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BACKGROUND
• FMS-like tyrosine kinase 3‒internal tandem duplication (FLT3-ITD) mutations:

 – Common in acute myeloid leukemia (AML) and are a negative prognostic marker1–3

• 3 United States Food and Drug Administration- and/or European Medicines Agency-approved FLT3 inhibitors: 
midostaurin,4 gilteritinib,5 and quizartinib6

• Quizartinib:
 – Type II inhibitor1,6 active against FLT3-ITD mutations1,3

 – More potent and selective than either midostaurin or gilteritinib1,3

 – Improved survival when added to induction, consolidation, and continuation therapy of newly diagnosed adults with 
FLT3-ITD+ AML6

• Measurable residual disease (MRD):
 – Key prognostic factor in AML7–9

 – Conventional Polymerase chain reaction (PCR) for FLT3-ITD less useful due to insensitivity (~1%)8

• PCR-next–generation sequencing (NGS) is sensitive and specific for FLT3-ITD MRD (targeting exons 14-15)8,10:
 – PCR amplification step8

 – Amplicons analyzed by NGS8

 – Developed specifically for this trial8,10

 – Lower limit of quantification (LLOQ)=10−4

 – Lower limit of detection=2×10−6

 – Often identifies multiple internal tandem duplication (ITD) sequences

• A retrospective FLT3-ITD PCR-NGS MRD analysis of 161 newly diagnosed FLT3-ITD+ patients with AML enrolled in 
phase 3 HOVON-SAKK clinical trials11

 – MRD after 2 cycles of intensive chemotherapy was associated with increased relapse risk and reduced OS11

• Distal ITD insertion sites are associated with long ITD insert size.12 In the RATIFY trial, patients with the most distal ITD 
insertion site (TKD1) had a significantly inferior OS compared with patients with more proximal insertion sites (JMD)13

 – The negative impact conferred by the most distal ITD insertion sites was not improved by midostaurin treatment13

• Retrospective United Kingdom cooperative group data suggested multiple FLT3-ITDs worsen survival, but follow-up 
studies did not confirm this.14,15 A limitation of these studies was the low-sensitivity PCR assay used, which cannot detect 
low-level variant allele frequency (VAF) FLT3-ITDs easily seen by PCR-NGS

AIMS
• Using samples from QuANTUM-First analyzed for FLT3-ITD MRD by PCR-NGS, we sought to answer the following:

 – Do deeper remissions, defined as having lower FLT3-ITD MRD at defined therapy time points, correlate with survival?
 – Does the addition of quizartinib to intensive chemotherapy result in lower levels of FLT3-ITD MRD (eg, deeper remissions)?
 – Does ITD length at diagnosis impact the outcome and if so, what is the impact of quizartinib on these outcomes?
 – Does the presence of multiple ITD clones at diagnosis impact the outcome, and if so, what is the impact of quizartinib 

on these outcomes?

METHODS
• Assay used for MRD analysis:

 – FLT3-ITD mutations were obtained from 800 ng to 1100 ng of genomic DNA and cross-validated against enrollment 
ITD sequences

 – VAF (FLT3-ITD/total FLT3) calculated 
 – Two cutoffs for MRD were used: 
• 10−4 leukemia cells (predefined/per protocol, based on the assay LLOQ)
• Zero/undetectable (post hoc analysis)

• Statistical methods:
 – Comparison of the FLT3-ITD MRD VAF between treatment arms across time points was made using a Wilcoxon 

rank-sum test 
 – Comparisons of OS by ITD length and number of ITD inserts were made using unstratified Cox regression analysis
 – All P values were not adjusted for multiplicity

Table 1. MRD, Long ITD Inserts, and Possibly Multiple ITDs Negatively Impact Survival

FLT3-ITD MRD+ (n=47) FLT3-ITD MRD‒ (n=114) HR (95% CI) P value
4-year CIR11 75% 33% 3.70 (2.31-5.94) P<0.001

4-year OS11 31% 57% 2.47 (1.59-3.84) P<0.001

TKD1 sole (n=84) JMD sole (n=251) P value
4-year OS13 29% 44% P=0.032

TKD1 sole (n=84) JMD sole (n=251)
Midostaurin 

(n=55) Placebo (n=29) Midostaurin 
(n=119) Placebo (n=132)

4-year OS13 32% 26% 48% 40%

P value P=0.256 P=0.047

CI, confidence interval; CIR, cumulative incidence of relapse; FLT3-ITD, FMS-like tyrosine kinase 3‒internal tandem duplication; HR, hazard ratio; ITD, internal tandem duplication; 
JMD, juxtamembrane domain; MRD, measurable residual disease; OS, overall survival; TKD1, tyrosine kinase domain-1.

Figure 1. Addition of Quizartinib to Intensive Induction, Consolidation, and Continuation Therapy Improved 
Overall Survival (OS) in QuANTUM-First Phase 3 Trial
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• Newly diagnosed FLT3-ITD+ AML
• 18-75 years of age
• ≥3% FLT3-ITD allele frequency
• Patients begin 7+3 chemotherapy

during screening 
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Figure 2. MRD and QuANTUM-First
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Figure 3. Sample Acquisition/Collection
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Figure 4. FLT3-ITD MRD Reduction Predicts Overall Survival Across Therapy Time Points
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Figure 5. Across the Treatment Course, Quizartinib Leads to Deeper Responses and More Frequently Eliminates Detectable MRD Than Placebo
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Figure 6. FLT3-ITD MRD Reduction Predicts Survival Across Therapy Time Points (Cutoff 0)
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Figure 7. Long ITD Insertions Are Associated With Worse Survival
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No. at risk
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Placebo

0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48 51 54 57 60

264 236 207 185 167 155 149 143 137 120 107 93 80 67 49 36 22 9 6 1 0
274 245 219 185 160 138 130 123 119 109 94 84 73 57 43 31 19 7 3 0 0

No. at risk
ITD length < median
ITD length ≥ median

Time from randomization (months)
ITD length < median (n=264) ITD length ≥ median (n=274)

Post hoc analysis. aPatients may have only 1 ITD length or >1 ITD length. bMedian ITD length (54 bp) is calculated based on enrollment assay data (Navigate BioPharma FLT3-ITD 
Mutation Assay). cUnstratified Cox regression analysis.
CI, confidence interval; FLT3-ITD, FMS-like tyrosine kinase 3‒internal tandem duplication; HR, hazard ratio; ITD, internal tandem duplication; NR, not reached; OS, overall survival.

Figure 8. Multiple ITDs Are Associated With Worse Survival, and Quizartinib Can Improve OS in Patients With 
Multiple ITDs
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Post hoc analysis. aUnstratified Cox regression analysis.
CI, confidence interval; FLT3-ITD, FMS-like tyrosine kinase 3‒internal tandem duplication; HR, hazard ratio; ITD, internal tandem duplication; NR, not reached; OS, overall survival.

CONCLUSIONS
• These findings demonstrate the potential prognostic utility of FLT3-ITD–specific MRD measurements in the clinical 

management of patients with FLT3-ITD+ AML
• Elimination of detectable FLT3-ITD MRD is associated with longer OS compared with intensive chemotherapy with or 

without quizartinib
• Therapy with quizartinib is associated with deeper responses and more frequently eliminates detectable MRD than 

placebo after induction, after 2 cycles of chemotherapy, and after consolidation
• The presence of multiple ITDs or long ITD inserts at diagnosis did not negatively impact the survival benefits of quizartinib
• Our data suggest that some of the long-term OS benefits conferred by quizartinib derive from an early, deep, and 

sustained reduction of the FLT3-ITD+ leukemia burden
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Table 2. Baseline Characteristics of Patients With CRc by the End of induction 

Patient characteristics

Patients who achieved CRc by the end of induction  
(N=368; 192 with Quiz, 176 with PBO)  

with available MRD data (N=321)a

Quizartinib (N=162) Placebo (N=159)
Age, years   

 Median (range) 56 (23-75) 55 (20-75)

 <60 years, n (%) 99 (61.1) 96 (60.4)

 ≥60 years, n (%) 63 (38.9) 63 (39.6)

 60-64 years, n (%) 20 (12.3) 25 (15.7)

 ≥65 years, n (%) 43 (26.5) 38 (23.9)

Sex, n (%)
 Male 73 (45.1) 65 (40.9)

 Female 89 (54.9) 94 (59.1)

ECOG PS, n (%)
 0 53 (32.7) 56 (35.2)

 1 83 (51.2) 82 (51.6)

 2 26 (16.0) 21 (13.2)

Mutated NPM1, n (%) 99 (61.1) 102 (64.2)

Mutated CEBPA, n (%) 37 (22.8) 39 (24.5)

FLT3-ITD/total FLT3, n (%)
 ≥3% to ≤25% 57 (35.2) 50 (31.4)

 >25% to ≤50% 85 (52.5) 88 (55.3)

 >50% 20 (12.3) 21 (13.2)

 >25% 105 (64.8) 109 (68.6)

 Unknown 0 0

MRD sample collection, n (%)
 Peripheral blood 16 (9.9) 11 (6.9)

 Bone marrow aspirate 161 (99.4) 158 (99.4)
aMRD data are available for 321 out of 368 patients achieving CRc after 1 or 2 courses of induction (47 patients had no MRD data). CEBPA, CCAAT enhancer-binding protein 
alpha; ECOG PS, Eastern Cooperative Oncology Group performance status; CRc, composite complete remission; FLT3-ITD, FMS-like tyrosine kinase 3–internal tandem 
duplication; MRD, measurable residual disease; NPM1, nucleophosmin 1.

RESULTS


