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Abstract

QuANTUM-First (ClinicalTrials.gov identifier: NCT02668653) was a randomized phase III trial in patients with newly diagnosed 
FLT3-internal tandem duplication (ITD)-positive acute myeloid leukemia (AML) treated with quizartinib or placebo plus stan-
dard induction and consolidation chemotherapy and/or allogeneic hematopoietic cell transplantation (allo-HCT), followed by 
single-agent maintenance therapy. We evaluated the impact of allo-HCT performed in first complete remission (CR1) or com-
posite CR1 (CRc1) on overall survival (OS), considering treatment randomization. Post-hoc extended Cox regression multivariable 
analyses were conducted in patients who achieved complete remission/composite complete remission by the end of induction, 
including allo-HCT in CR1/CRc1 as a time-dependent variable to identify prognostic and predictive factors for OS. There were 
297 patients with complete remission by the end of induction (quizartinib, N=147; placebo, N=150); of these, 157 (52.9%) un-
derwent allo-HCT in CR1 (quizartinib, N=84; placebo, N=73). There were 368 patients with composite complete remission by 
the end of induction (quizartinib, N=192; placebo, N=176); of these, 196 (53.3%) underwent allo-HCT in CRc1 (quizartinib, N=110; 
placebo, N=86). Multivariable analyses revealed quizartinib treatment and allo-HCT in either CR1 (hazard ratio [HR]=0.553, 95% 
confidence interval [95% CI]: 0.383-0.798, P=0.0015 and HR=0.527, 95% CI: 0.349-0.796, P=0.0023, respectively) or CRc1 (HR=0.645, 
95% CI: 0.470‒0.886, P=0.0068 and HR=0.557, 95% CI: 0.391-0.793, P=0.0012, respectively) as significant predictive factors for 
a longer OS. No new safety signals were identified. Patients who underwent protocol-specified allo-HCT in CR1/CRc1 experi-
enced post-transplant-related complications, mostly grade ≥2 graft-versus-host disease, as expected. This post-hoc analysis 
further supports the use of quizartinib and allo-HCT in CR1/CRc1 as an efficacious and well-tolerated treatment strategy for 
newly diagnosed FLT3-ITD-positive AML patients fit for intensive chemotherapy.
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Introduction

FMS-like tyrosine kinase 3-internal tandem duplication 
(FLT3-ITD) is among the most common genetic alterations 
in newly diagnosed acute myeloid leukemia (AML), with 
an incidence of ≈25%; it is associated with poor progno-
sis, high relapse rate, and inferior overall survival (OS).1,2 
Standard chemotherapy with FLT3 inhibitors followed by 
allogeneic hematopoietic cell transplantation (allo-HCT) is 
the mainstay treatment for patients with newly diagnosed 
FLT3-ITD-positive AML who are fit for intensive chemo-
therapy.3,4

According to the most recent National Comprehensive 
Cancer Network (NCCN)4 and European LeukemiaNet (ELN)3 
AML guidelines, all patients with FLT3-ITD AML are cate-
gorized as intermediate risk, regardless of FLT3-ITD allelic 
ratio (FLT3-ITD/FLT3 wild-type) or nucleophosmin 1 (NPM1) 
mutation status. Allo-HCT in first complete remission 
(CR1) improves OS and relapse-free survival (RFS) in pa-
tients with AML.5,6 However, even with allo-HCT, the risk 
of relapse remains high in patients with newly diagnosed 
FLT3-ITD-positive AML (30%-59%), particularly in com-
parison to that of patients without FLT3-ITD (16%-19%).7,8 

Therefore, inhibiting the tyrosine kinase signaling pathway 
has been a successful new therapeutic strategy for these 
patients.9-13 Furthermore, in patients with newly diagnosed 
FLT3-mutated AML, treatment with midostaurin in combi-
nation with standard chemotherapy, including the option to 
undergo allo-HCT in CR1 or complete remission (CR) with 
incomplete neutrophil or platelet recovery (CRi), improved 
survival substantially, relative to placebo. Of note, the 
benefit provided by midostaurin over placebo was more 
pronounced in patients who underwent allo-HCT than in 
those who did not.12,14

Quizartinib is a highly potent, selective, second-generation, 
type II FLT3 inhibitor for once-daily, oral treatment.15-18 
Based on data from the QuANTUM-First trial (ClinicalTrials.
gov identifier: NCT02668653),19 quizartinib has recently been 
approved in combination with chemotherapy across induc-
tion, consolidation, and as maintenance monotherapy by the 
United States Food and Drug Administration,20,21 the Japanese 
health agency,22 the European Medicines Agency,23,24 and by the 
United Kingdom health agency,25,26 for the treatment of adult 
patients with newly diagnosed FLT3-ITD-positive AML (but not 
after allo-HCT in the United States). In QuANTUM-First, the 
addition of quizartinib to standard induction and consol-
idation chemotherapy, including allo-HCT, followed by up 
to 36 cycles (≈3 years) of quizartinib maintenance mono-
therapy resulted in a statistically significant 16.8 months 
OS extension compared with standard therapy (placebo 
group) in patients with newly diagnosed FLT3-ITD-posi-
tive AML, with a significant reduction in the risk of death 
(hazard ratio [HR]=0.78, P=0.032), and a manageable safety 
profile.19 A clinically meaningful reduction in cumulative in-
cidence of relapse (CIR), an increased duration of CR, and 

a reduction in measurable residual disease contributed 
to the OS benefit. The objectives of this QuANTUM-First 
post-hoc analysis were to assess the impact of allo-HCT 
in CR1 and in composite CR1 (CRc1), with composite CR 
(CRc) including both CR as well as CRi and the interplay 
with quizartinib treatment on clinical outcomes in patients 
with newly diagnosed FLT3-ITD-positive AML.

Methods

A detailed description of the QuANTUM-First trial was pre-
viously published.19 Per protocol, patients were permitted 
to undergo allo-HCT after CR or CRi had been achieved 
(protocol-specified allo-HCT).19 Allo-HCT for consolidation 
could be performed after induction, any time during con-
solidation, or within the first 3 months of maintenance.19 
After engraftment, patients who received protocol-specified 
allo-HCT were eligible to enter maintenance and received 
36 cycles (28 days per cycle) of quizartinib 60 mg daily 
or placebo, according to their initial study randomization. 
Any allo-HCT performed for other reasons (e.g., molecular 
relapse or without CR or CRi response) was considered as 
non-protocol-specified AML therapy.19 Patients receiving 
non-protocol-specified AML therapy were discontinued 
from the allocated treatment and followed up for clinical 
outcome data. Any allo-HCT performed after treatment 
discontinuation was non-protocol-specified.19 The trial was 
conducted in compliance with the Declaration of Helsinki 
and Good Clinical Practice guidelines outlined by the In-
ternational Council for Harmonisation. Institutional review 
boards or independent ethics committees approved the 
protocol at each participating site. Patients provided writ-
ten informed consent before enrollment.

Statistical analyses of efficacy
OS was analyzed in the intent-to-treat analysis set, compris-
ing all randomized patients. The median duration of follow-up 
was calculated by the reverse Kaplan-Meier estimate.27 The 
effect of allo-HCT on OS as a time-dependent intervening 
event was tested by using the Mantel-Byar method28 for uni-
variable and extended Cox regression (Andersen-Gill model)29 
for multivariable analyses. The Mantel-Byar univariable OS 
analysis was performed in patients who achieved CR/CRc 
by the end of induction comparing OS for patients who un-
derwent allo-HCT with OS for patients who did not undergo 
allo-HCT in each treatment arm. The multivariable extend-
ed Cox regression OS analysis was performed in patients 
who achieved CR/CRc by the end of induction, stratified by 
region, age, and white blood cell count, including allo-HCT 
in CR1/CRc1 as a time-dependent variable and adjusted 
for FLT3-ITD variant allele frequency (FLT3-ITD/total FLT3) 
and sex. The method of Simon and Makuch30 was used to 
assess the time-dependent effect of allo-HCT in CR1/CRc1 
on OS according to initial randomization, in patients who 
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achieved CR/CRc by the end of induction. The Simon and 
Makuch plot considers the timing of allo-HCT occurrence; 
therefore, once a patient undergoes allo-HCT, the patient 
switches from the “without allo-HCT” category to the “with 
allo-HCT” category and is censored at that time in the 
“without allo-HCT” curve. P values were not adjusted for 
multiplicity. The analyses presented are post-hoc analyses. 
RFS and CIR were analyzed in patients who achieved CR/
CRc by the end of induction based on independent review 
committee assessment. RFS was defined as the time from 
randomization until documented relapse or death from any 
cause, whichever occurred first. The medians of OS and 
RFS were estimated based on the Kaplan-Meier method, 
the two-sided 95% confidence interval (95% CI) using the 
method of Brookmeyer and Crowley, and the HR (with 95% 
CI) using an unstratified Cox proportional hazards model.

Graft-versus-host disease analyses
The incidence and severity (including grading and staging)31,32 
of acute or chronic graft-versus-host disease (GvHD) were 
assessed in the safety analysis population (i.e., patients who 
received at least one dose of quizartinib or placebo and 
underwent protocol-specified allo-HCT) every 4 weeks after 
allo-HCT and at the following post-transplant timepoints: 
day 100, 6 months (±3 months), 12 months (±3 months), 
18 months (±3 months), and 24 months (−3/+6 months). 
Details on patients, randomization, and safety analyses are 
provided in the Online Supplementary Methods.

Results

Patients’ disposition
In QuANTUM-First, 539 patients were randomized to re-
ceive either quizartinib (N=268) or placebo (N=271) (Figure 
1).19 At the time the trial was conducted, the risk stratifi-
cation outlined in the NCCN and ELN guidelines33 of that 
time indicated that patients with a high FLT3-ITD allelic 
ratio and NPM1 wild type had an adverse risk, those with 
a low FLT3-ITD allelic ratio and NPM1 wild type had an in-
termediate risk, and those with a low FLT3-ITD allelic ratio 
and NPM1 mutation had a favorable risk. Allo-HCT was not 
recommended by these guidelines for patients with low 
FLT3-ITD allelic ratio and NPM1 mutation.
Overall, 272 (50.4%) patients of the 539 in the intent-to-treat 
population underwent allo-HCT (both protocol-specified 
and non-protocol-specified; 53.7% [144/268] of patients 
in the quizartinib arm and 47.2% [128/271] in the placebo 
arm) (Table 1). There were 83 patients who underwent 
non-protocol-specified allo-HCT (44 in the quizartinib arm 
and 39 in the placebo arm), but four of these patients (2 
in each treatment arm) also underwent protocol-specified 
allo-HCT (Table 1). Of the intent-to-treat population, 64.6% 
of patients in either the quizartinib arm (173/268) or the pla-
cebo arm (175/271) entered consolidation (Figure 1). Of these, 

allo-HCT in CR1/CRc1 was performed in 31.3% (84/268)/41.1% 
(110/268) of patients in the quizartinib arm versus 26.9% 
(73/271)/31.7% (86/271) in the placebo arm (Figure 1, Table 
1). In addition, there were 115 allo-HCT performed outside 
CR1 (22.4% [60/268] of patients in the quizartinib arm 
and 20.3% [55/271] in the placebo arm) (Table 1). Of the 
115 allo-HCT conducted outside CR1, 93 (80.9%) occurred 
in patients who did not achieve CR1 (52/268 [19.4%] in 
the quizartinib arm and 41/271 [15.1%] in the placebo arm) 
and 22 (19.1%) occurred after relapse (8/268 [3.0%] in the 
quizartinib arm and 14/271 [5.2%] in the placebo arm) (Ta-
ble 1). Of 93 patients who underwent allo-HCT not in CR1, 
39 had allo-HCT in CRc1 (26/268 [9.7%] in the quizartinib 
arm and 13/271 [4.8%] in the placebo arm) (Table 1). Of the 
intent-to-treat population, 43.3% (116/268) of patients in 
the quizartinib arm versus 33.9% (92/271) in the placebo 
arm entered maintenance (Figure 1). Of these, allo-HCT in 
CR/CRc1 was performed in 22.8% (61/268)/28.4% (76/268) of 
patients in the quizartinib arm versus 13.3% (36/271)/16.6% 
(45/271) in the placebo arm (Figure 1). The disposition of 
patients who achieved CR/CRc is presented in Online Sup-
plementary Figure S1.

Conditioning regimen and graft characteristics in 
patients undergoing allogeneic transplantation in first 
remission
The conditioning regimens and graft characteristics were 
well balanced between treatment arms in the two co-
horts (Table 1). Among patients who underwent allo-HCT in 
CR1/CRc1 with quizartinib (N=84/N=110), those who did so 
with placebo (N=73/N=86), 50.0%/50.9% in the quizartinib 
arm received a myeloablative conditioning regimen versus 
45.2%/47.7% in the placebo arm. Patients predominantly 
received grafts from unrelated donors (47.6%/49.1% in the 
quizartinib arm vs. 52.1%/50.0% in the placebo arm, respec-
tively). The majority of patients received matched grafts 
(72.6%/70.9% in the quizartinib arm vs. 69.9%/67.4% in the 
placebo arm, respectively). Peripheral blood was the ma-
jor source of stem cells for 78.6%/75.5% in the quizartinib 
arm versus 84.9%/83.7% in the placebo arm, respectively. 
In the quizartinib arm, allo-HCT was performed in CR1/
CRc1 after a median time of 3.5 months; in the placebo 
arm, allo-HCT was performed in CR1 after a median of 3.3 
months and in CRc1 after a median of 3.2 months (Table 1). 
For GvHD prophylaxis, patients received mainly calcineurin 
inhibitors (cyclosporine and tacrolimus), methotrexate, and 
mycophenolate mofetil.

Baseline patients’ demographics and disease 
characteristics
Patients’ demographics and disease characteristics were 
well balanced across the five cohorts, including patients 
who achieved CR (N=297), patients who underwent allo-HCT 
in CR1 (N=157), patients who achieved CR and did not un-
dergo allo-HCT in CR1 (N=140), patients who achieved CRc 
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(N=368), and patients who underwent allo-HCT in CRc1 
(N=196) (Table 2). The median age of patients achieving CR/
CRc was 56 years/55 years, similar to that of the overall 
population of QuANTUM-First of 56 years.19 Patients who 

underwent allo-HCT in CR1/CRc1 were younger (median age 
of 51 years) with lower rates of Eastern Cooperative Oncology 
Group performance status (ECOG PS) of 2 (13.4%/11.2%, re-
spectively) than those who did not undergo allo-HCT in CR1 

Figure 1. Diagram of the patients flow in the study.  aIncludes protocol-specified allogeneic hematopoietic cell transplan-
tation (allo-HCT). bIncludes protocol-specified allo-HCT and non-protocol-specified allo-HCT. FLT3-ITD: FMS-like tyrosine 
kinase 3-internal tandem duplication; ITT: intent-to-treat; HiDAC: high-dose cytarabine; CR1: first complete remission; 
CRc1: first composite complete remission.
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Table 1. Allogeneic hematopoietic cell transplantation timing, conditioning regimens, and graft characteristics.

Characteristics Quizartinib Placebo

Overall allo-HCT timing

Patients in the ITT population, N 268 271

Patients who underwent allo-HCT overall,a N (%) [95% CI]b

In CR1,c N (%) [95% CI]b

Time to allo-HCT in CR1 in months, median (range)
Time to allo-HCT in CR1 in months, mean (SD)

Outside CR1, N (%) [95% CI]b

Without CR, N (%) [95% CI]b

   In CRc1, N (%) [95% CI]b

After relapse,d N (%) [95% CI]b

In CRc1,e N (%) [95% CI]b

Time to allo-HCT in CRc1 in months, median (range)
Time to allo-HCT in CRc1 in months, mean (SD)

Outside CRc1, N (%) [95% CI]b

144 (53.7) [47.6-59.8]
84 (31.3) [25.8-37.3]

3.5 (0.6-11.2)
4.1 (2.1)

60 (22.4) [17.5-27.9]
52 (19.4) [14.8-24.7]

26 (9.7) [6.4-13.9]
8 (3.0) [1.3-5.8]

110 (41.0) [35.1-47.2]
3.5 (0.6-11.2)

4.1 (2.1)
34 (12.7) [8.9-17.3]

128 (47.2) [41.2-53.4]
73 (26.9) [21.7-32.6]

3.3 (0.8-11.6)
3.6 (1.9)

55 (20.3) [15.7-25.6]
41 (15.1) [11.1-20.0]

13 (4.8) [2.6-8.1]
14 (5.2) [2.9-8.5]

86 (31.7) [26.2-37.6]
3.2 (0.8-11.6)

3.6 (1.8)
42 (15.5) [11.4-20.4]

Patients who underwent protocol-specifiedf allo-HCT, N (%) [95% CI]b

After CR, N (%) [95% CI]b

After CRc, N (%) [95% CI]b

102 (38.1) [32.2-44.2]
74 (27.6) [22.3-33.4]
99 (36.9) [31.1-43.0]

91 (33.6) [28.0-39.5]
72 (26.6) [21.4-32.2]
85 (31.4) [25.9-37.3]

Patients who underwent non-protocol–specified allo-HCT, N (%) [95% CI]b 44 (16.4) [12.2-21.4] 39 (14.4) [10.4-19.1]

Conditioning regimen and graft characteristics in patients receiving allo-HCTa in CR1

N of patients 84 73

Conditioning regimen, N (%)
Ablative, MAC
Reduced intensity/non-ablative, RIC

Reduced intensity
Non-ablative, NMA

Missing

42 (50.0)
34 (40.5)
11 (13.1)
23 (27.4)

8 (9.5)

33 (45.2)
35 (47.9)
8 (11.0)

27 (37.0)
5 (6.8)

Donors related or unrelated, N (%)
Sibling
Other relatedg

Unrelated

29 (34.5)
15 (17.9)
40 (47.6)

22 (30.1)
13 (17.8)
38 (52.1)

Match type, N (%)
Matchedh

Not matchedi

Haploidenticalj

61 (72.6)
5 (6.0)

18 (21.4)

51 (69.9)
8 (11.0)

14 (19.2)

Source of stem cells, N (%)
Bone marrow
Peripheral blood
Cord blood

15 (17.9)
66 (78.6)

3 (3.6)

9 (12.3)
62 (84.9)

2 (2.7)

Conditioning regimen and graft characteristics in patients receiving allo-HCTa in CRc1

N of patients 110 86

Conditioning regimen, N (%)
Ablative, MAC
Reduced intensity/non-ablative, RIC

Reduced intensity
Non-ablative, NMA

Missing

56 (50.9)
45 (40.9)
12 (10.9)
33 (30.0)

9 (8.2)

41 (47.7)
40 (46.5)
9 (10.5)

31 (36.0)
5 (5.8)

Donors related or unrelated, N (%)
Sibling
Other relatedg

Unrelated

32 (29.1)
24 (21.8)
54 (49.1)

26 (30.2)
17 (19.8)
43 (50.0)

Match type, N (%)
Matchedh

Not matchedi

Haploidenticalj

78 (70.9)
6 (5.5)

26 (23.6)

58 (67.4)
9 (10.5)

19 (22.1)

Continued on following page.
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(median age of 61.5 years; ECOG PS of 2 in 18.6%) (Table 2). 
In the overall population, 52.3% had a concomitant NPM1 
mutation, while patients who achieved CR/CRc and those 
who underwent allo-HCT in CR1/CRc1 had a slightly higher 
rate of concomitant NPM1 mutation (65.7%, 63.9%, 64.3%, 
and 62.8%, respectively). Most patients across the five 
cohorts (roughly 52.4%-55.6%) had FLT3-ITD variant allele 
frequency values ranging from >25% to ≤50%, which was 
similar to that of the overall population of QuANTUM-First 
(52.1%) (Table 2). As expected, patients who did not undergo 
allo-HCT in CR1 had the highest rates of concomitant NPM1 
mutation (67.1%) as well as the highest rates of FLT3-ITD 
variant allele frequency values, ranging from >25% to ≤50% 
(57.9%) (Table 2). The patients’ demographics and disease 
characteristics in these five cohorts, separated by treat-
ment arms, are provided in Online Supplementary Table S1.

Efficacy analysis
A univariable Mantel-Byar OS analysis found, among patients 
who achieved CR by the end of induction, a statistically 
significant OS benefit with allo-HCT in CR1 in the quizarti-
nib arm (P=0.0248) and in the placebo arm (P=0.0046). 
Similarly, among patients who achieved CR by the end of 
induction, an OS benefit was found with allo-HCT in CRc1 
in the quizartinib arm (P=0.0234) and in the placebo arm 
(P=0.0008).
According to a multivariable extended Cox regression anal-
ysis conducted in patients who achieved CR by the end 
of induction, both quizartinib treatment (HR=0.553, 95% 
CI: 0.383-0.798, P=0.0015) (Figure 2A) and allo-HCT in CR1 
(HR=0.527, 95% CI: 0.349-0.796, P=0.0023) (Figure 2A) were 
found to be predictive factors for a better OS. Similarly, in 
patients who achieved CRc by the end of induction, both 
quizartinib treatment (HR=0.645, 95% CI: 0.470-0.886, 
P=0.0068) (Figure 2B) and allo-HCT in CRc1 (HR=0.557, 95% 
CI: 0.391-0.793, P=0.0012) (Figure 2B) were predictive fac-
tors for longer OS. As expected, a FLT3-ITD variant allele 

frequency >50% was an unfavorable prognostic factor for 
OS (Figure 2B). Neither ECOG PS nor cytogenic risk cate-
gory was a predictive factor for longer OS in patients who 
achieved CR/CRc by the end of induction (Figure 2A, B).
Based on this model, quizartinib-treated patients who 
achieved CR/CRc by the end of induction and proceeded 
to allo-HCT in CR1/CRc1 had an OS advantage (HR=0.292, 
95% CI: 0.168-0.505 for CR1; HR=0.359, 95% CI: 0.225-0.573 
for CRc1) at any given time, compared with placebo-treated 
patients who achieved CR/CRc by the end of induction who 
had not yet received allo-HCT in CR1/CRc1 by that time.
According to a Kaplan-Meier OS analysis in patients who 
achieved CR/CRc by the end of induction, longer OS was 
observed in patients treated with quizartinib versus placebo, 
irrespective of whether they received allo-HCT in CR1/CRc1 
or not (Figure 3). Among patients who underwent allo-HCT 
in CR1, the HR was 0.591 (95% CI: 0.330-1.059) (Figure 3A). 
Among patients who did not undergo allo-HCT in CR1, the 
HR was 0.579 (95% CI: 0.353-0.949) (Figure 3B) when OS 
was censored at the date of starting the conditioning reg-
imen for allo-HCT. Similar findings were obtained in the 
analysis by allo-HCT in CRc1 (Figure 3C, D). According to a 
Simon and Makuch OS analysis by allo-HCT, patients who 
achieved CR by the end of induction in the quizartinib arm 
had longer OS compared with those in the placebo arm, 
regardless of whether they received allo-HCT in CR1 or not 
(Figure 4A). Similar findings were obtained in the analysis 
by allo-HCT in CRc1 (Figure 4B). The time-dependent Simon 
and Makuch analysis of the effect of allo-HCT in CR1/CRc1 
on OS was consistent with the earlier analysis conducted 
with the Kaplan-Meier method (Figure 3).
Similar to the OS analysis, the RFS analysis in patients 
who achieved CR/CRc by the end of induction and under-
went allo-HCT showed a longer RFS in patients treated 
with quizartinib versus placebo, irrespective of whether 
they received allo-HCT in CR1/CRc1 or not (Online Sup-
plementary Figure S2). Among patients who underwent 

aIncludes protocol-specified and non-protocol-specified allogeneic hematopoietic cell transplantation (allo-HCT). Some patients had both 
protocol-specified and non-protocol-specified allo-HCT. bBased on the Clopper-Pearson method. cIncludes protocol-specified and non-pro-
tocol-specified allo-HCT that occurred after the first complete remisssion (CR) without evidence of relapse by independent review committee 
(IRC) assessment. dIncludes protocol-specified and non-protocol-specified allo-HCT that occurred after relapse post-CR by IRC assessment. 
eIncludes protocol-specified and non-protocol-specified allo-HCT that occurred after the first composite CR without evidence of relapse by 
IRC assessment. fPatients who underwent allo-HCT directly after protocol treatment with no intervening acute myeloid leukemia therapy (ex-
cluding conditioning regimens). gRelative of the patient other than sibling. hDefined as at least antigen-level matching at HLA-A and HLA-B 
and high-resolution matching at HLA-DRB1 in 6/6 loci. iAny other antigen matching less than 6/6 was left to the decision of the treating in-
vestigator. jHalf matching. ITT: intent-to-treat; CI: confidence interval; CR1: first complete remission; SD: standard deviation; CRc1: first com-
posite complete remission; CRc: composite complete remission; MAC: myeloablative conditioning; RIC: reduced intensity conditioning; NMA: 
non-myeloablative conditioning; HLA: human leukocyte antigen.

Characteristics Quizartinib Placebo

Conditioning regimen and graft characteristics in patients receiving allo-HCTa in CRc1

Source of stem cells, N (%)
Bone marrow
Peripheral blood
Cord blood
Missing

23 (20.9)
83 (75.5)

3 (2.7)
1 (0.9)

12 (14.0)
72 (83.7)

2 (2.3)
0
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Table 2. Baseline demographics and disease characteristics of specific cohorts of patients.

Characteristics All patientsa Patients who 
achieved CR

Patients who 
achieved CR 

and 
underwent 
allo-HCT in 

CR1b

Patients who 
achieved CR 
and did not 

undergo 
 allo-HCT in 

CR1c

Patients who 
achieved CRc

Patients who 
achieved CRc 

and 
underwent 
allo-HCT in 

CRc1d

N of patients 539 297 157 140 368 196
Patients’ demographics

Age
In years, median (range)
<60 years, N (%)
≥60 years, N (%)
60-64 years, N (%)
≥65 years, N (%)

56 (20-75)
323 (59.9)
216 (40.1)
81 (15.0)

135 (25.0)

56 (20-75)
180 (60.6)
117 (39.4)
47 (15.8)
70 (23.6)

51 (20-70)
116 (73.9)
41 (26.1)
26 (16.6)
15 (9.6)

61.5 (23-75)
64 (45.7)
76 (54.3)
21 (15.0)
55 (39.3)

55 (20-75)
223 (60.6)
145 (39.4)
55 (14.9)
90 (24.5)

51 (20-70)
138 (70.4)
58 (29.6)
31 (15.8)
27 (13.8)

Sex, N (%)
Male
Female

245 (45.5)
294 (54.5)

125 (42.1)
172 (57.9)

67 (42.7)
90 (57.3)

58 (41.4)
82 (58.6)

159 (43.2)
209 (56.8)

89 (45.4)
107 (54.6)

Race, N (%)
Asian
Black or African American
American Indian or Alaska Native
Native Hawaiian/Pacific Islander
White
Other

158 (29.3)
7 (1.3)
1 (0.2)

0
322 (59.7)

51 (9.5)

87 (29.3)
4 (1.3)
1 (0.3)

0
176 (59.3)

29 (9.8)

55 (35.0)
0
0
0

88 (56.1)
14 (8.9)

32 (22.9)
4 (2.9)
1 (0.7)

0
88 (62.9)
15 (10.7)

109 (29.6)
4 (1.1)
1 (0.3)

0
220 (59.8)

34 (9.2)

69 (35.2)
0
0
0

110 (56.1)
17 (8.7)

Region, N (%)
North America
Europe
Asia/Other regions

34 (6.3)
326 (60.5)
179 (33.2)

19 (6.4)
181 (60.9)
97 (32.7)

13 (8.3)
86 (54.8)
58 (36.9)

6 (4.3)
95 (67.9)
39 (27.9)

21 (5.7)
225 (61.1)
122 (33.2)

15 (7.7)
108 (55.1)
73 (37.2)

Disease characteristics

ECOG PS, N (%)e

0
1
2

185 (34.3)
270 (50.1)
83 (15.4)

107 (36.0)
143 (48.1)
47 (15.8)

58 (36.9)
78 (49.7)
21 (13.4)

49 (35.0)
65 (46.4)
26 (18.6)

126 (34.2)
188 (51.1)
54 (14.7)

69 (35.2)
105 (53.6)
22 (11.2)

Cytogenetic risk, N (%)f

Favorable
Intermediate
Unfavorable
Unknown
Missing

33 (6.1)
390 (72.4)

46 (8.5)
69 (12.8)

1 (0.2)

16 (5.4)
217 (73.1)

23 (7.7)
40 (13.5)

1 (0.3)

7 (4.5)
122 (77.7)

13 (8.3)
14 (8.9)
1 (0.6)

9 (6.4)
95 (67.9)
10 (7.1)

26 (18.6)
0

22 (6.0)
269 (73.1)

27 (7.3)
49 (13.3)

1 (0.3)

10 (5.1)
154 (78.6)

13 (6.6)
18 (9.2)
1 (0.5)

Mutated NPM1, N (%)g 282 (52.3) 195 (65.7) 101 (64.3) 94 (67.1) 235 (63.9) 123 (62.8)
Mutated CEBPA, N (%)g 126 (23.4)h 73 (24.6) 39 (24.8) 34 (24.3) 88 (23.9) 46 (23.5)
FLT3-ITD/total FLT3, N (%)i,j

≥3% to ≤25%
>25% to ≤50%
>50%

192 (35.6)
281 (52.1)
65 (12.1)

96 (32.3)
165 (55.6)
36 (12.1)

54 (34.4)
84 (53.5)
19 (12.1)

42 (30.0)
81 (57.9)
17 (12.1)

127 (34.5)
193 (52.4)
47 (12.8)

72 (36.7)
100 (51.0)
24 (12.2)

WBC count at diagnosis of AML, N (%)
<40×109/L
≥40×109/L

272 (50.5)
267 (49.5)

141 (47.5)
156 (52.5)

72 (45.9)
85 (54.1)

69 (49.3)
71 (50.7)

178 (48.4)
190 (51.6)

97 (49.5)
99 (50.5)

aThree patients in the intent-to-treat set were randomized but not treated in each arm. bIncludes protocol-specified allogeneic hematopoi-
etic cell transplantation (allo-HCT) and non-protocol-specified allo-HCT that occurred after the first complete remission (CR) without evidence 
of relapse by independent review committee (IRC) assessment. cIncludes 118 patients who achieved CR and did not undergo allo-HCT at all, 
and 22 patients who achieved CR and underwent allo-HCT outside first CR (after relapse). dIncludes protocol-specified allo-HCT and 
non-protocol-specified allo-HCT that occurred after the first composite CR without evidence of relapse by IRC assessment. eFor one patient 
in the placebo group, information on Eastern Cooperative Oncology Group performance status was not available. fFavorable: inv(16), t(16;16), 
t(8;21), t(15;17); intermediate: normal, +8, +6, −Y; unfavorable: deI(5q), −5, del(7q), −7, complex karyotype. gBased on the Navigate BioPharma 
central data. hIn a post-hoc analysis, 38 (7.1%) patients had CEBPA single mutations, and 13 (2.4%) patients had CEBPA double mutations. iVar-
iant allele frequency was assessed by central laboratory testing. jOne patient with unknown FLT3-ITD/total FLT3 status by central laboratory 
testing was positive per local laboratory testing. CR1: first complete remission; CRc: composite complete remission; CRc1: first composite com-
plete remission; ECOG PS: Eastern Cooperative Oncology Group performance status; NPM1: nucleophosmin 1; CEBPA: CCAAT enhancer-binding 
protein alpha; FLT3-ITD: FMS-like tyrosine kinase 3-internal tandem duplication; WBC: white blood cell; AML: acute myeloid leukemia. 
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allo-HCT in CR1, the HR was 0.607 (95% CI: 0.351-1.052) 
(Online Supplementary Figure S2A). Among patients who 
did not undergo allo-HCT in CR1, the HR was 0.682 (95% 
CI: 0.458-1.016) (Online Supplementary Figure S2B). Similar 
findings were obtained in the RFS analysis by allo-HCT in 
CRc1 (Online Supplementary Figure S2C, D). Consistently, 
the CIR rates were numerically lower in the quizartinib 
arm than in the placebo arm, irrespectively of whether 
the patients received allo-HCT in CR1/CRc1 or not (Online 
Supplementary Figure S3).

Safety analysis
Of the 102 patients in the quizartinib arm and 91 in the placebo 
arm who underwent protocol-specified allo-HCT in CR1/CRc1, 
57 (55.9%)/41 (45.1%), respectively, had post-transplant–related 
complications (Table 3). Most complications were grade ≥2 
GvHD, which affected 34 (33.3%) patients in the quizartinib 
arm and 22 (24.2%) patients in the placebo arm (Table 3). 
Among patients who underwent protocol-specified allo-HCT, 
acute GvHD was reported in 46 (45.1%) patients in the quizarti-
nib arm and in 35 (38.5%) patients in the placebo arm, and 
the percentage of patients with grade 3/4 acute GvHD was 

higher in the quizartinib arm (17 [16.7%]) than in the placebo 
arm (6 [6.6%]) (Table 3). Chronic GvHD was reported in 30 
(29.4%) patients in the quizartinib arm and 18 (19.8%) in the 
placebo arm (Table 3). Of the 85 patients with grade 2-4 
acute GvHD and chronic GvHD, the percentage of patients 
who discontinued in the quizartinib arm (31/51 [60.8%]) 
was lower than the percentage of those who discontinued 
placebo (24/34 [70.6%]) (Table 3). Online Supplementary 
Table S2 describes the maximum score for each organ. For 
patients who underwent allo-HCT, clinically relevant med-
ical conditions that had their onset and resolution during 
the allo-HCT period, as well as other medical conditions 
that started during the allo-HCT period and were still 
ongoing on day 1 of the phase, were collected. The most 
common medical conditions in patients who underwent 
protocol-specified allo-HCT were gastrointestinal disorders 
(stomatitis, diarrhea, nausea, and vomiting), infections 
(cytomegalovirus infection and pneumonia), and immune 
system disorders (GvHD) (Online Supplementary Table S3).
Similar proportions of patients in the quizartinib versus 
placebo groups had at least one adverse event (100%, 
each) and one grade 3 or worse adverse event (96.1% vs. 

Figure 2. Extended Cox regression analysis of overall survival, stratified by region, age, and white blood cell count. (A, B) Multi-
variable extended Cox regression post-hoc analysis was conducted in patients who achieved complete remission by the end of 
induction (A) and in patients who achieved composite complete remission by the end of induction (B), including allogeneic he-
matopoietic cell transplantation in first complete remission (A) and in first composite complete remission (B) as time-dependent 
variables and adjusted for FLT3-ITD variant allele frequency and sex. OS: overall survival; CR: complete remission; allo-HCT: al-
logeneic hematopoietic cell transplantation; CR1: first complete remission; HR: hazard ratio; CI: confidence interval; FLT3-ITD: 
FMS-like tyrosine kinase 3‒internal tandem duplication; VAF: variant allele frequency; ECOG: Eastern Cooperative Oncology Group; 
CRc: composite complete remission; CRc1: first composite complete remission.

A
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94.5%), with serious adverse events and adverse events 
associated with dose modifications being more frequent 
in the quizartinib group than in the placebo group (Online 
Supplementary Table S4). Among patients who underwent 

protocol-specified allo-HCT, the most common grade 3/4 
adverse events (occurring in ≥10% of patients) were febrile 
neutropenia, neutropenia, hypokalemia, pneumonia, and 
anemia in both groups; neutrophil count decreased and 

Figure 3. Kaplan-Meier plot of overall survival by treatment arm in patients who achieved complete remission (CR)/composite CR 
by the end of induction per independent review committee, by allogeneic hematopoietic cell transplantation in first CR/first com-
posite CR. Post-hoc analysis. (A) The group of patients who underwent allogeneic hematopoietic cell transplantation (allo-HCT)a in 
first complete remission (CR1). (B) The group who did not undergo allo-HCTa in CR1.b (C) The group who underwent allo-HCT in first 
composite complete remission (CRc1). (D) The group who did not undergo allo-HCT in CRc1.b aIncludes protocol-specified and 
non-protocol-specified allo-HCT. Some patients had both protocol-specified and non-protocol-specified allo-HCT. bOverall surviv-
al was censored at the starting date of the conditioning regimen for allo-HCT. OS: overall survival; HR: hazard ratio; 95% CI: 95% 
confidence interval; NR: not reached; NE: not evaluable; CRc1: first composite complete remission.

B

A

Figure 4. Time-dependent Simon and Makuch plot of overall survival from initial randomization by allogeneic hematopoietic cell 
transplantation in first complete remission (CR)/first composite CR in patients who achieved CR/composite CR by the end of 
induction per independent review committee. Post-hoc analysis. (A) The group who achieved CR by the end of induction. (B) The 
group who achieved composite CR by the end of induction. a“W/o allo-HCT in CR1” refers to patients who achieved CR without 
allogeneic hematopoietic cell transplantation (allo-HCT) in the study or patients who achieved CR with allo-HCT outside first CR. 
b“W/o allo-HCT in CRc1” refers to patients who achieved composite CR without allo-HCT in the study or patients who achieved 
composite CR with allo-HCT outside of first composite CR. OS: overall survival; CR1: first complete remission; CRc1: first com-
posite complete remission; CRc: composite complete remission.
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gamma-glutamyl transferase concentration increased more 
in the quizartinib group; and thrombocytopenia occurred 
more in the placebo group (Table 4).
Among 193 patients who underwent allo-HCT, 119 (quizartinib, 
N=70; placebo, N=49) received maintenance therapy. The 
exposure during maintenance therapy in these 119 patients 
was relatively similar between the two treatment arms, 
with a median adjusted treatment duration of 1.6 years in 

the quizartinib arm versus 1.7 years in the placebo arm, and 
with 68.6% of patients in the quizartinib arm versus 73.5% in 
the placebo arm receiving ≥12 cycles (Online Supplementary 
Table S5). Patients who underwent allo-HCT and received 
quizartinib maintenance had higher rates of grade ≥3 treat-
ment-emergent adverse events and rates of adverse events 
associated with dose modifications than those who received 
maintenance with placebo (Online Supplementary Table S6). 

Table 3. Graft-versus-host disease during the allogeneic hematopoietic cell transplantation period in patients who underwent 
protocol-specified allogeneic hematopoietic cell transplantation (safety analysis set).a

Characteristics Quizartinib Placebo

N of patients 102 91

Outcome of transplant, N (%)
Engraftment
Relapse
Death

85 (83.3)
0

6 (5.9)

71 (78.0)
3 (3.3)
6 (6.6)

Any transplant-related complications, N (%)
Grade ≥2 GvHD 

57 (55.9)
34 (33.3)

41 (45.1)
22 (24.2)

Patients with any post-allo-HCT GvHD, N (%)
Acute GvHDb

Onset after the start of the maintenance phase
Onset before the maintenance phase (including no maintenance phase)

Chronic GvHDc

Onset after the start of the maintenance phase
Onset before the maintenance phase (including no maintenance phase)

57 (55.9)
46 (45.1)

7 (6.9)
39 (38.2)
30 (29.4)
23 (22.5)

7 (6.9)

43 (47.3)
35 (38.5)

2 (2.2)
33 (36.3)
18 (19.8)
13 (14.3)

5 (5.5)

Acute GvHD
Event onset

N
Time in days, median (range)d

Patients with highest grade as, N (%)
Grade 1
Grade 2
Grade 3
Grade 4
Not applicablee

45
34.0 (1-116)

11 (10.8)
15 (14.7)
10 (9.8)
7 (6.9)
3 (2.9)

34
27.5 (6-155)

11 (12.1)
16 (17.6)

3 (3.3)
3 (3.3)
2 (2.2)

Chronic GvHDb

Event onset
N
Time in days, median (range)d

27
224 (102-747)

18
177 (82-722)

Study drug discontinuation in patients with grade 2-4 acute GvHD or chronic GvHD, Nf

Study drug discontinuation at any phase, N (%)
Primary reasons for study drug discontinuation, N (%) 
   Adverse events
   Relapse
   Investigator’s decision
   Failure to meet maintenance criteria
   Patient’s decision 
   Other

51
31 (60.8)
10 (19.6)

5 (9.8)
1 (2.0)
3 (5.9)
5 (9.8)

7 (13.7)

34
24 (70.6)

1 (2.9)
5 (14.7)
2 (5.9)
3 (8.8)

7 (20.6)
6 (17.6)

aThe safety analysis set includes all patients who received at least one dose of study drug or placebo (3 patients in each arm were not 
treated and are not included in the safety analysis set). If a patient had more than one event, the patient was counted only once; the ear-
liest onset time is displayed. bAcute graft-versus-host disease (GvHD) generally occurs within 100 days of the transplant date, but it also 
includes “late acute GvHD”, which occurs after day 100. cChronic GvHD generally occurs after 100 days from the transplant date, but it also 
includes “overlap chronic GvHD”, which may occur before day 100. dEvent onset time (days) = onset date ‒ transplant date + 1. eAcute GvHD 
present but could not be graded. fThe primary reasons for study drug discontinuation are as follows: adverse events, death, refractory 
disease, relapse, non-protocol-specified acute myeloid leukemia therapy, pregnancy, patient’s decision to discontinue dose, study termi-
nated by sponsor, protocol violation, lost to follow-up, investigator’s decision, patients did not meet ≥1 of the eligibility criteria for the 
maintenance phase, and other. If the number of patients who discontinued study treatment due to a reason was >0, the reason and the 
corresponding number are presented in the table. allo-HCT: allogeneic hematopoietic cell transplantation.
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As expected, based on quizartinib’s safety profile,19 rates of 
blood cytopenias (including neutropenia/neutrophil count 
decrease, anemia, and thrombocytopenia/platelet count 
decrease), gastrointestinal disorders (nausea, diarrhea, and 
vomiting), and infections (pneumonia and herpes zoster) 
were higher in the quizartinib arm than in the placebo arm 
(Online Supplementary Table S7).

Discussion

These analyses of the QuANTUM-First trial19 were focused 
on assessing the impact of allo-HCT in CR1/CRc1 and the 
interplay with quizartinib treatment compared with placebo 
on OS in patients with newly diagnosed FLT3-ITD-positive 
AML. The demographics and disease characteristics in 
the cohorts of patients who achieved CR/CRc and those 
who underwent allo-HCT in CR1/CRc1 were well balanced 
between treatment arms and generally reflective of the 
patient population with newly diagnosed FLT3-ITD-positive 
AML with a high burden of aggressive disease.
The multivariable extended Cox regression analysis, includ-
ing allo-HCT as a time-dependent covariable, demonstrat-
ed that among patients who achieved CR/CRc, quizartinib 
treatment and allo-HCT in CR1/CRc1 were associated with 
longer OS, with estimated reductions in the risk of death 
of 44.7% and 47.3%, respectively, for patients who achieved 
CR, and 35.5% and 44.3%, respectively, for patients who 
achieved CRc. One of the limitations of the Kaplan-Meier 

plot is that it does not consider the timing of allo-HCT 
occurrence, as patients’ categorization has to be de-
fined since randomization; therefore, patients who have 
undergone allo-HCT during the course of the study are 
included in the “with allo-HCT” category since the begin-
ning. A more analytically rigorous approach of the impact 
of allo-HCT on OS is provided by the Simon and Makuch 
method.30 Therefore, we have illustrated the survival 
benefit provided by treatment with quizartinib, including 
the interplay with allo-HCT as a time-dependent inter-
vention in patients with CR/CRc, in a Simon and Makuch 
plot, confirming improved OS in patients proceeding to 
allo-HCT in CR1/CRc1 and in patients receiving standard 
consolidation chemotherapy in the quizartinib arm over 
the placebo arm. A pre-planned sensitivity analysis of OS 
of the QuANTUM-First trial that censored at the starting 
date of the conditioning regimen for allo-HCT revealed a 
strong trend favoring quizartinib over placebo (HR=0.75), 
consistent with the primary analysis of OS (HR=0.78).19 RFS 
and CIR curves revealed that quizartinib provided higher 
RFS rates and lower CIR rates versus placebo, regardless 
of whether patients underwent allo-HCT or not, which 
could be attributed to higher rates of not detectable mea-
surable residual disease in quizartinib-treated patients 
than in placebo-treated patients, as previously reported.19

In the QuANTUM-First trial, patients who underwent 
protocol-specified allo-HCT experienced post-transplant 
-related complications, mostly grade ≥2 GvHD, as ex-
pected. Rates of acute and chronic post-transplant GvHD 

Table 4. Adverse events of grade 3/4 occurring in ≥5% of the patients who underwent protocol-specified allogeneic hematopoi-
etic cell transplantation, in either treatment arm (safety analysis set).a

Grade 3/4 adverse events Quizartinib Placebo

N of patients 102 91

Adverse events, N (%)b

Febrile neutropenia
Neutropenia
Neutrophil count decrease
Hypokalemia
Pneumonia
Gamma-glutamyl transferase increase
Anemia
Thrombocytopenia
Platelet count decrease
Decreased appetite
Alanine aminotransferase increase
Hypophosphatemia
Pyrexia
Blood bilirubin increase
Hypertension
Pneumonia, fungal
Sepsis
Staphylococcal sepsis

95 (93.1)
42 (41.2)
24 (23.5)
17 (16.7)
14 (13.7)
12 (11.8)
12 (11.8)
11 (10.8)
9 (8.8)
8 (7.8)
8 (7.8)
7 (6.9)
6 (5.9)
5 (4.9)
5 (4.9)
4 (3.9)
3 (2.9)
3 (2.9)

0

84 (92.3)
35 (38.5)
11 (12.1)
4 (4.4)

17 (18.7)
12 (13.2)

5 (5.5)
10 (11.0)
13 (14.3)

2 (2.2)
0

7 (7.7)
6 (6.6)
6 (6.6)
3 (3.3)
5 (5.5)
5 (5.5)
5 (5.5)
5 (5.5)

aThe safety analysis set includes all patients who received at least one dose of quizartinib or placebo (3 patients in each arm were not treat-
ed and are not included in the safety analysis set). If a patient had more than one event, the patient was counted only once. bRegardless of 
causality.
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in this study were generally in line with those reported 
for allo-HCT in patients with FLT3-mutated AML.34 More 
patients treated with quizartinib were able to undergo 
allo-HCT, resulting in more reporting of grade 3/4 acute 
GvHD in the quizartinib arm. GvHD events were reported 
as resolved or improved in the majority of patients. No 
new safety signals were identified in patients with newly 
diagnosed FLT3-ITD-positive AML who underwent allo-HCT 
in CRc1, and the safety profile was in agreement with 
QuANTUM-First safety data overall.19

Other studies demonstrated the value of allo-HCT as a 
valuable consolidation treatment that improves survival 
outcomes for patients with FLT3-ITD-positive AML, par-
ticularly when performed in CR1.6,12,35-38 Among the patients 
who underwent allo-HCT in CR1 in the RATIFY trial, a re-
markable improvement in OS was seen in those receiving 
induction and consolidation therapy with midostaurin and 
chemotherapy compared with those receiving placebo 
and chemotherapy.12 When the OS analysis was performed 
starting from the time of allo-HCT, patients in the mido-
staurin arm had a 24% risk reduction of death (compared 
with 22% risk reduction, based on the primary OS analysis), 
although allo-HCT was not mandatory and patients were 
not randomized to undergo allo-HCT.12

The risk of relapse is still higher in patients with newly diag-
nosed FLT3-ITD-positive AML than in patients without FLT3-
ITD, even after undergoing allo-HCT.7 Therefore, there is still 
an unmet need to decrease relapse rates after consolidation. 
The FLT3 inhibitor gilteritinib was investigated in patients 
with FLT3-ITD AML as maintenance therapy after allo-HCT 
in the phase III MORPHO trial (NCT02997202).39 The MOR-
PHO trial did not meet its primary RFS endpoint nor its key 
secondary OS endpoint; hence, it did not provide a definitive 
answer on the role of maintenance therapy after HCT with 
a FLT3 inhibitor.39 Post-hoc analyses from QuANTUM-First 
suggest that quizartinib would allow more patients to receive 
maintenance therapy after HCT than would placebo, but 
due to statistical limitations with small sample sizes and 
small numbers of OS events, more research is warranted.40 
Two phase III trials of FLT3 inhibitors in patients with newly 
diagnosed FLT3-mutated AML are ongoing, but their results 
are not yet available (ARO-021 [NCT03258931]41 and HOVON 
156 AML [NCT04027309]).42

These unplanned post-hoc analyses have several limitations. 
The fact that allo-HCT was performed per investigator’s 
decision adds some variability to the study. In addition, only 
slightly more than 50% of patients who achieved CR/CRc re-
ceived allo-HCT. As a result, some analyses included a small 
number of patients, which could limit the generalization of 
the results. The P values were not adjusted for multiplicity; 
therefore, results should be interpreted appropriately.
These post-hoc analyses of the QuANTUM-First trial showed 
that quizartinib treatment and allo-HCT in CR1/CRc1 were 
favorable factors for longer OS for patients in the study. 
Patients who achieved remission on quizartinib had lon-

ger OS than patients on placebo, irrespective of wheth-
er they underwent allo-HCT in first remission. Rates of 
post-transplant GvHD seemed to be in line with those 
reported for allo-HCT in previous studies. No new safe-
ty signals were identified in patients who underwent 
allo-HCT. Therefore, taken together, these data further 
support quizartinib as an efficacious and well-tolerated 
treatment option for patients aged 18-75 years with newly 
diagnosed FLT3-ITD-positive AML.
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