mutated acute myeloid leukemia. Clin Cancer Res.
2019;25:6815–26.

15. Singh Mali R, Zhang Q, DeFilippis RA, Cavazos A, Kuruvilla VM, Raman J, et al.
Venetoclax combines synergistically with FLT3 inhibition to effectively target
leukemic cells in FLT3-ITD+ acute myeloid leukemia models. Haematologica
2021;106:1034–46.

16. Brinton LT, Zhang P, Williams K, Canfield D, Orwick S, Sher S, et al. Synergistic
effect of BCL2 and FLT3 co-inhibition in acute myeloid leukemia. J Hematol
Oncol. 2020;13:139.

M. Yilmaz et al.

8

Blood Cancer Journal           (2022) 12:77 

https://doi.org/10.1158/1078-0432.CCR-21-3405
https://doi.org/10.1158/1078-0432.CCR-21-3405


17. Zhu R, Li L, Nguyen B, Seo J, Wu M, Seale T, et al. FLT3 tyrosine kinase inhibitors
synergize with BCL-2 inhibition to eliminate FLT3/ITD acute leukemia cells
through BIM activation. Signal Transduct Target Ther. 2021;6:186.

18. Daver N, Perl AE, Maly J, Levis M, Ritchie E, Litzow MR, et al. Venetoclax in
combination with gilteritinib demonstrates molecular clearance of FLT3 mutation
in relapsed/refractory FLT3-mutated acute myeloid leukemia. Blood
2021;138:691. Supplement 1-

19. Maiti A, DiNardo CD, Daver NG, Rausch CR, Ravandi F, Kadia TM, et al. Triplet
therapy with venetoclax, FLT3 inhibitor and decitabine for FLT3-mutated acute
myeloid leukemia. Blood. Cancer J. 2021;11:25.

20. Ravandi F, Jorgensen J, Borthakur G, Jabbour E, Kadia T, Pierce S, et al. Persistence
of minimal residual disease assessed by multiparameter flow cytometry is highly
prognostic in younger patients with acute myeloid leukemia. Cancer
2017;123:426–35.

21. Luthra R, Patel KP, Reddy NG, Haghshenas V, Routbort MJ, Harmon MA, et al.
Next-generation sequencing-based multigene mutational screening for acute
myeloid leukemia using MiSeq: applicability for diagnostics and disease mon-
itoring. Haematologica 2014;99:465–73.

22. Alotaibi AS, Yilmaz M, Kanagal-Shamanna R, Loghavi S, Kadia TM, DiNardo CD,
et al. Patterns of resistance differ in patients with acute myeloid leukemia treated
with Type I versus Type II FLT3 inhibitors. Blood Cancer Disco. 2021;2:125–34.

23. Cheson BD, Bennett JM, Kopecky KJ, Buchner T, Willman CL, Estey EH, et al. Revised
recommendations of the International Working Group for Diagnosis, Standardiza-
tion of Response Criteria, Treatment Outcomes, and Reporting Standards for
Therapeutic Trials in Acute Myeloid Leukemia. J Clin Oncol. 2003;21:4642–9.

AUTHOR CONTRIBUTIONS
MY, ND designed the study, analyzed the data, and wrote the paper. MY, SP, ND, PR
collected and analyzed the data. SL, KP, GT, SW performed the molecular and
cytogenetic analysis. MY, HK, NJS, MK, TK, CDN, GB, NP, AM, EJ, NJ, GI, KT, KS, MO,
GGM, MA, FR, ND enrolled patients. All authors contributed to data collection,
reviewed and approved the manuscript, and shared final responsibility for the
decision to submit.

FUNDING
MD Anderson Cancer Center (MDACC) Support Grant CA016672, MDACC Leukemia
SPORE CA100632, the Charif Souki Cancer Research Fund.

COMPETING INTERESTS
ND has received research funding from Daiichi Sankyo, Bristol-Myers Squibb, Pfizer,
Karyopharm, Sevier, Genentech, Astellas, Sobi, Hanmi, Fate, Gilead, Forty-Seven,
Trillium, KAHR, KITE, and ImmunoGen and has served in a consulting or advisory role
for Daiichi Sankyo, Bristol-Myers Squibb, Pfizer, Syndax, Astellas, Immunogen,
Glycostem, Novartis, Celgene, AbbVie, Arch oncology, KITE, Gilead, Servier, Trillium,
Shattuck labs, and Agios. MY received research funding from Pfizer and Daiichi
Sankyo. The authors declare no competing interests.

ADDITIONAL INFORMATION
Supplementary information The online version contains supplementary material
available at https://doi.org/10.1038/s41408-022-00670-0.

Correspondence and requests for materials should be addressed to Naval Daver.

Reprints and permission information is available at http://www.nature.com/
reprints

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims
in published maps and institutional affiliations.

Open Access This article is licensed under a Creative Commons
Attribution 4.0 International License, which permits use, sharing,

adaptation, distribution and reproduction in anymedium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative
Commons license, and indicate if changes were made. The images or other third party
material in this article are included in the article’s Creative Commons license, unless
indicated otherwise in a credit line to the material. If material is not included in the
article’s Creative Commons license and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly
from the copyright holder. To view a copy of this license, visit http://creativecommons.
org/licenses/by/4.0/.

© The Author(s) 2022

M. Yilmaz et al.

9

Blood Cancer Journal           (2022) 12:77 

https://doi.org/10.1038/s41408-022-00670-0
http://www.nature.com/reprints
http://www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Hypomethylating agent and venetoclax with FLT3 inhibitor &#x0201C;triplet&#x0201D; therapy in older/unfit patients with FLT3 mutated AML
	Introduction
	Methods
	Patient Eligibility
	Treatment Regimens
	Study design and statistics

	Results
	Response to Therapy
	Survival
	Measurable residual disease
	Allogeneic stem cell transplantation

	Discussion
	Author contributions
	Funding
	Competing interests
	ADDITIONAL INFORMATION




