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T
he FMS-like tyrosine kinase 3-internal tandem duplication (FLT3-ITD)
mutation in acute myeloid leukemia (AML) is associated with poor
prognosis. We hypothesized that quizartinib, a selective and potent

FLT3 inhibitor, with azacitidine (AZA) or low-dose cytarabine (LDAC)
might improve the outcomes in patients with FLT3-ITD-mutated AML. In
this open-label phase I/II trial, patients of any age receiving first-salvage
treatment for FLT3-ITD AML or age >60 years with untreated myelodys-
plastic syndrome or AML were treated with quizartinib plus AZA or LDAC.
Seventy-three patients were treated (34 frontline, 39 first salvage). With
regard to previously untreated patients, the composite response (CRc) rate
was 87% (n=13/15: 8 complete responses [CR], 4 CR with incomplete
hematologic recovery [CRi], 1 CR without platelet recovery [CRp]) among
the patients treated with quizartinib/AZA and 74% (n=14/19: 1 CR, 8 CRi,
5 CRp) among those treated with quizartinib/LDAC. The median overall
survival was 19.2 months for the cohort treated with quizartinib/AZA
cohort and 8.5 months for the patients treated with quizartinib/LDAC; the
corresponding relapse-free survival figures were 10.5 and 6.4 months,
respectively. With regard to previously treated patients, the CRc rate was
64% (n=16/25 in the quizartinib/AZA cohort and 29% (n=4/14)) in the
quizartinib/LDAC cohort. The median overall survival for patients treated
with quizartinib/AZA and quizartinib/LDAC was 12.8 versus 4 months,
respectively. QTc prolongation grade 3 occurred in only one patient in each
cohort. Quizartinib-based combinations, particularly with AZA, appear
effective in both frontline and first salvage therapy for patients with 
FLT3-ITD-mutated AML and are well tolerated. ClinicalTrials.gov identifier:
NCT01892371.

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 or myelodysplastic 
syndrome

Mahesh Swaminathan,1,2 Hagop M. Kantarjian,1 Mark Levis,3

Veronica Guerra,1 Gautam Borthakur,1 Yesid Alvarado,1 Courtney D. DiNardo,1

Tapan Kadia,1 Guillermo Garcia-Manero,1 Maro Ohanian,1 Naval Daver,1

Marina Konopleva,1 Naveen Pemmaraju,1 Alessandra Ferrajol,1

Michael Andreeff,1 Nitin Jain,1 Zeev Estrov,1 Elias J. Jabbour,1 

William G. Wierda,1 Sherry Pierce,1 Maria Rhona Pinsoy,1 Lianchun Xiao,4

Farhad Ravandi1 and Jorge E. Cortes1,5

1Department of Leukemia, University of Texas MD Anderson Cancer Center, Houston, TX;
2Department of Medicine, Roswell Park Comprehensive Cancer Center, Buffalo, NY;
3Department of Hematological Malignancies, Johns Hopkins Sidney Kimmel
Comprehensive Cancer Center, Baltimore, MD; 4Department of Biostatistics, University of
Texas MD Anderson Cancer Center, Houston, TX and 5Georgia Cancer Center at Augusta
University, Augusta, GA, USA

ABSTRACT

Introduction

One of the most common types of genetic alterations in acute myeloid leukemia
(AML) are mutations in the FMS-like tyrosine kinase 3 (FLT3) gene, which occurs in
approximately 30% of all newly diagnosed AML cases.1 Internal tandem duplica-
tions (ITD) are the most frequent FLT3 mutations, occurring in about 20% to 30%
of patients with AML.2,3 FLT3-ITD mutations confer an adverse prognosis in patients



treated with standard chemotherapy.4-6 Several tyrosine
kinase inhibitors, such as lestaurtinib, sunitinib, sorafenib,
and midostaurin, have been investigated in patients with
FLT3-ITD-mutated AML.2,7-10 Of them, the Food and Drug
Administration (FDA) has approved only midostaurin in
combination with standard chemotherapy for the treat-
ment of patients with FLT3-mutated AML.11 Next-genera-
tion tyrosine kinase inhibitors, such as gilteritinib and
quizartinib, used as single agents have greater
antileukemic activity because of their complete FLT3
kinase inhibition.2,12 

Quizartinib is a type II inhibitor that specifically targets
the inactive conformation of the FLT3 kinase domain.13

This selective affinity makes it active only against 
FLT3-ITD mutations, whereas type I inhibitors are active
against both FLT3-ITD and tyrosine kinase domain muta-
tions. Quizartinib and gilteritinib have been reported to
have significant clinical activity in patients with 
FLT3-mutated refractory/relapsed (R/R) AML.14,15 The
QuANTUM-R trial showed a significant improvement in
survival of patients with FLT3-ITD AML who received
first salvage therapy with quizartinib compared to the sur-
vival of those given standard chemotherapy.16 The FDA
recently approved gilteritinib for the treatment of patients
with FLT3-mutated R/R AML.17 Azacitidine (AZA), a
hypomethylating agent, and cytarabine are standard
agents for the treatment of AML in patients not eligible for
standard chemotherapy. It has been suggested that combi-
nations of AZA with FLT3 inhibitors (sorafenib, midostau-
rin) produce higher response rates compared to those
expected with FLT3 inhibitors given as single agents.18-21

Here we describe the results of a phase I/II, open-label,
single-institution study that assessed the efficacy and safe-
ty of quizartinib plus AZA (quizartinib/AZA) and quizar-
tinib plus low-dose cytarabine (LDAC, quizartinib/LDAC)
in previously untreated elderly patients with AML, or
patients with R/R AML at first salvage.

Methods

Study design
This was a single-institution phase I/II, two-arm, open-label

study. The primary objective of the phase I part of this study was
to assess the safety and determine the dose-limiting toxicity and
maximum-tolerated dose of these combinations. The primary
objective of the phase II portion of the study was to determine the
efficacy of the combination of quizartinib with either AZA or
LDAC in patients with AML or high-risk myelodysplastic syn-
drome. Secondary objectives of phase I included assessment of the
efficacy of the treatment regimens. Secondary objectives of phase
II included a determination of the safety of the quizartinib-based
combinations. All patients signed an informed consent form
approved by the Institutional Review Board. The study was con-
ducted in accordance with the Declaration of Helsinki and regis-
tered with the. ClinicalTrials.gov identifier, NCT01892371.
AZA (75 mg/m2/day) was administered subcutaneously or

intravenously once daily, and LDAC (20 mg flat dose) was admin-
istered subcutaneously twice daily for the first 7 days and 10 days
of every 28-day cycle, respectively. The decision of whether to use
AZA or LDAC was based on the treating physician’s choice. In
both regimens quizartinib was administered orally daily for 28
days of every cycle except for the first cycle, in which it was start-
ed on day 5 of the cycle. The first six patients in both the AZA and
LDAC cohorts received quizartinib at the target dose of 60

mg/day to determine tolerability (i.e., run-in phase). According to
the study design, if one or no patient experienced dose-limiting
toxicity at this dose, this would be used as the recommended
phase II dose. There were no attempts to explore higher doses of
quizartinib. If two or more patients experienced dose-limiting tox-
icity at this dose, a reduced dose level of 30 mg/day was to be
explored. Dose-limiting toxicity, defined as any grade ≥3 non-
hematologic toxicity at least possibly related to quizartinib or pro-
longed myelosuppression for ≥6 weeks without evidence of
leukemia, was not identified in any of the first six patients treated
with each combination. Thus 60 mg/day was used in all patients
in the phase II part of the study. The use of hydroxyurea was
allowed during the first cycle only. Intrathecal chemotherapy was
allowed if clinically indicated.
For the phase I part of the study (run-in phase) only, patients

with wild-type (WT)-FLT3 were eligible. All patients with FLT3-
WT were to receive quizartinib/AZA. However, one patient with
a history of FLT3-ITD was enrolled in the quizartinib/LDAC
cohort, although FLT3-ITD was not detected at the time of enroll-
ment. Only patients with FLT3-ITD were eligible for the phase II
part of the study.

Patients
Patients with myelodysplastic syndrome, or AML (excluding

acute promyelocytic leukemia) meeting at least one of the follow-
ing criteria were eligible: age ≥18 years with R/R disease who had
received no more than one prior treatment regimen; or age ≥60
years with previously untreated disease considered not suitable
for intensive chemotherapy. Eastern Cooperative Oncology
Group Performance Status ≤2 and adequate organ function were
required.
Exclusion criteria included other malignancies concurrent or in

remission for <6 months prior to enrollment, or clinically active
central nervous system leukemia. Patients whose QTc interval,
calculated using the Fridericia correction factor (QTCF), was >450
ms at screening were excluded.

Tolerability and safety assessments
All patients who received at least one dose of any of the treat-

ment were evaluable for toxicity. Physical examination, complete
blood count, and biochemical analyses were performed at baseline
and throughout the study. Electrocardiograms were recorded at
screening and on days 1, 5, 8, and 12 (before treatment on days 1,
5, and 8; 2-6 hours after treatment on days 5 and 12). Triplicate
electrocardiograms were obtained for the first three cycles.

Response to treatment
Bone marrow aspirations and/or biopsies were performed

between days 21 and 35 of cycle 1, and every one to three cycles
thereafter (monthly until remission, then no later than every 3
months). All patients who received at least one dose of therapy
were included in the intention-to-treat (ITT) analysis for response
to therapy; patients who completed a full course of treatment
(AZA for 7 days or LDAC for 10 days, and quizartinib for 24 days
in cycle 1) were evaluable for response in the per-protocol analy-
sis. Responses were defined according to the International
Working Group 2003 criteria.22 The composite response (CRc) rate
was determined based on the sum of the complete responses (CR),
CR with incomplete hematologic recovery (CRi), CR without
platelet recovery (CRp) and CR with partial hematologic recovery
(CRh). Measurable residual disease (MRD) was assessed by multi-
color flow cytometry with a sensitivity of 0.01%.

Statistical analyses
Safety was monitored closely using the method of Thall et al.23
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Categorical variables were tabulated with their frequencies, and
continuous variables were summarized with descriptive statistics.
The Fisher exact test, Wilcoxon rank-sum test, and logistic regres-
sion model were applied to evaluate the association of response
and covariates. The log-rank test and Cox proportional hazards
models were used to evaluate the association between overall sur-
vival or relapse-free survival with covariates. Survival probabilities
were calculated by the Kaplan-Meier method. Comparisons of
survival endpoints between the two treatment cohorts are
descriptive in nature only as the study was not powered to iden-
tify statistical significance. The statistical computations were per-
formed using SAS 9.4 (SAS Institute Inc., Cary NC, USA), S-Plus
software v8.2 (TIBCO, Palo Alto, CA, USA), and GraphPad Prism
7 (GraphPad Software, Inc., La Jolla, CA, USA).

Results

Patients’ characteristics
A total of 73 patients were treated (Figure 1); 34 patients

were treated frontline and 39 in a first salvage setting.
Fifteen patients received quizartinib/AZA, and 19 received
quizartinib/LDAC as frontline treatment. The median age
was 75 years (range, 64-82 years) and 70 years (range, 58-
80 years), respectively (Table 1). Most patients in both
cohorts had adverse-risk genetics according to the
European LeukemiaNet 2017 classification. All patients
were assessed for mutations, using an 81-gene panel,
before the start of treatment. The most frequent co-exist-
ing mutations were DNMT3A (32%), RUNX1 (29%),
NPM1 (27%), TET2 (18%), and TP53 (6%). 

Quizartinib with low-intensity treatment in AML
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Figure 1. CONSORT flow diagram. AZA: azacitidine; LDAC: low-dose cytarabine; ITT: intention-to-treat. 



Of the 39 patients with R/R AML, 25 patients (64%)
were treated with quizartinib/AZA and 14 (36%) with
quizartinib/LDAC. Their median age was 59 years (range,
24-76 years) and 70 years (range, 54-84 years), respective-
ly. Prior to receiving quizartinib, three (12%) patients in
the quizartinib/AZA cohort and seven (50%) in the
quizartinib/LDAC cohort had received other FLT3
inhibitors, including sorafenib (n=7), crenolanib (n=2), and
midostaurin (n=1). Similarly, five (13%) patients had
received prior therapy with AZA for AML and four (10%)
for the treatment of a prior myelodysplastic syndrome.

Mutation data (from the 81-gene panel) were not available
for four patients in the quizartinib/AZA cohort and two in
the quizartinib/LDAC cohort. Among the 33 patients with
available molecular information, the most common co-
existing mutations were NPM1 (36%), DNMT3A (36%),
TET2 (21%), WT1 (15%), IDH2 (15%), IDH1 (12%), and
TP53 (6%). 

Response to therapy
All 73 patients received at least one dose of study treat-

ment and were included in the ITT analysis. Among them,
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Table 1. Baseline characteristics of all study patients (n=73).

Patients’ characteristics                                                    Frontline                                                            Relapsed/Refractory
                                                                Overall             Quizartinib/    Quizartinib/LDAC         Overall             Quizartinib/         Quizartinib/
                                                                (n=34)                    AZA                    (n=19)                  (n=39)                    AZA                     LDAC
                                                                                            (n=15)                                                                          (n=25)                  (n=14)
                                                                                                                               N (%) or [range] 

Median age, years                                         72 [58-82]               75 [64-82]               70 [58-80]               65 [24-84]               59 [24-76]               70 [54-84]

Male                                                                     20 (59)                      9 (60)                      11 (58)                     21 (54)                     13 (52)                      8 (57)

ECOG-PS                                                                                                                                       

    0-1                                                                     27 (79)                     13 (87)                     14 (74)                     29 (74)                     20 (80)                      9 (64)

    2                                                                          7 (21)                       2 (13)                       5 (26)                      10 (26)                      5 (20)                       5 (36)

AMLa                                                                    33 (97)                     14 (93)                    19 (100)                   39 (100)                   25 (100)                   14 (100)

MDS                                                                       1 (3)                         1 (7)                             0                                0                                0                                0

Prior FLT3 inhibitors

    Sorafenib                                                              0                                0                                0                            7 (18)                       3 (12)                       4 (29)

    Midostaurin                                                          0                                0                                0                             2 (5)                             0                           2b (14)

    Crenolanib                                                            0                                0                                0                             1 (3)                             0                             1 (7)

ELN risk stratification groupc                                                                                                   

    Favorable                                                          2 (6)                             0                            2 (11)                        2 (5)                         1 (4)                         1 (7)

    Intermediate                                                  11 (32)                      4 (27)                       7 (37)                      25 (64)                     17 (68)                      8 (57)

    Adverse                                                           21 (62)                     11 (73)                     10 (53)                     12 (31)                      7 (28)                       5 (36)

FLT3 status                                                                                                                                    

    FLT3-WT                                                                0                                0                                0                             3 (8)                         2 (8)                        1d (7)

    FLT3-ITD+                                                       34 (100)                   15 (100)                   19 (100)                    35 (90)                     22 (88)                     13 (93)

    Ratio < 0.5                                                      12 (35)                      5 (33)                       7 (37)                      16 (41)                     10 (40)                      6 (43)

               ≥ 0.5                                                      22 (65)                     10 (67)                     12 (63)                     19 (49)                     12 (48)                      7 (50)

    Median FLT3-ITD allelic ratio              0.71 [0.01-5.4]        0.86 [0.02-5.4]        0.62 [0.01-2.4]        0.69 [0.01-3.7]        0.72 [0.01-3.7]        0.69 [0.07-1.2]

    FLT3-TKD+ only                                                                                                                                                       1 (3)                         1 (4)                             0

    Both FLT3-ITD+ & TKD+                                 2 (6)                         1 (7)                         1 (5)                         3 (8)                         1 (4)                        2 (14)

Other frequent mutationse                                                                                                       

    DNMT3A                                                          11 (32)                      7 (47)                       4 (21)                      12 (36)                      9 (43)                       3 (25)

    RUNX1                                                              10 (29)                      5 (33)                       5 (26)                       4 (12)                        1 (4)                        3 (25)

    NPM1                                                                 9 (27)                       2 (13)                       7 (37)                      12 (36)                     10 (48)                      2 (17)

    TET2                                                                   6 (18)                       2 (13)                       4 (21)                       7 (21)                       3 (14)                       4 (33)

    TP53                                                                    2 (6)                             0                            2 (11)                        2 (6)                         1 (4)                         1 (7)

Laboratory values, median

    Bone marrow blasts, %                             56 [15-97]               56 [15-84]               60f [17-97]                65 [6-98]                 70 [6-98]                49 [21-86]

    WBC, 109/L                                                   6.1 [1.1-42]               8 [1.2-42]               3.3 [1.1-21]             5.3 [0.5-61]            5.2 [0.5-53.4]            5.4 [0.9-61]

    Hemoglobin, g/dL                                      9.1 [7-11.4]             9.1 [7.7-10]               9 [7-11.4]             9.4 [7.6-12.8]          9.5 [7.6-12.7]          9.2 [7.7-12.8]

    Platelets, 109/L                                            34 [7-377]              54 [14-377]               31 [7-75]                25 [4-454]                22 [4-99]               25 [12-454]

AZA: azacitidine; LDAC: low-dose cytarabine; ECOG-PS: Eastern Cooperative Oncology Group-Performance Status; AML: acute myeloid leukemia; MDS: myelodysplastic syn-

dromes; ELN: European LeukemiaNet; ITD: internal tandem duplication; TKD: tyrosine kinase domain; WBC: white blood cells. aSix patients in the AZA and 12 in the LDAC cohort

treated frontline had secondary AML. Three patients each in both the AZA and LDAC cohorts given with first salvage therapy had secondary AML. bOne patient who received

LDAC was treated with both sorafenib and midostaurin prior to quizartinib. cClassified according to the European LeukemiaNet 2017. dOne patient had a prior FLT3-TKD muta-

tion that was negative at the time of starting treatment. eThe 81-gene panel was not used for mutational analysis prior to starting treatment in four patients given first salvage treat-

ment with AZA and two given LDAC. fTwo patients were diagnosed based on circulating blast percentages of 22% and 25%.



70 (38 in the quizartinib/AZA cohort, 32 in the quizar-
tinib/LDAC cohort) completed at least one cycle of study
treatment and were included for per-protocol response
assessment. Three patients were not evaluable for per-
protocol response: one proceeded to a stem-cell transplant
(SCT) after 14 days of treatment, one developed atrial fib-
rillation on day 4 (prior to receiving quizartinib), and one
died early on day 7 of multi-organ failure secondary to
sepsis from an unknown organism. Among the ITT popu-
lation treated frontline, the CRc rate (CR + CRi + CRp +
CRh) was 87% (n=13/15 patients: 8 CR, 4 CRi, 1 CRp)
(Table 2) in those treated with quizartinib/AZA and 74%
(n=14/19 patients: 1 CR, 8 CRi, 5 CRp) in those treated
with quizartinib/LDAC. The per-protocol response data
are shown in Table 3. The median duration of response
(time from best response to death/disease

progression/date of SCT or last follow-up/off treatment)
was 4.2 months (range, 0.2 - 30 months) among patients
treated with quizartinib/AZA and 3.7 months (range, 0.2 -
17 months) among those treated with quizartinib/LDAC.
Among responders, MRD was assessed in 11 patients
(85%) in the quizartinib/AZA cohort and 12 (86%) in the
quizartinib/LDAC cohort. MRD was undetectable in five
(45%) patients treated with quizartinib/AZA and three
(25%) with quizartinib/LDAC (excluding patients who
achieved MRD-negative status following SCT). Four
patients (29%) treated with quizartinib/AZA and one
(6%) with quizartinib/LDAC proceeded to SCT after
achieving CRc. MRD was assessed in all responders
before SCT, and only one of them (treated with quizar-
tinib/AZA) was MRD-negative before undergoing the
transplant. With regard to the ITT population with R/R
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Table 2. Summary of responses in the intention-to-treat population (n=73).

                                                                                           Frontline                                                             Relapsed/Refractory
Responses                                               Overall            Quizartinib/         Quizartinib/             Overall            Quizartinib/         Quizartinib/
                                                                (n=34)                    AZA                     LDAC                   (n=39)                    AZA                     LDAC
                                                                                            (n=15)                  (n=19)                                              (n=25)                  (n=14)
                                                                                                                                       N (%)

CR                                                                         9 (26)                       8 (53)                        1 (5)                         3 (8)                         2 (8)                         1 (7)

CRi                                                                       12 (35)                      4 (27)                       8 (42)                      14 (36)                     12 (48)                      2 (14)

CRp                                                                       6 (18)                        1 (7)                        5 (26)                        3 (8)                         2 (8)                         1 (7)

CRc                                                                      27 (79)                     13 (87)                     14 (74)                     20 (51)                     16 (64)                      4 (29)

PR                                                                              0                                0                                0                             2 (5)                             0                            2 (14)

ORR                                                                     27 (79)                     13 (87)                     14 (74)                     22 (56)                     16 (64)                      6 (43)

NR                                                                         5 (15)                        1 (7)                        4 (21)                      16 (41)                      8 (32)                       8 (57)

AZA: azacitidine; LDAC: low-dose cytarabine; CR: complete response; CRi: CR with incomplete hematologic recovery; CRp: CR without platelet recovery; CRh: CR with partial

hematologic recovery; CRc: composite response rate (CR+CRi+CRp); PR: partial response; ORR: overall response rate (CRc+PR); NR:, no response.

Table 3. Summary of responses in evaluable patients*(n=70).

                                                                                               Frontline                                                                Relapsed/Refractory
Responses                                                      Quizartinib/AZA               Quizartinib/LDAC               Quizartinib/AZA               Quizartinib/LDAC
                                                                              (n=14)                                (n=18)                                (n=24)                                (n=14)
                                                                                                                                      N (%) or [range]

CR                                                                                          8 (57)                                         1 (6)                                          2 (8)                                          1 (7)

CRi                                                                                         4 (29)                                        8 (44)                                       12 (50)                                       2 (14)

CRp                                                                                         1 (7)                                         5 (28)                                         2 (8)                                          1 (7)

CRh                                                                                             0                                                 0                                                 0                                                 0

CRc                                                                                       13 (93)                                      14 (78)                                      16 (67)                                       4 (29)

PR                                                                                               0                                                 0                                                 0                                             2 (14)

ORR                                                                                      13 (93)                                      14 (78)                                      16 (67)                                       6 (43)

NR                                                                                           1 (7)                                         4 (22)                                        8 (33)                                        8 (57)

Time to best response, months                                3.2 [0.9-6.3]                               1.5 [0.9-3]                                1 [0.9-4.8]                                1 [0.9-8.7]

Duration of responseb, months                                 4.2 [0.2-30]                              3.7 [0.2-17]                             2.5 [0.1-19.4]                            2.4 [0.5-7.2]

MRDc

    MRD assessed in responders                                    11 (85)                                      12 (86)                                      13 (81)                                       3 (50)
    MRD negatived                                                                  5 (45)                                        3 (25)                                        6 (46)                                        2 (67)
      CR                                                                                    4 (80)                                        1 (33)                                        1 (17)                                        1 (50)
       CRi                                                                                   1 (20)                                        1 (33)                                        5 (83)                                        1 (50)
       CRp                                                                                      0                                             1 (33)                                             0                                                 0

Time to MRD negativity prior to SCT, months         4.7 [1-5.9]                                0.9 [0.9-3]                                2 [0.9-4.8]                               1.4 [0.9-1.9]

AZA: azacitidine; LDAC: low-dose cytarabine; CR: complete response; CRi: CR with incomplete hematologic recovery; CRp: CR without platelet recovery; CRh: CR with partial

hematologic recovery; CRc: composite response rate (CR+CRi+CRp+CRh); PR: partial response; ORR: overall response rate (CRc+PR); NR:, no response; MRD: minimal residual

disease; SCT: stem cell transplantation. aOnly patients who completed at least one course of study treatment were included in the per-protocol response assessment (1 patient

in the AZA cohort died early and 1 in each cohort did not complete a course of study treatment due to SCT in 1 case and atrial fibrillation in the other). bPatients proceeded

to SCT were censored at the date of SCT. One patient treated frontline in quizartinib/LDAC and as first salvage in quizartinib/AZA cohort has an ongoing response. cMRD was

assessed by multicolor flow cytometry. dCensored patients who achieved MRD negativity after SCT in the group treated frontline (n=4; AZA – 3, LDAC -1) and in those with

relapsed/refractory disease (AZA – 3).



AML, CRc was observed in 64% (n=16 patients: 2 CR, 12
CRi, 2 CRp) of the quizartinib/AZA cohort and 29% (n=4
patients: 1 CR, 2 CRi, 1 CRp) in the quizartinib/LDAC
cohort (Table 2). The per-protocol response data are
shown in Table 3. The median duration of response was
2.5 months (range, 0.1 - 19.4 months) among the patients
treated with quizartinib/AZA and 2.4 months (range, 0.5 -
7.2 months) among those treated with quizartinib/LDAC.
Six patients (25%) in the quizartinib/AZA cohort and one
(7%) in the quizartinib/LDAC cohort received SCT after
achieving CRc. Among the three patients previously
exposed to FLT3 inhibitors and treated with
quizartinib/AZA, two achieved a CRi and one a CRp
(prior sorafenib). Similarly, two of seven (29%) such
patients treated with quizartinib/LDAC had responses:
one achieved a CRi and one had a PR (prior sorafenib).
One of the four patients with prior exposure to AZA for
AML achieved a CR with quizartinib/AZA.

Survival
At a median follow-up of 55.1 months (range, 0.2 - 65.2

months), 12 (16%) patients remain alive (8 [20%] in the

quizartinib/AZA cohort and 4 [12%] in the
quizartinib/LDAC cohort). The median overall survival
for all patients treated frontline was 12.4 months. With
the caveat that the study was not powered to determine a
survival benefit, the median overall survival was longer in
patients treated frontline with quizartinib/AZA than in
those treated with quizartinib/LDAC (19.2 vs. 8.5 months,
respectively; P=0.036) (Figure 2). The median relapse-free
survival for all patients treated frontline in this trial was 8
months: it was longer for patients treated with quizar-
tinib/AZA compared to those treated with
quizartinib/LDAC (10.5 vs. 6.4 months, respectively;
P=0.044) (Figure 2). Patients with R/R AML had a median
overall survival of 6.2 months, with a trend to longer over-
all survival for those treated with quizartinib/AZA (12.8
vs. 4 months, P=0.053). There was no difference in the
median relapse-free survival between the two treatment
groups (overall, 5.8 months; 5.8 vs. 6.2 months by treat-
ment arm, respectively; P=0.804) (Figure 3). We did not
find any specific factors that significantly influenced CRc
or survival in either the frontline or R/R treatment settings
in the two cohorts (Online Supplementary Figures S1 and S2,

M. Swaminathan et al.

2126 haematologica | 2021; 106(8)

Figure 2. Survival of patients with 
FLT3-ITD+ acute myeloid leukemia treated
frontline with quizartinib in combination with
azacitidine or low-dose cytarabine. (A) Overall
survival. (B) Relapse-free survival. Quiz: quizar-
tinib; AZA: azacitidine; LDAC: low-dose cytara-
bine; mo: months.

A

B



Online Supplementary Tables S1-S4). TET2 mutation was
found to have a negative impact on CRc, but only 13/73
patients had a TET2 mutation (Online Supplementary Tables
S5 and S6).
At the last follow-up of all patients, two (5%) in the

quizartinib/AZA cohort and one (3%) in the
quizartinib/LDAC cohort continued to receive study treat-
ment (Table 4). Disease relapse or loss of response was the
most common reason for study discontinuation in both
cohorts. Molecular data at the end of treatment were
available for 41 patients (including data collected using an
81-gene panel in 9 patients). New mutations identified at
the end of treatment included FLT3-D835 (11/41, 27%),
IDH1 (2/9, 22%), RAS (2/11, 18%), and KIT (1/9, 11%)
(Online Supplementary Figure S3). Eleven (28%) patients in
the quizartinib/AZA cohort and two (6%) in the quizar-
tinib/LDAC cohort proceeded to SCT. Three patients
(23%) treated with quizartinib/AZA relapsed after a medi-
an time of 3.2 months (range, 2.7 - 18 months) following
SCT. Seven patients (54%) are alive after SCT without
any evidence of disease (5 treated with quizartinib/AZA
and 2 treated with quizartinib/LDAC). Of the six patients
who died after SCT, three died in CR/CRi/CRp from
multi-organ failure secondary to Klebsiella pneumoniae bac-
teremia, late gastrointestinal graft-versus-host disease, and
an unknown cause, respectively. The three other patients
had relapsed disease and died, one each, from multi-organ
failure secondary to enteroviral pneumonia, intracerebral
hemorrhage, and renal failure.

Safety and dose reduction
The most common treatment-emergent adverse events

are listed in Table 5. Among grade ≥3 adverse events,
febrile neutropenia and pneumonia were frequently
reported in both cohorts. Other common grade ≥3 adverse
events that occurred in the cohort of patients treated with
quizartinib/AZA were hypokalemia (33%), hypotension
(24%), and hypophosphatemia (18%). The median time
to absolute neutrophil count recovery (neutrophils >1 x
109/L) for all cycles in patients treated frontline was 32
days (range, 8 - 125 days): it was 35 days (range, 9 - 125
days in the quizartinib/AZA cohort and 27 days (range, 8
- 68 days in the quizartinib/LDAC cohort. Similarly, the
median time to platelet recovery (platelets >100 x 109/L)
for all cycles was 29 days (range, 7 - 125 days), 30 days
(range, 7 - 125 days) in the quizartinib/AZA cohort and 29
days (range, 25 - 60 days) in the quizartinib/LDAC cohort.
The median times to recovery of absolute neutrophil
count and platelet count were similar in R/R patients.
QTc prolongation was observed infrequently. Only one

(3%) patient had grade 3, and three (9%) patients had
grade 1-2 QTc prolongation in the quizartinib/AZA
cohort, and one (3%) had grade 3 prolongation in the
quizartinib/LDAC cohort (Online Supplementary Figures S4
and S5). One (3%) patient who received quizartinib/AZA
as frontline treatment died early (day 7 of treatment) due
to multi-organ failure secondary to sepsis from an
unknown organism.
A total of nine (23%) patients required a dose modifica-

tion in the quizartinib/AZA cohort. Of them, three
patients received quizartinib for only 7 days, 14 days, and
16 days in the first cycle due to the development of multi-
organ failure, SCT, and febrile neutropenia, respectively.
The quizartinib dose was decreased to 30 mg in six
patients (4 due to grade 3 myelosuppression, 1 due to

grade 2 supraventricular tachycardia, and 1 due to grade 3
QTc prolongation). Similarly, the quizartinib dose was
decreased to 30 mg in three patients (9%) in the quizar-
tinib/LDAC cohort: in two cases due to grade 3 myelosup-
pression and in one case due to grade 3 QTc prolongation.

Discussion

With the limitations of comparisons across studies, the
CRc rates and the median overall survival observed in
patients treated frontline with quizartinib/AZA in this
study seem to compare favorably to what has been report-
ed for similar combinations using other FLT3 inhibitors.
With midostaurin plus AZA, the reported CRc and medi-
an overall survival were 31% and 9 months, respectively.20

Similarly, with sorafenib plus AZA, the CRc and median
overall survival were 70% and 8.3 months, respectively.21

The results with quizartinib/AZA also appear comparable
to the results reported with a hypomethylating
agent/venetoclax24 (CR/Cri: 72% in FLT3-mutated cases;
median overall survival not reached). Although patients
with FLT3 mutations had good responses to 
hypomethylating agents/venetoclax, mutations in FLT3-
ITD constitute one of the mechanisms of acquired resist-
ance to venetoclax in preclinical models,25,26 and have been
reported to emerge in some patients as they develop
resistance to therapy with venetoclax.27 Ongoing clinical
studies are trying to overcome this resistance by adding
FLT3 inhibitors to venetoclax (gilteritinib - NCT03625505
and quizartinib - NCT03735875). 
Quizartinib, as a single agent, was found to produce a

CRc of 48% in patients with R/R AML, who achieved a
median overall survival of 6.2 months.16 Similarly, AZA
monotherapy in R/R AML produced CR/CRi in 16% of
patients, who had a median overall survival of 6.8 months.28

The combination of quizartinib/AZA in our study pro-
duced a CRc of 67% with a median overall survival of 12.8
months in patients with R/R AML. Although no compar-
isons could be made between different studies, higher
response rates and longer survival observed with the com-
bination could perhaps be attributed to a possible synergy
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Table 4. Summary of disposition of all study patients (n=73).

Reasons                                           Quizartinib/AZA Quizartinib/LDAC
                                                                (n=40)                  (n=33)
                                                                               N (%)

Relapse/loss of response                              11 (28)                     11 (33)

Stem cell transplant                                        11 (28)                       2 (6)

Lack of response/disease progression       8 (20)                      10 (30)

Deatha                                                                  6 (15)                       4 (12)

Continuing treatment                                        2 (5)                         1 (3)

Patient’s choiceb                                                 1 (3)                         1 (3)

Lost to follow-up                                                1 (3)                         1 (3)

Infection/toxicityc                                                   0                             3 (9)

AZA: azacitidine; LDAC: low-dose cytarabine. aOf six patients in the AZA cohort who

died, one died early, two died in complete response with incomplete hematologic

recovery (CRi), two in complete response (CR) and one without response. In the LDAC

cohort, four patients died: one in CR without platelet recovery, one in CRi, one with a

partial response and one with no response. bOne patient in the AZA cohort chose to

be treated at a different institution and one in the LDAC cohort chose to discontinue

treatment for financial reasons. cOne patient each discontinued treatment due to atrial

fibrillation and meningitis. One additional patient developed atrial fibrillation prior to

receiving quizartinib and was taken off study. 



between quizartinib and AZA. Similarly, in phase II studies,
quizartinib monotherapy showed some activity in patients
with FLT3-WT AML with a CRc rate of 32%.29 Our study
included only three patients with FLT3-WT, who received
quizartinib-based combinations as first salvage treatment
but had no response. Because of the paucity of patients, no
conclusion could be made on the clinical activity of quizar-
tinib in combination with AZA or LDAC in patients with
FLT3-WT AML. However, based on the reported CRc rate
of 32% with quizartinib monotherapy,14 this approach
deserves further investigation in this subset of patients. 
Prior studies found that point mutations and gatekeeper

mutations (F691L) were the common resistant mutations
that were acquired following quizartinib therapy.30-32 In
this series, FLT3-D835 was acquired at the time of pro-
gression in 27% of patients. This is equivalent to what we
had reported previously with single-agent FLT3 inhibitors,
mostly sorafenib.33 Other mutations encountered at the
time of progression included EZH2 and CREBBP muta-
tions. However, the mutation analysis was somewhat lim-
ited in this study, since mutation data at the time of treat-
ment discontinuation were available for only 41/70 (59%)
patients (Online Supplementary Figure S3). Similarly, after
treatment with gilteritinib, resistance is associated with

the emergence of additional mutations, frequently RAS.
This may represent a selection of clones, often pre-exist-
ing, which emerge as clones with sensitive FLT3 muta-
tions are suppressed by potent FLT3 inhibitors. This sug-
gests that combination therapy would be required to fur-
ther improve the outcome of patients treated with FLT3
inhibitors. The higher rate of response and more durable
responses seen in the present study compared to what has
been reported with quizartinib monotherapy are encour-
aging and merit further investigation. 
Like quizartinib monotherapy, quizartinib at a dose of

60 mg in combination with AZA or LDAC was very well
tolerated. QTc prolongation was infrequent with only two
patients developing grade 3 prolongation and requiring a
decrease in quizartinib dose to 30 mg. Overall, therapy
was well tolerated by our patients in both the cohorts. 
As previously reported, a higher FLT3-ITD allelic ratio

was found to correlate with the rate of CRc in patients
receiving frontline therapy, although the optimal cut point
for the ratio was at 0.5 rather than the 0.7 that had been
previously proposed. However, no such correlation could
be identified for survival. There were no significant corre-
lations between allelic ratio and responses or survival in
the salvage cohort (Online Supplementary Figure S6 and
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Figure 3. Survival of patients with FLT3-
ITD+ relapsed/refractory acute myeloid
leukemia given first salvage treatment
with quizartinib in combination with
azacitidine or low-dose cytarabine. (A)
Overall survival. (B) Relapse-free sur-
vival. Quiz: quizartinib; AZA: azacitidine;
LDAC: low-dose cytarabine; mo: months.

A

B



Online Supplementary Table S5). Recently, Levis and his col-
leagues showed that among patients with FLT3-mutated
R/R AML treated with gilteritinib monotherapy, patients
with NPM1 co-mutation had significantly better survival
outcomes.34 Similarly, NPM1 co-mutation was associated
with non-significantly better CRc rates and longer overall
survival in our R/R patients (Online Supplementary Figure S2
and Online Supplementary Table S4). In general, these asso-
ciations follow the same direction as those found in our
series, but the small number of patients preclude firm con-
clusions. These possible interactions remain to be con-
firmed in larger series.  
In conclusion, our study demonstrated that quizartinib,

in combination with AZA or LDAC, can be administered
safely to patients with FLT3-mutated AML, whether as
initial therapy or as first salvage treatment. Our prelimi-
nary observations suggest that the combination therapy,

particularly with AZA, might improve the probability of
response and the response duration in these patients.
Prospective randomized studies are warranted to validate
our results. 
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Table 5. Incidence of common treatment-emergent adverse events in all patients.

                                                                                      Quizartinib/AZA                                                        Quizartinib/LDAC
Adverse events                                                                     (n=40)                                                                        (n=33)
                                                                  Total                  Grade 1-2          Grade  3-5                 Total                Grade 1-2                   Grade 3-5
                                                                                               N (%)                                                                          N (%)                              
                                                                                                   

Non-hematologic toxicities

    Hypomagnesemia                                         27 (68)                      26 (65)                     1 (3)                        10 (30)                    10 (30)                                  0
    Hyperbilirubinemia                                      25 (63)                      19 (48)                    6 (15)                        9 (27)                      8 (24)                                1 (3)
    Hypokalemia                                                   24 (60)                      11 (28)                   13 (33)                       9 (27)                      6 (18)                                3 (9)
    Hypocalcemia                                                 23 (58)                      16 (40)                    7 (18)                        9 (27)                      9 (27)                                   0
    Increased ALT                                                23 (58)                      19 (48)                    4 (10)                       15 (45)                    13 (39)                               2 (6)
    Hyponatremia                                                17 (43)                      12 (30)                    5 (13)                        8 (24)                      5 (15)                                3 (9)
    Febrile neutropenia                                     16 (40)                            0                        16 (40)                      12 (36)                          0                                  12 (36)
    Elevated creatinine                                      13 (33)                      13 (33)                        0                             7 (21)                      7 (21)                                   0
    Hypophosphatemia                                       12 (30)                       5 (13)                     7 (18)                         3 (9)                        2 (6)                                 1 (3)
    Pneumonia                                                      11 (28)                            0                        11 (28)                      19 (58)                      3 (9)                               16 (48)
    Nausea                                                             10 (25)                       9 (23)                      1 (3)                        14 (42)                    12 (36)                               2 (6)
    Fatigue                                                              9 (23)                        8 (20)                      1 (3)                        10 (30)                     7 (21)                                3 (9)
   Diarrhea                                                           8 (20)                        5 (13)                      3 (8)                        13 (39)                    10 (30)                               3 (9)
   Hypoalbuminemia                                          8 (20)                        6 (15)                      2 (5)                         7 (21)                      7 (21)                                   0
   Vomiting                                                           6 (15)                        6 (15)                         0                            10 (30)                     8 (24)                                2 (6)
   Rash                                                                  6 (15)                        4 (10)                      2 (5)                         9 (27)                      8 (24)                                1 (3)
   Hyperkalemia                                                  5 (13)                         3 (8)                       2 (5)                         4 (12)                      4 (12)                                   0
   Lower limb edema                                         5 (13)                        5 (13)                         0                             4 (12)                      4 (12)                                   0
   Generalized weakness                                  5 (13)                        4 (10)                      1 (3)                         5 (15)                       3 (9)                                 2 (6)
   Oral mucositis                                                5 (13)                        4 (10)                      1 (3)                         8 (24)                      7 (21)                                1 (3)
   Anorexia                                                           4 (10)                         3 (8)                       1 (3)                         5 (15)                      5 (15)                                   0
   Constipation                                                    4 (10)                        4 (10)                         0                             5 (15)                      5 (15)                                   0
   Dizziness                                                          4 (10)                        4 (10)                         0                             6 (18)                      5 (15)                                1 (3)
   Abdominal pain                                               4 (10)                         1 (3)                       3 (8)                         8 (24)                      7 (21)                                1 (3)
   Hypotension                                                    4 (10)                         1 (3)                       3 (8)                        12 (36)                     4 (12)                               8 (24)
   Atrial fibrillation                                              2 (5)                              0                          2 (5)                          3 (9)                        2 (6)                                 1 (3)
   Headache                                                          1 (3)                          1 (3)                          0                             6 (18)                       3 (9)                                 3 (9)
   Pleural effusion                                               1 (3)                          1 (3)                          0                             5 (15)                      4 (12)                                1 (3)
   Back pain                                                           1 (3)                          1 (3)                          0                            10 (30)                     9 (27)                                1 (3)
   QTc prolongation                                            1 (3)                              0                          1 (3)                         4 (12)                       3 (9)                                 1 (3)
   Sinus tachycardia                                            1 (3)                              0                          1 (3)                          2 (6)                        2 (6)                                    0
   Sinus bradycardia                                               0                                 0                              0                              3 (9)                        3 (9)                                    0

Hematologic toxicities
    Thrombocytopenia                                         6 (15)                         1 (3)                      5 (13)                       10 (30)                          0                                  10 (30)
   Leukopenia                                                       3 (8)                          1 (3)                       2 (5)                        14 (42)                          0                                  14 (42)
   Neutropenia                                                     3 (8)                          1 (3)                       2 (5)                        14 (42)                          0                                  14 (42)
   Anemia                                                               1 (3)                          1 (3)                          0                             5 (15)                           0                                   5 (15)
   Leukocytosis                                                        0                                 0                              0                              2 (6)                            0                                    2 (6)

AZA: azacitidine; LDAC, low-dose cytarabine; ALT: alanine transaminase.
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