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Paul Lee, MD, PhD14; and Jessica K. Altman, MD15

abstract

PURPOSE The FMS-related tyrosine kinase 3 (FLT3) inhibitor gilteritinib is standard therapy for relapsed/
refractory FLT3-mutated (FLT3mut) acute myeloid leukemia (AML) but seldom reduces FLT3mut burden or
induces sustained efficacy. Gilteritinib combines synergistically with the BCL-2 inhibitor venetoclax in preclinical
models of FLT3mut AML.

METHODS This phase Ib open-label, dose-escalation/dose-expansion study (ClinicalTrials.gov identifier:
NCT03625505) enrolled patients with FLT3 wild-type and FLT3mut (escalation) or FLT3mut (expansion) relapsed/
refractory AML. Patients received 400mg oral venetoclax once daily and 80mg or 120mg oral gilteritinib once daily.
The primary objectives were safety, identification of the recommended phase II dose, and the modified composite
complete response (mCRc) rate (complete response [CR] 1 CR with incomplete blood count recovery 1 CR with
incomplete platelet recovery1morphologic leukemia-free state) using ADMIRAL phase III–defined response criteria.

RESULTS Sixty-one patients were enrolled (n5 56 FLT3mut); 64% (n5 36 of 56) of FLT3mut patients had received
prior FLT3 inhibitor therapy. The recommended phase II dose was 400 mg venetoclax once daily and 120 mg
gilteritinib once daily. The most common grade 3/4 adverse events were cytopenias (n 5 49; 80%). Adverse
events prompted venetoclax and gilteritinib dose interruptions in 51% and 48%, respectively. The mCRc rate for
FLT3mut patients was 75% (CR, 18%; CR with incomplete blood count recovery, 4%; CR with incomplete platelet
recovery, 18%; and morphologic leukemia-free state, 36%) and was similar among patients with or without prior
FLT3 inhibitor therapy (80% v 67%, respectively). The median follow-up was 17.5 months. The median time to
response was 0.9 months, and the median remission duration was 4.9 months (95% CI, 3.4 to 6.6). FLT3
molecular response (, 1022) was achieved in 60% of evaluable mCRc patients (n 5 15 of 25). The median
overall survival for FLT3mut patients was 10.0 months.

CONCLUSION The combination of venetoclax and gilteritinib was associated with high mCRc and FLT3molecular
response rates regardless of prior FLT3 inhibitor exposure. Dose interruptions were needed to mitigate
myelosuppression.

J Clin Oncol 40:4048-4059. © 2022 by American Society of Clinical Oncology
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INTRODUCTION

Despite advances in frontline treatment with re-
cently approved therapies for acute myeloid leu-
kemia (AML), most patients experience relapsed/
refractory (R/R) disease.1,2 R/R AML has a median
overall survival (OS) of 4-7 months with standard
chemotherapy approaches,3-7 emphasizing the
importance of newly approved targeted therapies
and the need for additional treatment options.8-10

Activating mutations in FMS-related tyrosine kinase
3 (FLT3), including internal tandem duplications
(FLT3-ITD) and tyrosine kinase domain mutations
(FLT3-TKD), occur in approximately 30% of newly
diagnosed AML cases.11-13 FLT3-ITD mutations are

associated with higher relapse rates and reduced
survival in newly diagnosed and R/R AML.14-17 FLT3
inhibition is a successful clinical strategy for treating
FLT3-mutated (FLT3mut) AML, with FLT3-targeting
tyrosine kinase inhibitors (TKIs) midostaurin and gil-
teritinib currently approved.11 Gilteritinib, a selective,
potent oral FLT3 inhibitor with activity against FLT3-
ITD and FLT3-TKD AML,18,19 was approved for pa-
tients with R/R FLT3mut AML on the basis of improved
response and survival versus salvage chemotherapy in
the phase III ADMIRAL study.8

Although single-agent gilteritinib has improved treat-
ment of R/R FLT3mut AML, the 2-year OS rate is ap-
proximately 20%20 and few patients achieve deep and/
or durable responses. Of responding patients, only
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25% achieved molecular response (defined as FLT3 var-
iant allele frequency [VAF] , 1022), a benchmark
appearing to predict better survival.21-23 Furthermore,
emerging data suggest that gilteritinib alone may have
reduced efficacy in patients with R/R FLT3mut AML who
received prior FLT3 TKIs, which are now routinely incor-
porated into frontline therapy.24-26 Post hoc analysis of the
ADMIRAL trial revealed numerically shorter median OS in
those with previous exposure to FLT3 TKIs versus those
without (6.5 v 9.6 months), despite similar composite
complete response (CRc) rates (48% v 55%).24 Preclinical
and clinical correlative studies of FLT3 inhibitors also in-
dicate that a major mechanism of response is induction of
terminally differentiated leukemic blasts to neutrophils;
however, in many cases, this mechanism alone is not
sufficient to completely eradicate FLT3mut clones without
additional therapy.27-29 Improving gilteritinib efficacy likely
requires combination with other antileukemic agents to
avoid clonal evolution of persistent FLT3mut clones.30

Venetoclax, a selective, oral BCL-2 inhibitor, is approved and a
standard treatment in combination with low-dose cytarabine or
hypomethylating agents for newly diagnosed AML in patients
ineligible for intensive chemotherapy.31,32 Although single-
agent venetoclax has limited activity in R/R AML,33 in vitro
studies have shown synthetic lethality with venetoclax com-
bined with FLT3 inhibitors in preclinical models.34-37 We
reasoned that this combination might induce earlier, deeper
elimination of FLT3mut clones that drive chemotherapy-
resistant disease. This study evaluated venetoclax combined
with gilteritinib (VenGilt) in patients with R/R FLT3mut AML.

METHODS

Study Design and Conduct

This phase Ib, multicenter, open-label study (Clinical-
Trials.gov identifier: NCT03625505; Data Supplement,

online only) enrolled patients from 11 US centers. Dose
escalation used a Bayesian optimal interval design to es-
tablish a maximum tolerated dose and recommended
phase II dose (RP2D) that were explored in the dose-
expansion portion (Data Supplement). The study protocol
was approved by the Institutional Review Board or Ethics
Committee at each participating institution and was per-
formed in accordance with the Declaration of Helsinki. All
patients provided written informed consent.

Patients

Patients age $ 18 years diagnosed with AML per the WHO
(2016)38 who failed $ 1 prior line of AML therapy were
eligible (no salvage limit). Patients had an Eastern Coop-
erative Oncology Group performance status of 0-2, ade-
quate liver and kidney function, no history of advanced
heart failure or long-QT syndrome, and white blood cell
counts # 25 3 109/L at study drug initiation. Hydroxyurea
was permitted for cytoreduction (screening through cycle 1).
Patients in dose escalation could have FLT3mut or FLT3-wild
type (FLT3WT) R/R AML. Patients in dose expansion had to
have documented FLT3mutation (ITD or TKD) in the bone
marrow (BM) or peripheral blood per local laboratory assay.
Previous exposure to venetoclax and/or FLT3 TKIs was
allowed. Prior gilteritinib exposure was only allowed for dose
escalation. The Protocol (online only) lists full enrollment
criteria.

Treatment and Assessments

Gilteritinib was given orally, once daily beginning cycle
1/day 1 at 80 or 120mg for dose escalation. Venetoclax was
given orally, once daily starting cycle 1/day 2 with 3-day
dose ramp-up (day 2, 100 mg; day 3, 200 mg; and days
4-28, 400 mg) and continued at 400 mg for cycles 2 and
beyond. Protocol-specified optional higher venetoclax dose
cohorts (600-800 mg) were not explored on the basis of
satisfactory results from the 400 mg cohorts. Venetoclax

CONTEXT

Key Objective
The FLT3 inhibitor gilteritinib is highly active in advanced, FLT3-mutated (FLT3mut) acute myeloid leukemia (AML) but not

curative. We sought to develop a tolerable combination regimen for outpatient use with improved response rate, depth,
and durability relative to gilteritinib alone. The BCL-2 inhibitor venetoclax is synergistic with gilteritinib in preclinical
models of FLT3mut AML, but this combination has not been previously studied clinically.

Knowledge Generated
Through a multicenter phase Ib study in patients with relapsed/refractory FLT3mut AML, we showed that the combination of

venetoclax and gilteritinib was tolerable at standard doses of each drug, generated remarkably high response rates, and
markedly reduced FLT3-internal tandem duplications mutation burden. The major toxicity was myelosuppression, which
was manageable with dosing modification. Early mortality was similar to gilteritinib monotherapy.

Relevance
The combination of venetoclax and gilteritinib is a highly active and tolerable oral combination regimen that potentially improves

response frequency and depth over existing standards in a high-risk, mutation-defined group of patients with AML.
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dose was adjusted for concomitant use of moderate/strong
CYP3A inhibitors per the US Food and Drug Administration
label39 (strong CYP3A inducers were prohibited; Protocol).
VenGilt was given in 28-day cycles and continued until
disease progression, unacceptable toxicity, consent with-
drawal, physician decision, or noncompliance with study
procedures. Patients received prophylaxis for tumor lysis
syndrome, including hydration, uric acid–reducing agents,
and blood chemistrymonitoring, from the day before through
24 hours after ramp-up. Growth factor support was allowed
per investigator discretion after achievement of BM remis-
sion (, 5%blasts) or in the neutropenic sepsis setting. Dose-
limiting toxicities (DLTs) were defined as the following events
occurring within the DLT evaluation period (during cycle 1):
grade $ 4 nonhematologic toxicity; absolute neutrophil
count (ANC) , 500/mL (grade 4) or platelets , 25,000/mL
(grade 4) for . 14 days off therapy without evidence of
leukemia (, 5% blasts) in the BM or blood, or . 42 days
from therapy initiation, whichever is longer. Disease as-
sessments were performed using BM samples collected at
screening, cycle 1/day 28, and every three cycles thereafter.
Responses were evaluated on the basis of guidelines
adapted from the International Working Group for AML.40

FLT3-ITD measurable residual disease was assessed using
next-generation sequencing of DNA isolated from BM as-
pirates collected at protocol-specified time points (screening,
cycle 1/day 28, and every three cycles thereafter) and ad hoc
(after first study drug dose) with a detection limit of , 1026

(Invivoscribe, San Diego, CA). Molecular response
was defined as FLT3-ITD VAF , 1022 as previously
published.21,22 The Data Supplement describes peripheral
blood collection for pharmacokinetic analyses, molecular
data assessments, and electrocardiogram assessments.

Outcomes

Primary objectives in dose escalation were to assess safety
of VenGilt, characterize DLTs, determine the RP2D, and
describe pharmacokinetic parameters of venetoclax and
gilteritinib. In dose expansion, the primary objective was to
evaluate VenGilt efficacy using modified composite com-
plete response (mCRc) rate among RP2D-treated patients
with FLT3mut R/R AML. CRc rate was defined as the rate of
complete response (CR) 1 CR with incomplete platelet
recovery (CRp)1 CR with incomplete blood count recovery
(CRi); mCRc was defined to match ADMIRAL response
criteria (CRc 1 morphologic leukemia-free state [MLFS]).8

Secondary objectives were to evaluate VenGilt safety at the
RP2D and further evaluate efficacy, including CRc rate,
mCRc duration of response (DOR), CR 1 CR with partial
hematologic recovery rate, and CR 1 CR with partial he-
matologic recovery DOR. Exploratory objectives were OS,
CRc DOR, and correlative biomarker evaluation.

Statistical Analyses

Planned enrollment was originally 34 patients in dose ex-
pansion on the basis of a modified Simon’s Minimax 2-stage

design33 using CRc as the primary end point. We assumed a
historical CRc rate of 46% (on the basis of the CHRYSALIS
study with single-agent gilteritinib18) and a target CRc rate
of 70%, yielding a one-sided type I error rate of 2.5% and a
power of 80%. After publication of the ADMIRAL study,
which reported responses as CRc1MLFS, the primary end
point was updated to match the same criteria of CRc 1
MLFS (termed mCRc in this study) to allow VenGilt data to
be put into context with single-agent gilteritinib outcomes.8

At the time of this change, 51 patients were enrolled in the
trial. On the basis of the primary end point change, the
target mCRc rate was updated to 86.2% and planned
enrollment was updated to 46 patients in dose expansion
(yielding approximately 50 patients with R/R FLT3mut AML
to be treated at the RP2D in escalation/expansion) to attain
a precision that we defined as a Clopper-Pearson 95% CI
for a mCRc of 73% to 94%.

Safety and efficacy assessments included patients who
received $ 1 dose of study drug. Response rates were
summarized with Clopper-Pearson 95% CIs. OS and DOR
were assessed as medians with corresponding 95% CI
using Kaplan-Meier estimation. DOR was defined as the
time from achieving response until initiation of subsequent
anticancer therapy or allogeneic stem-cell transplant
(alloSCT), progressive disease, or death. Pharmacokinetic
parameters were determined using noncompartmental
methods. Adverse events (AEs) were graded on the basis of
the National Cancer Institute Common Terminology Criteria
for Adverse Events version 5.0.

RESULTS

Patients and Disposition

Between October 29, 2018, and December 30, 2020, 61
patients were enrolled (Fig 1). The median age was 63
(range, 21-85) years; 19 of 61 patients (31%) received prior
alloSCT, 10 of 61 (16%) received prior venetoclax, and
none received prior gilteritinib (Table 1). Of 56 patients with
FLT3mut, 36 (64%) had prior FLT3 TKIs (14 of 56 [25%]
received . 1).

The median duration of exposure was 2.6 (range, 0.07-
16.8) months for venetoclax (Data Supplement) and 2.6
(range, 0.1-17.2) months for gilteritinib (Data Supplement).
All patients have discontinued the study as of the data
cutoff of November 10, 2021 (Fig 1).

Dose Escalation and Pharmacokinetics

Fifteen patients were enrolled to dose escalation (Fig 1 and
Data Supplement). Five patients had FLT3WT AML. One pa-
tient, who received 80mg gilteritinib once daily, experienced a
DLT of prolonged myelosuppression with hypocellular BM.
Both drugs were held until counts recovered after treatment
with granulocyte colony-stimulating factor (G-CSF).

Venetoclax exposures did not appear to vary with increasing
doses of gilteritinib (Data Supplement). Exposures of
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venetoclax and gilteritinib when coadministered were
similar to those described for each drug alone,41,42 indi-
cating no apparent drug-drug interaction. Although the
protocol allowed for higher venetoclax dose cohorts,
400 mg venetoclax once daily plus 120 mg gilteritinib once
daily was chosen as the RP2D because of achievement of
sufficient response rates and concerns of worsening
myelosuppression at higher doses of venetoclax.

Safety

Fifty-nine of 61 patients (97%) experienced a grade 3/4 AE
irrespective of attribution (Table 2). The Data Supplement
summarizes AEs of special interest. No cases of posterior
reversible encephalopathy syndrome or differentiation syn-
drome occurred. Forty-six patients (75%) experienced a se-
rious AE (Data Supplement), most commonly ($ 10%) febrile
neutropenia (27 of 61, 44%) and pneumonia (8 of 61, 13%).
The most common ($ 25%) grade 3/4 AEs related to ven-
etoclax and gilteritinib, respectively (Data Supplement) were

white blood cell count decreased (36%; 33%), platelet count
decreased (25%; 20%), and anemia (25%; 20%). AEs led to
venetoclax and gilteritinib interruptions of any length in 31 of
61 (51%; Data Supplement) and 29 of 61 patients (48%; Data
Supplement), respectively. Nine of 61 patients (15%) dis-
continued venetoclax, and 8 of 61 patients (13%) dis-
continued gilteritinib because of AEs (Data Supplement). The
Data Supplement shows dose adjustments for each individual
patient throughout treatment.

Forty-nine patients (80%) experienced a grade 3/4
cytopenia, leading to venetoclax and gilteritinib dose
interruptions $ 7 days in 8 of 61 (13%) and 5 of 61 (8%)
patients, respectively (Data Supplement). Twenty-five of 42
patients in mCRc (60%) experienced grade 3/4 cytopenias
while in mCRc, leading to venetoclax and gilteritinib dose
interruptions$ 7 days in six and five patients, respectively.

The 30-day and 60-day mortality rates were 0 and 13%
(8 of 61), respectively, in all patients (0 and 13% [7 of 56] in

Patients screened (N = 82)

Not enrolled                                    (n = 21)
  Did not meet eligibility criteria   (n = 16)  
  Other reasons                                 (n = 5)

Patients enrolled and treated (n = 61)

Enrolled to dose escalation (n = 15)

400 mg Ven QD +
80 mg Gilt QD

(n = 7)

FLT3mut                 (n = 4)

FLT3WT                  (n = 3)

400 mg Ven QD +
120 mg Gilt QD

(n = 8)

FLT3mut                 (n = 6)

FLT3WT                 (n = 2)

Enrolled to dose expansion  (n = 46)

  FLT3mut                                 (n = 46)
  FLT3WT                                     (n = 0)

Discontinued study
(n = 7)a

Death                            (n = 7)
  AE                               (n = 3)
  Disease progression (n = 3)
  Others/unknown        (n = 1)

Discontinued study
(n = 8)a

Death                            (n = 3)
  AE                               (n = 1)
  Disease progression  (n = 2)
Protocol deviation       (n = 1)
Other reasons              (n = 4)

Discontinued study
(n = 46)a

AE                                                  (n = 1)
Death                                          (n = 32)
  AE                                               (n = 6)
  Disease progression               (n = 24)
  Others/unknown                       (n = 2)
Physician decision                      (n = 3)
Withdrawn consent                    (n = 1)
Other reasons                            (n = 11)

FIG 1. Patient enrollment and disposition. Data cutoff, November 10, 2021. aSome patients had multiple
reasons given for study discontinuation. AE, adverse event; Gilt, gilteritinib; QD, once daily; Ven, venetoclax.
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FLT3mut). Of 42 deaths on study, 29 were due to disease
progression. Ten patients died of AEs (Data Supplement).
Five of these 10 deaths occurred in patients while in mCRc
(complicated fungal infection, aspergillus pneumonia,
multiorgan failure, respiratory failure, and typhlitis), with
4 deaths occurring # 30 days of stopping treatment and
1 death (complicated fungal infection) occurring

. 30 days after treatment discontinuation. The other 5 of
10 AE-related deaths occurred in patients not in mCRc
(sepsis, multiorgan failure, pseudomonas bacteremia,
subdural hematoma, and death of unknown cause).

Efficacy

In FLT3mut patients treated at any dose (n5 56), the mCRc
rate (CR 1 CRi 1 CRp 1 MLFS, per ADMIRAL criteria8)
was 75% (42 of 56; CR, 18%; CRi, 4%; CRp, 18%; MLFS,
36%) with a DOR of 4.9 months (95% CI, 3.4 to 6.6; Fig 2
and Data Supplement) after a median follow-up of 17.5
(range, 0.8-27.5) months. The median time to first mCRc
was 0.9 (range, 0.7-3.5) months. The CRc rate (CR 1 CRi
1 CRp) was 39% (22 of 56) with a median DOR of
4.9 months (95% CI, 2.6 to not reached [NR]). The median
time to first CRc was 2.1 (range, 0.7-4.6) months. The
mCRc rate was 82% (36 of 44; CR, 20%; CRi, 5%; CRp,
18%; and MLFS, 39%) in those with FLT3-ITD and 56%
(5 of 9; CR, 11%; CRi, 0%; CRp, 22%; and MLFS, 22%) in
those with FLT3-TKD mutations. Five patients had FLT3WT

AML; one achieved a response (MLFS) lasting 1.7 months.
The median OS was 10.0 months (95% CI, 6.3 to 12.3) for
all FLT3mut patients (Fig 3A). The Data Supplement shows
median OS by response. Efficacy in RP2D-treated patients
is reported in the Data Supplement.

Among FLT3mut patients treated at any dose, the mCRc rate
was 67% (14 of 21; CR, 29%;CRi, 5%; CRp, 14%; andMLFS,
19%) in 21 patients without prior FLT3 TKI exposure and 80%
(28 of 35; CR, 11%; CRi, 3%; CRp, 20%; and MLFS, 46%) in
35 patients with prior FLT3 TKI exposure (Fig 2). The median
OS was 10.6 months (95% CI, 3.1 to 20.9) and 9.6 months
(95% CI, 4.2 to 11.6) in patients without and with prior FLT3
TKI exposure, respectively (Fig 3B). Among FLT3mut patients
with prior venetoclax exposure (n 5 10), the mCRc rate was
60% (four CR, twoMLFS) and themedian OSwas 6.7months
(95% CI, 1.7 to 10.6).

The median OS was NR in 17 of 56 (30%) FLT3mut patients
who received alloSCT after VenGilt and 6.3 months (95% CI,
3.1 to 10.5) for 39 of 56 (70%) patients who did not receive
alloSCT (Fig 3C). In 18FLT3mutpatients who had received prior
alloSCT, 67% achievedmCRc (12 of 18; CR, 1 of 18; CRi, 0 of
18; CRp, 3 of 18; andMLFS, 8 of 18) with a response duration
of 4.9 months (95% CI, 1.1 to NR) and a median OS of
8.8 months (95% CI, 1.9 to 18.8; Data Supplement).

Molecular Response

Twenty-eight RP2D-treated patients with FLT3-ITD muta-
tions were available for assessment of longitudinal
allelic burden, and 25 of 28 (89%) achieved mCRc. Of
those, 15 (60%) achieved molecular response (FLT3-ITD
VAF , 1022),22 and 11 (44%) and 5 (20%) achieved
molecular clearance , 1023 and , 1024, respectively
(Fig 4A and Data Supplement). The median OS in mCRc
patients achieving molecular response (n 5 15; , 1022)
was 11.6 months (95% CI, 7.43 to NR) and 8.2 months
(95% CI, 1.05 to NR) in those who did not (n5 10; Fig 4B).

TABLE 1. Patient Demographic and Baseline Characteristics
Characteristic All Patients (N 5 61)

Age, years, median (range) 63 (21-85)

Sex, No. (%)

Female 30 (49)

Race, No. (%)

White 53 (88)

Black or African American 3 (5)

American or Alaska Native 4 (7)

Hawaiian Native or Pacific Islander 0

Missing 1 (2)

ECOG PS, No. (%)

0 10 (16)

1 42 (69)

2 9 (15)

Cytogenetic risk, No. (%)

Favorable 2 (3)

Intermediate 33 (56)

Poor 20 (34)

No mitoses or missing 6 (10)

Relapsed disease, No. (%) 42 (69)

Refractory disease, No. (%) 19 (31)

FLT3 mutation, No. (%) 56 (92)

ITD alone 44 (72)

TKD alone 9 (15)

Both 3 (5)

Prior lines of therapy, median (range) 2 (1-5)

Prior lines of therapy, No. (%)

1 13 (21)

2 25 (41)

$ 3 23 (38)

Prior venetoclax, No. (%) 10 (16)

Prior alloSCT, No. (%) 19 (31)

Prior FLT3 TKI in FLT3mut patients, n/n (%) 36/56 (64)

1 prior FLT3 TKI 22/56 (39)

. 1 prior FLT3 TKI 14/56 (25)

Abbreviations: alloSCT, allogeneic stem-cell transplantation; ECOG
PS, Eastern Cooperative Oncology Group performance status; ITD,
internal tandem duplications; TKD, tyrosine kinase domain; TKI,
tyrosine kinase inhibitor.
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Of 31 patients with FLT3mut and baseline next-generation
sequencing data, 17 had concomitant mutations in
DNMT3A, 13 in NPM1, nine in both DNMT3A and

NPM1, and eight in IDH1/2; mCRc rates were generally
consistent regardless of the presence or absence of
comutations (Data Supplement).

TABLE 2. Treatment-Emergent Adverse Events Occurring in $ 20% at Any Grade or $ 10% at Grade 3/4 in all Treated Patients Irrespective of Attribution

Event

Dose Escalation
Dose Escalation/

Expansion
RP2D (n 5 54)

All Patients
(N 5 61)

400 mg Ven QD,
80 mg Gilt QD (n 5 7)

400 mg Ven QD,
120 mg Gilt QD (n 5 8)

All Gr 3/4 All Gr 3/4 All Gr 3/4 All Gr 3/4

Any 7 (100) 7 (100) 8 (100) 8 (100) 54 (100) 52 (96) 61 (100) 59 (97)

Hematologic AEs

Febrile neutropenia 5 (71) 4 (57) 3 (38) 3 (38) 26 (48) 26 (48) 31 (51) 30 (49)

WBC count decreased 4 (57) 4 (57) 8 (100) 8 (100) 24 (44) 24 (44) 28 (46) 28 (46)

Anemia 3 (43) 3 (43) 3 (38) 2 (25) 23 (43) 20 (37) 26 (43) 23 (38)

Platelet count decreased 3 (43) 2 (29) 3 (38) 3 (38) 20 (37) 19 (35) 23 (38) 21 (34)

Neutrophil count decreased 2 (29) 2 (29) 5 (63) 5 (63) 17 (31) 17 (31) 19 (31) 19 (31)

GI AEs

Nausea 4 (57) 0 4 (50) 0 21 (39) 1 (2) 25 (41) 1 (2)

Diarrhea 1 (14) 0 3 (38) 0 22 (41) 1 (2) 23 (38) 1 (2)

Constipation 3 (43) 0 0 0 12 (22) 0 15 (25) 0

Liver function test abnormalities

AST increased 1 (14) 1 (14) 3 (38) 1 (13) 23 (43) 5 (9) 24 (39) 6 (10)

ALT increased 2 (29) 1 (14) 1 (13) 0 14 (26) 4 (7) 16 (26) 5 (8)

Blood ALP increased 0 0 3 (38) 0 16 (30) 0 16 (26) 0

Infections

Pneumonia 3 (43) 1 (14) 3 (38) 2 (25) 13 (24) 11 (20) 16 (26) 12 (20)

Sepsis 2 (29) 1 (14) 1 (13) 1 (13) 8 (15) 8 (15) 10 (16) 9 (15)

Septic shock 0 0 0 0 1 (2) 1 (2) 1 (2) 1 (2)

Bacteriemia 2 (29) 1 (14) 0 0 3 (6) 0 5 (8) 1 (2)

Other AEs

Blood bilirubin increased 1 (14) 1 (14) 1 (13) 0 11 (20) 6 (11) 12 (20) 7 (11)

Fatigue 1 (14) 0 3 (38) 0 21 (39) 0 22 (36) 0

Hypokalemia 4 (57) 0 3 (38) 1 (13) 16 (30) 4 (7) 20 (33) 4 (7)

Hyperphosphatemia 2 (29) 0 1 (13) 0 17 (31) 0 19 (31) 0

Cough 4 (57) 0 2 (25) 0 14 (26) 0 18 (30) 0

Dizziness 4 (57) 0 2 (25) 0 14 (26) 1 (2) 18 (30) 1 (2)

Hypocalcemia 2 (29) 0 2 (25) 0 16 (30) 1 (2) 18 (30) 1 (2)

Hypotension 1 (14) 0 2 (25) 0 15 (28) 4 (7) 16 (26) 4 (7)

Arthralgia 2 (29) 0 2 (25) 0 13 (24) 1 (2) 15 (25) 1 (2)

Dyspnea 2 (29) 1 (14) 1 (13) 0 13 (24) 2 (4) 15 (25) 3 (5)

Pyrexia 5 (71) 0 3 (38) 0 10 (19) 0 15 (25) 0

Contusion 2 (29) 0 1 (13) 0 12 (22) 0 14 (23) 0

Hypomagnesemia 3 (43) 0 1 (13) 0 11 (20) 1 (2) 14 (23) 1 (2)

Headache 1 (14) 0 3 (38) 0 12 (22) 1 (2) 13 (21) 1 (2)

NOTE. Data are presented as No. (%).
Abbreviations: AE, adverse event; ALP, alkaline phosphatase; Gilt, gilteritinib; Gr, grade; QD, once daily; RP2D, recommended phase II dose; Ven,

venetoclax.
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DISCUSSION

VenGilt yielded high mCRc andmolecular response rates in
patients with R/R FLT3mut AML, including those who failed
multiple prior lines of therapy and those who were exposed
to $ 1 prior FLT3 TKIs, which is representative of the
current real-world population after integration of frontline
midostaurin with induction therapy and the common use of
sorafenib maintenance post-transplant.43 Most patients in
remission achieved molecular response (FLT3-ITD VAF
, 1022); response occurred rapidly (median , 1 month),
indicating that this combination could induce deep FLT3
clonal responses. Similar to single-agent gilteritinib data,
reduction in FLT3-ITD mutation burden during VenGilt
therapy was potentially associated with longer median
survival.

Grade 3/4 cytopenias were frequent with VenGilt, consis-
tent with the known safety profile of venetoclax-based
therapies in AML. However, few patients in mCRc re-
quired venetoclax or gilteritinib dose interruptions for
$ 7 days (13% and 8%, respectively), suggesting that
blood counts generally recovered once BM leukemia
burden was reduced. Despite this, several patients expe-
rienced prolonged cytopenias during response, suggesting
that the shorter duration of venetoclax treatment, lower
gilteritinib dose, and/or earlier G-CSF use in those with
persistent cytopenias after achieving BM remission should
be considered. This may be especially important for older/
unfit patients with R/R FLT3mut AML who may be ineligible
for alloSCT and require long-term ongoing therapy. On the
basis of the authors’ experiences with this and other
venetoclax-based combinations, recommendations for
managing myelosuppression include delaying initiation of
subsequent cycles until achieving ANC . 500/mL and
platelets. 50,000/mL; reducing the venetoclax duration to
21 days, or subsequently to 14 days, for patients with

prolonged ANC and/or platelet recovery time (. 42 days)
after achieving at least BM remission (, 5% blasts); using
G-CSF for patients with confirmed BM remission and
ANC , 500/mL lasting . 42 days to boost ANC before
starting the next cycle; allowing longer cycles (4-6 weeks), if
needed, for count recovery after achieving BM remission;
and using azole antifungals to reduce fungal infections with
appropriate venetoclax dose reductions. We generally
avoided gilteritinib interruption to maintain FLT3-targeting
suppression; however, in patients experiencing prolonged
myelosuppression despite the above measures, we first
recommend considering reducing gilteritinib to 80 mg once
daily and subsequently a short gilteritinib interruption, if
needed. Nonetheless, myelosuppression with VenGilt
remained manageable with appropriate dose modifica-
tions. Although infections were common, 5 of 42 patients
achieving mCRc (12%) died because of infections while in
mCRc (four died # 30 days and one died . 30 days after
stopping treatment). Still, the 30-day and 60-day mortality
rates were consistent with single-agent gilteritinib in R/R
AML,8 and study discontinuation from myelosuppression in
patients in remission was uncommon.

The mCRc rate with VenGilt in R/R FLT3mut patients (75%)
was defined using the same response criteria as the CRc
rate with single-agent gilteritinib in the ADMIRAL study
(reported as 54%).8 Although survival reported here is
similar to that reported in ADMIRAL, VenGilt response rates
and OS are encouraging, as our study included all salvage
patients (38% received$ 3 prior lines of therapy), whereas
ADMIRAL included only first relapse/primary refractory
FLT3mut patients. Furthermore, this study included a
substantially higher proportion of patients who received$ 1
prior FLT3 TKI compared with ADMIRAL (59% v 13%).8

mCRc rates with VenGilt were 80% versus 67% for those
with versus without prior FLT3 TKI exposure, which
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FIG 2. Response rates in all FLT3mut patients treated at any dose (n5 56) and in those who did (n5 35) or did
not (n5 21) receive prior treatment with a FLT3 TKI. mCRc was defined as CR1 CRi1 CRp per criteria used in
the ADMIRAL study. CR, complete response; CRi, complete response with incomplete blood count recovery;
CRp, complete response with incomplete platelet recovery; mCRc, modified composite complete response;
MLFS, morphologic leukemia-free state; TKI, tyrosine kinase inhibitor.
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compared favorably with findings from retrospective ana-
lyses of CHRYSALIS (42% v 43%) or ADMIRAL (48% v
55%).24,44

VenGilt induced deep molecular responses, with 60% of
evaluable responding patients achieving FLT3-ITD clear-
ance (, 1022) and 12% reaching undetectable levels
(, 1026). This compares favorably with a recent CHRYS-
ALIS subgroup analysis in which 25% of responding R/R
patients achievedmolecular response (, 1022) with single-
agent gilteritinib.22 More data from ongoing studies are
needed to conclusively determine the impact of FLT3-ITD
clearance on outcomes.

Survival of patients receiving alloSCT after VenGilt salvage
treatment was particularly encouraging (median OS, NR v
6.3 months in nontransplanted) although interpretation is
limited by a small number of transplants and lack of a
dedicated survival analysis for patients who would be
transplant-eligible upon response to VenGilt. With a median
follow-up of 17.5 months, approximately 60% of patients
who received alloSCT post-VenGilt were alive, suggesting
that VenGilt could be an effective bridge to transplant in
young/fit patients with relapsed FLT3mut AML. In this set-
ting, achieving marrow clearance and FLT3 allelic reduc-
tion in a few cycles before alloSCT could mitigate concerns
of prolonged myelosuppression from ongoing treatment;
however, a dedicated prospective study evaluating out-
comes with alloSCT in VenGilt-treated patients is needed to
make definitive conclusions. VenGilt also appeared to be
effective in post-transplant patients, with an mCRc rate of

67% and a median OS of 8.8 months (v 10 months in all
patients). VenGilt should be evaluated further in this
population.

The findings of this phase Ib study are limited by smaller
sample size. Nonetheless, they provide the first evidence
supporting venetoclax combined with FLT3 inhibitors for
FLT3mut AML. Although this all-oral regimen is designed for
outpatient administration, attention to myelosuppression11

and the potential for serious infections are warranted.
VenGilt is a highly active, tolerable salvage regimen that
retains clinical activity among FLT3mut patients exposed to
prior lines of therapy from either class of agents.26 To
definitively establish VenGilt as a standard of care in
FLT3mut AML, further trials are required, including ran-
domized controlled trials of VenGilt versus gilteritinib in R/R
FLT3-TKD and/or FLT3-ITD–mutated AML with an end
point of mCRc or OS. Furthermore, as a group of experi-
enced investigators assessed VenGilt here in a multicenter
setting and generated detailed efficacy, safety, and dose
optimization data from dose escalation/expansion, these
findings provide a strong foundation for evaluating VenGilt
combinations in earlier disease. Our results will play an
important role in guiding design, dose optimization, and
myelosuppression mitigation strategies of ongoing and
future trials evaluating frontline VenGilt with azacitidine in
older/unfit patients with FLT3mut AML,45,46 an area of sig-
nificant unmet need. Thus, experience from this first data
set of VenGilt could play a major role in efforts to redefine
both R/R and frontline FLT3mut AML treatment.
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