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Background: Previous studies showed that FLT3 inhibitors played an important role in acute
myeloid leukemia (AML) therapy. However, discrepancies remain regarding the association
between FLT3 inhibitors use and prognosis of AML patients in clinical trials.
Aim: The aim of this study was to evaluate the effect of FLT3 inhibitors on the treatment of
AML in a systematic review and meta-analysis.
Materials and methods: PubMed, Embase, and Cochrane Library databases were searched
for studies published before August 2017 that used FLT3 inhibitors in AML. Fixed- and randomeffect models were used, and between-study heterogeneity was assessed.
Results: A total of 26 studies fitting our inclusion and exclusion criteria were included. The
FLT3 status of patients and main treatment outcomes including overall survival (OS), eventfree survival (EFS), relapse-free survival (RFS), complete remission (CR), and overall response
rate (ORR) after therapy were extracted. Five studies comparing addition of FLT3 inhibitors
and placebo or blank control to chemotherapy were analyzed in Part I, showing improved OS
(hazard ratio [HR]=0.86, 95% confidence interval [CI]=0.75–0.99, P=0.03) in the FLT3 inhibitor
group but without a significant improvement on EFS (HR=0.86, 95% CI=0.62–1.21, P=0.39)
and ORR (odds ratio [OR]=1.10, 95% CI=0.89–1.35, P=0.38). Twenty-one studies evaluating
the benefit of using FLT3 inhibitors in different FLT3-type AML patients were analyzed in Part
II, showing that FLT3–internal tandem duplication (ITD)-positive patients were more sensitive
to FLT3 inhibitor treatment and achieved better CR (OR=1.89, 95% CI=1.06–3.37, P=0.03)
and ORR (OR=3.07, 95% CI=2.13–4.43, P<0.001).
Conclusion: Our study showed that combined use of FLT3 inhibitors improved OS and that
the FLT3 status of AML patients could affect their sensitivity to FLT3 inhibitors in terms of
CR and ORR.
Keywords: acute myeloid leukemia, FLT3–ITD, clinical outcome, meta-analysis
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Acute myeloid leukemia (AML) is a heterogeneous hematologic malignancy characterized by clonal expansion of myeloid blasts in the peripheral blood, bone marrow
(BM), and/or other tissues, with an incidence of 3.7/100,000 individuals.1,2 Patients
with AML are divided into different risk states based on their cytogenetic and
molecular abnormalities. FLT3 protein is a member of the receptor-tyrosine kinase
(RTK) family, playing an important role in normal growth and differentiation of
hematopoietic precursor cells.3,4 In currently available studies,4,5 the internal tandem
duplications (ITDs) in FLT3 mutations were related to the blast of leukemia cells
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and suppression of apoptosis and were detected in ~23%
AML patients. A meta-analysis6 of AML patients showed
that the pooled hazard ratio (HR) of the impact of FLT3–ITD
on overall survival (OS) and relapse-free survival (RFS)
was 1.86 (95% confidence interval [CI]=1.57–2.20) and
1.83 (95% CI=1.54–2.18), respectively. The goal of treatment of AML is to achieve morphologic, cytogenetic, and
molecular complete remission (CR); prepare for subsequent
consolidation chemotherapy or hematopoietic cell transplantation (HCT); and get long-term OS, event-free survival
(EFS), and RFS.2 Patients with FLT3–ITD mutations are
considered to a have a higher risk of relapse with shorter
RFS, EFS, and OS and are recommended for clinical trials
where available.5,7
FLT3 inhibitors are a type of tyrosine kinase inhibitors
with FLT3 inhibitory activity. Preclinical research and clinical trials8,9 have confirmed the activity of FLT3 inhibitors
against AML primary blasts with FLT3–ITD mutations in
vitro and in vivo. Current studies8,10 have demonstrated that
the patients can benefit from the use of FLT3 inhibitors.
Sunitinib, midostaurin, lestaurtinib, sorafenib, quizartinib,
and crenolanib are the most common FLT3 inhibitors
reported in current clinical trials. Most of these drugs were
first approved for use in solid malignancies by the US Food
and Drug Administration (FDA). Except for several Phase I
and Phase II clinical trials on the safety and effectiveness
of these compounds,11–31 there have been limited studies to
evaluate the dosage, duration, monotherapy, or combination use with chemotherapy of these drugs in AML.32 In
addition, the demographic baselines in these studies varied
substantially. Only a few randomized controlled trials (RCTs)
or Phase III clinical trials33–37 have compared midostaurin-,
lestaurtinib-, or sorafenib-containing new regimens with the
standard chemotherapy regimens.
There is no consensus on the role of FLT3 inhibitors in
AML patients. The outcomes of clinical trials are controversial, and high risks of adverse events are also associated with
these agents.33 Knowing that there is no systematic review
and meta-analysis focusing on the role of FLT3 inhibitors in
AML therapy, we conducted this meta-analysis in an attempt
to clarify the clinical benefit of FLT3 inhibitors and make a
summary on the clinical outcomes in terms of CR, overall
response rate (ORR), OS, and EFS when FLT3 inhibitors are
added to conventional chemotherapy by comparing them with
chemotherapy alone (Part I). We also compared CR or ORR
between AML patients with different FLT3–ITD statuses
when FLT3 inhibitors were used (Part II).
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Materials and methods
Search strategy
The following literature searching strategy was used to identify potentially relevant studies focusing on FLT3 inhibitors
in AML induction/salvage therapy. PubMed, Embase, and
Cochrane Library databases were searched by using the following index terms: leukemia, myeloid, acute AND FLT3
OR tyrosine kinase inhibitor OR sorafenib OR sunitinib OR
midostaurin OR lestaurtinib OR quizartinib OR crenolanib,
without restrictions on the region and publication type.
Mesh subject words with random words were selected from
the PubMed database. No language limit was required for
publication. Relevant reference lists were screened through
manual search for further potential studies. When multiple
publications reported on the same study population, the
report that was most complete or had the longest follow-up
period was used. The last date of the search was August 3,
2017 (Figure 1).

Study selection
Two reviewers independently reviewed all studies and
selected eligible trials. To analyze the potential benefit from
adding FLT3 inhibitors to AML treatment in mixed population, we used the following inclusion criteria in Part I: 1)
RCTs involving comparison between FLT3 inhibitors and
placebo or blank control, with or without other chemotherapy
compounds in AML remission induction and/or salvage
treatment; 2) studies using CR, morphologic CR with
incomplete blood count recovery (CRi), morphologic CR
with incomplete platelet recovery (CRp), partial remission
(PR), OS, RFS, and EFS as the response criteria; and 3) the
definition of the above response criteria in accordance with
the recommendations of the International Working Group.38
CR was defined by the presence of <5% blasts in the BM with
1×109/L neutrophils and 100×109/L platelets in the peripheral
blood. CRp was defined in patients with CR but persistent
platelet count <100×109/L. CRi was defined in patients with
persistent neutrophil count <1×109/L or without platelet
recovery. PR required all hematologic values for a CR but
with a decrease of at least 50% in the percentage of blasts to
5–25% in the BM aspirate. To analyze the possible effect of
FLT3 inhibitors on AML with different FLT3 statuses, we
used the following inclusion criteria in Part II: 1) clinical
trials involving the outcome of using FLT3 inhibitors for the
treatment of AML; 2) studies using CR, CRi, CRp, PR, OS,
RFS, and EFS as the response criteria; 3) patients involving
gene analysis and treatment outcomes stratified on different
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1597 Potentially appropriate studies identified and
retrieved from databases
(last literature search date: August 3, 2017)

30 Studies from reference lists

1616 Potentially appropriate studies identified
1533 Studies excluded by title and abstract reading
191 Irrelevant to AML
347 No related clinical outcomes
191 Review articles
411 No clinical researches
64 Case reports
329 Not related to FLT3 mutations or FLT3 inhibitors

83 Potentially appropriate studies to be included in the
meta-analysis
57 Studies excluded by full text reading
34 All cases with FLT3 mutations
1 All cases with FLT3 WT
1 Data extraction failure due to mixed diseases
15 Data extraction failure due to mixed gene types
3 No use in inductive treatment
1 No standard response evaluation
2 No full text
26 Studies eligible for inclusion in meta-analysis

5 Studies eligible for treatment response to FLT3
inhibitors or placebo

21 Studies eligible for treatment response to different gene
types

Figure 1 Flow diagram concerning study identification, inclusion, and exclusion.
Abbreviations: AML, acute myeloid leukemia; FLT3, FMS-like tyrosine kinase 3; WT, wild type; NO, without.

FLT3 status; and 4) studies involving patients with multiple
types of FLT3 status. Owing to high AML transformation in
myelodysplastic syndrome (MDS) and related therapeutic
regimens between AML and MDS, studies with fewer than
10% MDS patients were included in our analysis. Studies that
could not meet any one of the above inclusion criteria were
excluded. Animal studies, review articles, and case reports
were also excluded.

Data extraction
Two reviewers independently extracted the data from the full
manuscripts of included articles, and any disagreement was
resolved by the third reviewer. We obtained the following
information from each article: first author, year of publication, number of included patients, gene type of patients,
therapeutic regimen, prior therapeutic regimen, type of AML,
AML status, and treatment outcome. The main treatment
Cancer Management and Research 2018:10

outcomes included CR, CRi, CRp, PR, OS, RFS, and EFS
after AML induction or salvage therapy in different regimens
(in Part I) or in different FLT3 status patients (in Part II).
Patients with the therapy outcome better than or equal to PR
were thought to respond to the current treatment regimen and
calculated for ORR. The quality of studies was assessed by
using the Cochrane risk of bias assessment tool for RCTs
(Figure S1) and Newcastle–Ottawa Quality Assessment Scale
(NOS) for cohort studies (Tables 1 and S1).

Statistical analysis
This meta-analysis was performed with the aid of software
Review Manager Version 5.3 (available at http://ims.cochrane.
org/revman/download). The number of main outcome events
and simple size were calculated. In the forest plots, odds ratio
(OR), HR, and their 95% CI were displayed in our qualitative
data synthesis. To assess the heterogeneity between studies,
submit your manuscript | www.dovepress.com
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2013
2010
2014
2010
2014
2012
2016
2012
2016

NCT01411267
NA
NCT00462761
NA
NA
NCT00783653
NCT00045942
NA
NA
NA

IND.186
NA
NCT01161550
NA
NA
NA
NCT01174888
NA
NA

CTEP25XS06801

Macdonald DA21
Pratz KW11
Ramsingh G22
Ravandi F24,b
Ravandi F23
Stone RM26,c
Walker AR28,d
Röllig C25
Iyer SP31

Zhang W27
Sorafenib

Sorafenib
Sorafenib
Midostaurin
Sorafenib
Sorafenib
Midostaurin
Midostaurin
Sorafenib
Crenolanib

Quizartinib
Quizartinib
Quizartinib
Sorafenib
Sunitinib
Sunitinib
Midostaurin
Sorafenib
Lestaurtinib
Quizartinib

Multiple types

Subgroup

NA

Phase I/II
N
Phase I
Phase I/II
Phase II
Phase IB
Phase I
NA
NA

Phase I
Phase II
Phase I
Phase I
Phase I
Phase I/II
Phase IIB
Phase I
Phase II
Phase II

NA

Clinical
status

Sorafenib and low-dose cytarabine
Monotherapy
Chemotherapy and midostaurin
Sorafenib, idarubicin, and cytarabine
Sorafenib, cytarabine, and idarubicin
Midostaurin, chemotherapy
Midostaurin, bortezomib, and MEC
Mixed
Crenolanib, salvage chemotherapy,
and HAM
Monotherapy

Chemotherapy, quizartinib
Monotherapy
Monotherapy
Monotherapy
Monotherapy
Chemotherapy, sunitinib
Monotherapy
Sorafenib, clofarabine, and cytarabine
Monotherapy
Monotherapy

Monotherapy

Treatment

Prior treatments

No prior chemotherapy
Relapsed/refractory AML
Relapsed/refractory AML
Untreated AML
Untreated AML
Untreated AML
Relapsed/refractory AML
Mixed
Prior treatments

Relapsed AML
Relapsed/refractory AML
Relapsed/refractory AML
Relapsed/refractory AML or MDS
Relapsed/refractory AML
Untreated newly diagnosed AML
Relapsed/refractory AML or MDS
Relapsed/ refractory AML
Untreated AML
Relapsed/refractory AML

Prior treatments

Patient states

Notes: aORR=CR+PR+HI+BR defined in this article. bOnly patients in Phase II included. cOnly patients in dose schedule III included. dOnly patients in dose levels 3, 3*, 3A, and 4 included.
Abbreviations: NA, not available; AML, acute myeloid leukemia; MDS, myelodysplastic syndrome; MEC, mitoxantrone, etoposide, cytarabine; HAM, high-dose Ara-C/mitoxantrone.

2008

2016
2012
2013
2010
2005
2015
2010
2011
2006
2012

NA

2014

Year

Cooper TM13
Cortes JE30
Cortes JE14
Crump M15
Fiedler W17
Fiedler W16
Fischer T18,a
Inaba H19
Knapper S20
Levis MJ29

Clinical register

Alvarado Y12

Author

Table 1 Baseline characteristics of 21 clinical trials included in the meta-analysis (Part 2)

61.5 (48–81)

14
133
54
27
12
22
92
11
27
137

16

21
12
9
51
62
40
23
28
6

69

≤21
≥60
60 (23–86)
71 (37–82)
72 (54–80)
≥60
≥18
≤21
73 (67–82)
FLT3–ITD (+): 50 (19–77)
FLT3–ITD (-): 55 (30–73)
≥60
Median 63
52 (32–71)
≤65
53 (18–66)
Median 48.5
19–70
64.5 (19–82)
70.5 (22–90)

Size

54 (18–87)

Age (years),
median (range)
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FLT3
mutation
Midostaurin
CALGB10603
RATIFY
NCT00651261
Stone RM39

2017

Mixed
Sorafenib
2013
Serve H33

NCT00893373
2008-004968-40
NCT00373373
Röllig C36,a

2015

Sorafenib

FLT3
mutation
Mixed
Lestaurtinib
2011
NCT00079482
Levis M35

Note: aCR was calculated.
Abbreviations: RCT, randomized controlled trial; FLT3, FMS-like tyrosine kinase 3; ORR, overall response rate; EG, experimental group; CG, control group; OS, overall survival; HR, hazard ratio; CI, confidence interval; EFS, event-free
survival; RFS, relapse-free survival; AML, acute myeloid leukemia; NA, not available; MEC, mitoxantrone, etoposide, cytarabine; D, daunorubicin; C, cytarabine; MDS, myelodysplastic syndrome; CR, complete remission.

0.78
NA
(0.66–0.93)
0.78
(0.63–0.96)
191/357
212/360

61/95
58/102
≥60

De novo AML,
secondary AML, or
AML from MDS
Newly diagnosed
AML

18–60

0.66
0.57
(0.48–0.90) (0.36–0.89)
1.26
NA
(0.94–1.70)
0.86
(0.58–1.27)
1.03
(0.73–1.44)
78/133
81/134
≤60
Untreated AML

NA
NA
NA
23/122
29/122
AML in first relapse 20–81

NA
0.90
(0.70–1.15)
188/200
Generally 277/300
<60
Untreated AML

Lestaurtinib or not, following
each of four cycles of
induction and consolidation
chemotherapy
Lestaurtinib or not, following
salvage chemotherapy (MEC)
D, C, sorafenib (400 mg twice
daily), or placebo
D, C (7+3 regimen), sorafenib
(400 mg twice daily), or
placebo
Midostaurin or placebo, D/C
induction, following high-dose
C consolidation
FLT3
mutation
Lestaurtinib
2017

Patient states
FLT3 gene Treatment
types
Year Subgroup
Clinical register

In five studies included in this part, the end points including OS, EFS, and ORR (containing CR, CRp, and CRi)
were analyzed for assessing the clinical effect. HR of OS
from four articles (two sorafenib, one lestaurtinib, and one
midostaurin) was pooled with no significant heterogeneity between them (P=0.56, I2=0%). Fixed-effect models
were selected, and a forest plot was performed to show
the results (HR=0.86, 95% CI=0.75–0.99, P=0.03; Figure 2). HR of EFS from three articles (two sorafenib and
one midostaurin) was pooled using random-effect models
(HR=0.86, 95% CI=0.62–1.21, P=0.39), with heterogeneity between studies (P=0.006, I2=80%; Figure 3). We
also pooled the ORR from five articles with no significant
heterogeneity (P=0.41, I 2=0%) and showed the result
(OR=1.10, 95% CI=0.89–1.35, P=0.38) using fixed-effect

Author

Part I: effects of adding FLT3 inhibitors to
conventional chemotherapy

Table 2 Baseline characteristics of five RCTs included in the meta-analysis (Part 1)

A total of 26 studies were identified and included in our
study. Five RCTs providing the data about addition of FLT3
inhibitor versus placebo or blank control to conventional
chemotherapy in AML were analyzed in Part I. The other
21 articles were analyzed in Part II to evaluate the benefit of
using FLT3 inhibitors between AML patients with and without FLT3–ITD mutations. There were 1905 patients involved
in Part I and 866 patients involved in Part II. Features of the
included studies are summarized in Tables 1 and 2. In Part I,
two studies33,36 used sorafenib in 464 patients, two34,35 used
lestaurtinib in 724 patients, and one39 used midostaurin in
717 patients. Four studies33,34,36,37 selected untreated AML,
and the other35 involved patients with relapsed AML. In Part
II, eight studies11,15,19,21,23–25,27 used sorafenib, four13,14,29,30 used
quizartinib, four18,22,26,28 used midostaurin, two16,17 used sunitinib, one20 used lestaurtinib, one31 used crenolanib, and one12
used multiple types of FLT3 inhibitors. In one study,18 ORR
included not only CR, CRi, CRp, and PR but also hematologic
improvement (HI) and blast response (BR).

Age
(years)

Results
Study characteristics

Knapper S34 ISRNCTN17161961
ISRNCTN55675535

ORR/EG ORR/CG OS (HR,
95% CI)

EFS (HR,
95% CI)

RFS (HR,
95% CI)

the Cochran’s Q test and I2 test were used. If the Cochran’s Q
test showed P<0.05 or the I2 test exhibited P>50%, indicating
significant heterogeneity between studies, the random-effect
model would be used. If the heterogeneity was acceptable,
the fixed-effect model would be used. Subgroup analyses on
different types of FLT3 inhibitors were performed to further
evaluate the heterogeneity and sensitivity. Funnel plots were
used to analyze the publication bias.

0.88
(0.69–1.12)
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log(HR)

Study or subgroup

SE

HR
IV, Fixed, 95% CI

Weight

1.1.1 Sorafenib
Röllig et al (2015)36
–0.1508 0.1999 12.1%
Serve et al (2013)33
0.0296 0.1735 16.0%
28.1%
Subtotal (95% CI)
Heterogeneity: 2 =0.46, df=1 (P=0.50); I2=0%
Test for overall effect: Z=0.37 (P=0.71)

HR
IV, Fixed, 95% CI

0.86 (0.58–1.27)
1.03 (0.73–1.45)
0.95 (0.74–1.23)

1.1.2 Lestaurtinib
34
–0.1054 0.1267 30.1%
Knapper et al (2017)
Subtotal (95% CI)
30.1%
Heterogeneity: Not applicable
Test for overall effect: Z=0.83 (P=0.41)

0.90 (0.70–1.15)
0.90 (0.70–1.15)

1.1.3 Midostaurin
Stone et al (2017)39
–0.2485 0.1074 41.8%
Subtotal (95% CI)
41.8%
Heterogeneity: Not applicable
Test for overall effect: Z=2.31 (P=0.02)

0.78 (0.63–0.96)
0.78 (0.63–0.96)

0.86 (0.75–0.99)

Total (95% CI)
100.0%
Heterogeneity: 2=2.04, df=3 (P=0.56); I2=0%
Test for overall effect: Z=2.15 (P=0.03)
Test for subgroup differences: 2=1.57, df=2 (P=0.46); I2=0%

0.1 0.2
0.5
1
Favors FLT3 inhibitors

2
5
10
Favors control

Figure 2 Forest plot for pooled HR of OS between combined use of FLT3 inhibitors with chemotherapy and chemotherapy alone in patients with AML.
Abbreviations: HR, hazard ratio; OS, overall survival; FLT3, FMS-like tyrosine kinase 3; AML, acute myeloid leukemia; SE, standard error; IV, inverse variance; CI, confidence
interval.

Study or subgroup
1.2.1 Sorafenib

log(HR)

SE

Weight

HR
IV, Random, 95% CI

–0.4155 0.1604 30.6%
Röllig et al (2015)36
0.2311 0.1511 31.6%
Serve et al (2013)33
62.2%
Subtotal (95% CI)
2
2
2
Heterogeneity: t =0.18; c =8.61, df=1 (P=0.003); I =88%
Test for overall effect: Z=0.28 (P=0.78)

HR
IV, Random, 95% CI

0.66 (0.48–0.90)
1.26 (0.94–1.69)
0.91 (0.49–1.72)

1.2.3 Midostaurin
39

Stone et al (2017)
–0.2485 0.0875 37.8%
Subtotal (95% CI)
37.8%
Heterogeneity: Not applicable
Test for overall effect: Z=2.84 (P=0.005)
100.0%
Total (95% CI)
Heterogeneity: t2 =0.07; c2=10.17, df=2 (P=0.006); I2=80%
Test for overall effect: Z=0.87 (P=0.39)
Test for subgroup differences: c2=0.22, df=1 (P=0.64); I2=0%

0.78 (0.66–0.93)
0.78 (0.66–0.93)

0.86 (0.62–1.21)
5
0.1
0.2
0.5
1
2
Favors FLT3 inhibitors Favors control

10

Figure 3 Forest plot for pooled HR of EFS between combined use of FLT3 inhibitors with chemotherapy and chemotherapy alone in patients with AML.
Abbreviations: HR, hazard ratio; EFS, event-free survival; FLT3, FMS-like tyrosine kinase 3; AML, acute myeloid leukemia; SE, standard error; IV, inverse variance; CI,
confidence interval.

models (Figure 4). The pooled results showed improved
OS with the addition of FLT3 inhibitors to conventional
chemotherapy, while no significant improvement on EFS
and ORR was seen.
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Part I: sensitivity and subgroup analysis
When we changed the fixed-effect models to randomeffect models for pooled analysis of the HR of OS, the
results remained the same (HR=0.86, 95% CI=0.75–0.99,
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Chemotherapy+TKI
Chemotherapy
OR
Events
Total Events Total Weight M–H, Fixed, 95% CI

1.3.1 Sorafenib
Röllig et al (2015)36
81
134
78
Serve et al (2013)33
102
61
58
Subtotal (95% CI)
236
Total events
139
139
Heterogeneity: c2=0.99, df=1 (P=0.32): I2=0%
Test for overall effect: Z=0.46 (P=0.65)

133
95
228

18.1%
15.9%
34.0%

1.08 (0.66–1.76)
0.73 (0.41–1.30)
0.92 (0.63–1.33)

200

10.1%

0.77 (0.37–1.58)

112
312

9.9%
20.0%

1.35 (0.72–2.52)
1.06 (0.66–1.69)

212
360
191
357 46.0%
Stone et al (2017)39
360
357 46.0%
Subtotal (95% CI)
Total events
212
191
Heterogeneity: Not applicable
Test for overall effect: Z=1.45 (P=0.15)
897 100.0%
1008
Total (95% CI)
Total events
657
541
Heterogeneity: c2=3.95, df=4 (P=0.41); I2=0%
Test for overall effect: Z=0.87 (P=0.38)
Test for subgroup differences: c2=1.62, df=2 (P=0.44); I2=0%

1.24 (0.93–1.67)
1.24 (0.93–1.67)

1.3.2 Lestaurtinib
188
34
277
300
Knapper et al (2017)
35
Levis et al (2011)
29
112
23
Subtotal (95% CI)
412
Total events
306
211
Heterogeneity: c2=1.35, df=1 (P=0.25): I2=26%
Test for overall effect: Z=0.24 (P=0.81)

OR
M–H, Fixed, 95% CI

1.3.3 Midostaurin

1.10 (0.89–1.35)
0.1

5
10
0.2
0.5
1
2
Favors control Favors FLT3 inhibitors

Figure 4 Forest plot for pooled OR of ORR between combined use of FLT3 inhibitors with chemotherapy and chemotherapy alone in patients with AML.
Abbreviations: OR, odds ratio; ORR, overall response rate; FLT3, FMS-like tyrosine kinase 3; AML, acute myeloid leukemia; TKI, tyrosine kinase inhibitor; M–H, Mantel–
Haenszel; CI, confidence interval

P=0.03); when we changed to use fixed-effect models for
pooled analysis of the HR of EFS, the result showed a significant improvement in EFS in the combined therapy group
(HR=0.83, 95% CI=0.73–0.95, P=0.008). Two sorafenib
studies included patients with different FLT3 statuses, and
a sensitivity analysis on ORR was conducted using the data
based on FLT3–ITD patients (data from SORAML study
were not changed because no details were extracted), also
showing no significant improvement on ORR (OR=1.14, 95%
CI=0.92–1.43, P=0.23; heterogeneity P=0.55, I2=0%). The
pooled data of subgroup analysis by types of FLT3 inhibitors
showed no significant improvement in ORR in the sorafenib
subgroup as compared with the current conventional chemotherapy (OR=0.92, 95% CI=0.63–1.33, P=0.65; heterogeneity P=0.32, I2=0%). In the lestaurtinib subgroup, the pooled
ORR (OR=1.06, 95% CI=0.66–1.69, P=0.81; heterogeneity
P=0.25, I2=26%) was also not statistically significant. When
we changed the statistical methods to random-effect models
or used pool risk ratio (RR), the results were consistent.

Part II: effect of FLT3 inhibitors between
FLT3–ITD-positive and -negative AML
A total of 21 studies were included in Part II for studying
the different efficacies of FLT3 inhibitors on FLT3–ITD or

Cancer Management and Research 2018:10

non-FLT3–ITD AML. We were unable to extract the CR
data in one of the articles.18 In all, 20 studies were pooled to
analyze CR and 21 studies were pooled to analyze ORR. In
CR analysis, 397 patients with FLT3–ITD and 377 patients
without this mutation were included. There was no significant
heterogeneity (P=0.97, I2=0%). Fixed-effect models were
selected, and a forest plot was performed to show the results
(OR=1.89, 95% CI=1.06–3.37, P=0.03; Figure 5). The pooled
result showed better performance on CR when FLT3 inhibitors were used in FLT3–ITD-positive AML patients compared
to FLT3–ITD-negative patients.
Then, we pooled the ORR from all 21 articles. There were
423 patients with FLT3–ITD mutation and 443 patients without this mutation. The heterogeneity (P=0.69, I2=0%) was not
statistically significant, and fixed-effect models were selected.
A forest plot was performed to show the results (OR=3.07,
95% CI=2.13–4.43, P<0.001; Figure 6). Our finding showed
that FLT3–ITD-positive AML patients were more sensitive
to FLT3 inhibitors, benefited more from FLT3 inhibitor treatment and therefore could get better ORR.

Part II: sensitivity and subgroup analysis
Studies about sorafenib, quizartinib, and midostaurin were
selected for subgroup analysis. In the sorafenib subgroup,
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Experimental
Control
OR
Study or subgroup
Events Total Events Total Weight M–H, Fixed, 95% CI
4.1.1 Sorafenib
0
9
1.6% 6.53 (0.24–177.39)
Crump et al (2010)15
1
18
3
6.0%
5
3
Inaba et al (2011)19
6
1.50 (0.14–16.54)
1
1.1% 4.33 (0.12–159.52)
1
20
Macdonald et al (2013)21 0
0
2
Not estimable
0
10
Pratz et al (2010)11
5.6%
5.54 (0.64–47.62)
Ravandi et al (2010)24
26
13
12
38
2.92 (0.58–14.73)
Ravandi et al (2014)23
32
19
17
43 11.4%
3.8% 1.59 (0.07– 37.44)
Röllig et al (2012)25
0
22
2
6
2.0% 4.38 (0.15– 125.29)
Zhang et al (2008)27
0
7
1
9
3.28 (1.29–8.37)
Subtotal (95% CI)
78
150 31.5%
36
62
Total events
Heterogeneity: c2=1.08, df=6 (P=0.98); I2=0%
Test for overall effect: Z=2.49 (P=0.01)
4.1.2 Quizartinib
1
7
1
7
Cooper et al (2016)13
92
1
0
41
Cortes et al (2012)30
14
17
0
1
Cortes et al (2013)
37
99
4
38
Levis et al (2012)29
1
215
123
Subtotal (95% CI)
3
6
Total events
Heterogeneity: c2=2.81, df=3 (P=0.42); I2=0%
Test for overall effect: Z=0.23 (P=0.82)
4.1.3 Midostaurin
5
1
Ramsingh et al (2014)22 1
24
8
Stone et al (2012)26
9
10
3
6
Walker et al (2016)28
20
Subtotal (95% CI)
35
Total events
12
Heterogeneity: c2=0.72, df=2 (P=0.70); I2=0%
Total for overall effect: Z=0.19 (P=0.85)
4.1.4 Sunitinib
Fiedler et al (2005)17
2
0
7
Fiedler et al (2015)16
14
Subtotal (95% CI)
16
Total events
7
Heterogeneity: Not applicable
Total for overall effect: Z=0.56 (P=0.57)
4.1.5 Lestaurtinib
2
Knapper et al (2006)20
0
2
Subtotal (95% CI)
Total events
0
Heterogeneity: Not applicable
Total for overall effect: Not applicable
4.1.6 Crenolanib
1
2
Iyer et al (2016)31
Subtotal (95% CI)
2
1
Total events
Heterogeneity: Not applicable
Total for overall effect: Z=0.60 (P=0.55)
4.1.7 Multiple types
Alvarado et al (2014)12
64
4
Subtotal (95% CI)
64
Total events
4
Heterogeneity: Not applicable
Total for overall effect: Z=0.13 (P=0.90)

0
3
3

0
0

1
1

0
0

4.7%
11.4%
1.6%
7.7%
25.4%

1.00 (0.05–19.96)
0.15 (0.01–3.66)
6.82 (0.26–176.29)
1.56 (0.17–14.40)
1.16 (0.33–4.07)

4
31
17
52

4.9%
6.6%
14.4%
26.0%

0.75 (0.03–17.51)
2.33 (0.25–21.98)
0.70 (0.11–4.54)
1.13 (0.32–3.93)

10
8
18

10.6%
10.6%

Not estimable
1.67 (0.28–9.82)
1.67 (0.28–9.82)

OR
M–H, Fixed, 95% CI

Not estimable
Not estimable

25
25

4
4

1.8%
1.8%

3.00 (0.08–107.45)
3.00 (0.08–107.45)

5
5

4.7%
4.7%

0.82 (0.04–17.26)
0.82 (0.04–17.26)

Total (95% CI)
397
377 100.0%
Total events
66
104
Heterogeneity: c2=7.32, df=16 (P=0.97);I2=0%
Total for overall effect: Z=2.17 (P=0.03)
Test for subgroup differences: c2= 2.94, df=5 (P=0.71); I2=0%

1.89 (1.06–3.37)
0.01

0.1
1
10
100
Favors control Favors FLT3 inhibitors

Figure 5 Forest plot for pooled OR of CR between FLT3–ITD-positive patients and FLT3–ITD-negative patients.
Abbreviations: OR, odds ratio; CR, complete remission; FLT3, FMS-like tyrosine kinase 3; ITD, internal tandem duplication; M–H, Mantel–Haenszel; CI, confidence interval.
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Experimental
Control
Study or subgroup
Events
Total Events Total Weight
4.2.1 Sorafenib
0.9%
Crump et al (2010)15
1
9
0
18
1.0%
6
5
5
4
Inaba et al (2011)19
0.2%
20
1
1
1
Macdonald et al (2013)21
0
0
2
Pratz et al (2010)11
10
24
Ravandi et al (2010)
1.6%
29
13
13
38
3.4%
18
19
36
Ravandi et al (2014)23
43
3.5%
5
22
1
Röllig et al (2012)25
6
1.1%
6
7
3
9
Zhang et al (2008)27
Subtotal (95% CI)
150 11.7%
78
49
Total events
74
Heterogeneity: c2=2.97, df=6 (P=0.81): I2=0%
Test for overall effect: Z=3.17 (P=0.001)
4.2.2 Quizartinib
Cooper et al (2016)13
Cortes et al (2012)30
Cortes et al (2013)14
Levis et al (2012)29
Subtotal (95% CI)
Total events

3
66
9
67

7
92
17
99
215

145

1
17
5
18

OR
M–H, Fixed, 95% CI
6.53 (0.24, 177.39)
6.11 (0.23, 162.73)
39.00 (1.06, 1435.65)
Not estimable
8.69 (0.47, 160.54)
3.50 (0.40, 30.66)
1.47 (0.14, 15.69)
12.00 (0.96, 150.69)
5.42 (1.91 , 15.41)

7
41
37
38
123

1.7%
19.4%
4.3%
24.5%
49.9%

4.50 (0.34, 60.15)
3.58 (1.66, 7.74)
7.20 (1.89, 27.49)
2.33 (1.08, 4.99)
3.31 (2.03, 5.40)

66
4
31
17
118

13.3%
1.9%
3.5%
7.6%
26.4%

3.26 (1.21, 8.79)
2.00 (0.11, 35.81)
2.33 (0.25, 21.98)
0.27 (0.03, 2.53)
2.18 (0 .99, 4.77)

10
8
18

0.7%
8.0%
8.7%

10.71 (0.40, 287.83)
0.60 (0.09, 4.17)
1.45 (0.34, 6.22)

41

OR
M–H, Fixed, 95% CI

Heterogeneity: c2=2.21, df=3 (P=0.53): I2=0%
Test for overall effect: Z=4.79 (P<0.00001)
4.2.3 Midostaurin
Fischer et al (2010)18
19
26
30
2
1
5
Ramsingh et al (2014)22
24
9
8
Stone et al (2012)26
4
Walker et al (2016)28
15
6
46
Subtotal (95% CI)
70
33
Total events
Heterogeneity: c2=3.99, df=3 (P=0.26): I2=25%
Test for overall effect: Z=1.95 (P=0.05)
4.2.4 Sunitinib
Fiedler et al (2005)17
2
2
3
Fiedler et al (2015)16
9
14
6
Subtotal (95% CI)
16
Total events
11
9
Heterogeneity: c2=2.22, df=1 (P=0.14): I2=55%
Test for overall effect: Z=0.50 (P=0.62)
4.2.5 Lestaurtinib
Knapper et al (2006)20
0
Subtotal (95% CI)
Total events
0
Heterogeneity: Not applicable
Test for overall effect: Not applicable

2
2

4.2.6 Crenolanib
Iyer et al (2016)31
2
2
Subtotal (95% CI)
2
Total events
2
Heterogeneity: Not applicable
Test for overall effect: Z=0.42 (P=0.68)
4.2.7 Multiple types
Alvarado et al (2014)12
13
64
Subtotal (95% CI)
64
Total events
13
Heterogeneity: Not applicable
Test for overall effect: Z=0.70 (P=0.48)

0

Not estimable
Not estimable

25
25

0

3

4
4

1.3%
1.3%

2.14 (0.06, 77.54)
2.14 (0.06, 77.54)

5
5

2.1%
2.1%

2.88 (0.15, 55.45)
2.88 (0.15, 55.45)

443 100.0%

3.07 (2.13, 4.43)

3

0
0

Total (95% CI)
423
Total events
197
253
Heterogeneity: 2=14.58, df=18 (P=0.69): I2=0%

Test for overall effect: Z=6.01 (P<0.00001)
Test for subgroup differences: c2=3.02, df=5 (P=0.70): I2=0%

0.01

0.1
Favors control

1

10
Favors experimental

100

Figure 6 Forest plot for pooled OR of ORR between FLT3–ITD-positive patients and FLT3–ITD-negative patients.
Abbreviations: OR, odds ratio; ORR, overall response rate; FLT3, FMS-like tyrosine kinase 3; ITD, internal tandem duplication; M–H, Mantel–Haenszel; CI, confidence
interval.
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eight relevant studies were pooled, showing better CR
(OR=3.28, 95% CI=1.29–8.37, P=0.01; heterogeneity
P=0.98, I2=0%) and ORR (OR=5.42, 95% CI=1.91–15.41,
P=0.001; heterogeneity P=0.81, I2=0%) in patients with
FLT3–ITD-positive AML. In the quizartinib subgroup, four
relevant studies were pooled, showing that patients with
FLT3–ITD-positive AML got better ORR (OR=3.31, 95%
CI=2.03–5.40, P<0.001; heterogeneity P=0.53, I2=0%).
Quizartinib did not seem to improve CR significantly
(OR=1.16, 95% CI=0.33–4.07, P=0.82; heterogeneity
P=0.42, I2=0%) in FLT3–ITD-positive AML patients. No
significant preference of CR (OR=1.13, 95% CI=0.32–3.93,
P=0.85; heterogeneity P=0.70, I2=0%) and ORR (OR=2.18,
95% CI=0.99–4.77, P=0.05; heterogeneity P=0.26, I2=25%)
in FLT3–ITD-positive AML was observed in the midostaurin subgroup (Figures 5 and 6). Subgroup analysis was
also carried out based on primary or relapsed AML. In the
primary AML subgroup, six relevant studies were pooled,
showing better CR (OR=2.90, 95% CI=1.17–7.18, P=0.02;
heterogeneity P=0.94, I2=0%) and ORR (OR=2.78, 95%
CI=1.06–7.32, P=0.04; heterogeneity P=0.28, I2=22%) in
FLT3–ITD-positive patients. In the relapsed AML subgroup,
15 studies were included and FLT3–ITD-positive patients had
better ORR (OR=3.13, 95% CI=2.11–4.65, P<0.001; heterogeneity P=0.74, I2=0%), whereas no significant preference
of CR (OR=1.34, 95% CI=0.63–2.88, P=0.45; heterogeneity P=0.93, I2=0%) was detected. In all, 14 studies with >20
participants included were selected for sensitivity analysis;
the results remained the same in either CR (OR=1.96, 95%
CI=1.03–3.72, P=0.04; heterogeneity P=0.84, I2=0%) or
ORR (OR=2.88, 95% CI=1.96–4.24, P<0.001; heterogeneity P=0.41, I2=4%).

Publication bias
Because only five studies were included in Part I, funnel
plots had low power and were not used in test for publication
bias. In Part II, we obtained symmetric funnel plots for the
synthesis of CR and ORR, indicating mild publication bias
(Figure S2A and B).

Discussion
AML is a hematologic malignancy characterized by multiple
cytogenetic and genetic abnormalities in the hematopoietic
stem or progenitor cells.5 As a common mutation, FLT3–ITD
was detected in 20%–30% of AML patients and reported to be
associated with worse prognosis.40 Patients with FLT3–ITD
mutations and a normal karyotype are considered in the poorrisk group according to the National Comprehensive Cancer
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Network (NCCN) guidelines. In the genetic risk classification
of the 2017 European LeukemiaNet (ELN) recommendation,
a high FLT3–ITD allelic ratio is thought to be associated
with a high relapse rate and poor OS. Patients with NPM1
mutation and FLT3–ITD with a low allelic ratio belong to
the favorable risk group, while AML patients with wild-type
NPM1 and FLT3–ITD with a high allelic ratio have a poor
prognosis and are placed in the adverse-risk group.41,42 FLT3
inhibitors have been applied to target mutant FLT3 and block
related pathways potentially involved in the development
and progression of malignancies.43 However, there is no
consensus on the use of FLT3 inhibitors, and most of these
compounds are “off-label” used in AML.
FLT3 inhibitors undergoing clinical evaluation were
divided into the first-generation agents (including sunitinib,
midostaurin, and lestaurtinib) with relative nonspecificity and
multiple targets and the second-generation agents (including
sorafenib, quizartinib, and crenolanib) with a higher selectivity against mutant FLT3.32 A host of first-generation FLT3
inhibitors were limited by their suboptimal propensity for
AML control in vivo or their off-target effects, frequently
producing a peripheral blast cell clearance and BM blast
cell persistence.10,44 In our study, no patient was found to
achieve ORR with lestaurtinib monotherapy and 41.7%
patients responded to sunitinib monotherapy with the best
outcome of PR.17,20 It was documented that midostaurin as
a single agent could reduce blast count in peripheral blood
in 70% patients, and the peripheral blood and BM BR was
shown in 53.3% patients with monotherapy in studies from
our analysis.18,45 For second-generation FLT3 inhibitors,
quizartinib monotherapy has been reported with composite
CR (CRc; including CR, CRi, and CRp) in 46–57% patients
with relapsed/refractory (R/R) AML.14,46,47 Crenolanib, as
a single agent, achieved the CRc up to 39% in this patient
population.48–50 The median OS for quizartinib and crenolanib
in initial clinical studies was reported up to 168 and 259 days,
and median EFS could achieve 74 and 56 days, respectively,
which is similar or better than conventional chemotherapy
with median OS of 198 days and 4-month EFS ranging
from 16.6% to 37.7%.50–52 Improvement on EFS and RFS
has also been seen from the use of sorafenib.36 In the studies
included in our analysis, >50% the patients using sorafenib
and quizartinib achieved ORR, and CR in two subgroups
was 43.0% and 2.66%, respectively, in FLT3–ITD-positive
and -negative patients. The reason of much higher CR in the
sorafenib subgroup might be that 75.9% (173/228) patients
in the sorafenib subgroup received combined therapy regimen, whereas 95.9% (324/338) patients used quizartinib as a
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single agent. These results demonstrate notable and promising clinical efficacy of second-generation FLT3 inhibitors.
Compared with conventional chemotherapy, addition of
FLT3 inhibitors seems to improve the OS of AML patients,
although no significantly improved EFS and ORR were
detected. When subgroup analysis was carried out on different FLT3 inhibitors, midostaurin was the only agent with
a significantly higher OS and EFS, based on the results of
CALGB 10603/RATIFY study.37 Midostaurin became the
first FLT3 inhibitor for the treatment of FLT3-mutant AML,
approved by the FDA on April 28, 2017 and the European
Medicines Agency (EMA) on July 20, 2017. The results of
the SORAML study36 showed that EFS and RFS were prolonged when sorafenib was added to standard chemotherapy
in patients aged 60 years or younger with newly diagnosed
AML, suggesting that sorafenib might have the potential
to reduce relapses and increase the time in CR. However,
another sorafenib study by Serve et al33 reported different
results, which might be attributed to older age (>60 years)
of the participants. Considering that FLT3–ITD-positive
patients might be more sensitive to these agents, the benefit
of sorafenib on AML might be underestimated in these two
studies, because both FLT3-mutated and FLT3–WT patients
were included and FLT3–ITD-positive patients were a small
part of all participants. No improved ORR was found in the
pooled data or in each subgroup. It was documented that
~50–80% primary AML patients and 18–60% R/R AML
patients could respond to conventional chemotherapy.53 The
pooled ORR of combined use of sorafenib, lestaurtinib, and
midostaurin in our analysis was 58.9%, 74.3%, and 58.9%,
respectively, which might be influenced by the AML status of
participants, and these results were consistent with the data of
previous conventional chemotherapy. From the results of our
analysis, FLT3 inhibitors seem to improve the OS of AML.
FLT3–ITD-positive patients might be more sensitive to
FLT3 inhibitors with a higher CR and ORR compared to
patients with other mutations or wild type when FLT3 inhibitors were used as combined therapy or monotherapy. This
result could be explained by the block of FLT3–ITD-related
oncogenic targets and signaling, leading to the suppression
of leukemia blast cells.10 It has been documented that with
conventional chemotherapy regimens, FLT3–ITD leads to
a decreased disease-free survival (DFS) and OS, although
the CR is comparable to that achieved in those with FLT3–
WT.24,43 To clarify the potential long-term benefit of FLT3
inhibitors between FLT3–ITD-positive and -negative patients,
the end points OS and DFS were reviewed and summarized
from seven included studies (including three on midostaurin,

Cancer Management and Research 2018:10

Use of FLT3 inhibitors in AML remission induction or salvage therapy

three on quizartinib and one on sorafenib) where survival
data on different gene types could be extracted.14,18,22,23,26,29,30
However, the quantitative analysis is inappropriate due
to their various survival data forms. A Phase IIB trial of
midostaurin18 showed similar results to conventional chemotherapy, where the mutant population was with a median
OS of 100 days (95% CI=76–121 days), shorter than that in
wild-type population of 159 days (95% CI=130–209 days),
and it was the only study that provided statistical difference. A Phase II sorafenib clinical trial23 showed that the
median OS and DFS for patients with FLT3–ITD was 15.5
and 9.9 months, respectively, shorter than for those without
FLT3–ITD. Additional two studies on midostaurin reported
the similar result that DFS and OS probabilities in patients
with mutation were similar to those with FLT3–WT disease.22,26 Inconsistent results that whether FLT3–ITD-positive
or -negative patients would have better OS and DFS were
shown in quizartinib.14,29,30 For crenolanib, Cortes et al48 and
Randhawa et al49 reported that the OS in mutant patients
was longer than that in patients with negative FLT3–ITD,
which might be due to the possible increased likelihood of
patients able to undergo an allogeneic HCT.36 In contrast to
previous chemotherapy reporting significantly worse survival
for patients with FLT3–ITD, use of FLT3 inhibitors seems
to improve their long-term outcome, although there is no
definitive evidence showing that their survival can be equal
to or even better than those with negative FLT3–ITD.
Although our results showed that FLT3 inhibitors offered
favorable outcomes in FLT3–ITD-positive patients, we cannot conclude that patients with negative FLT3–ITD would not
benefit from the use of these compounds. Many initial clinical
trials of FLT3 inhibitors were carried out in a mixed population, including FLT3–ITD, FLT3–TKD, and FLT3–WT
patients, which allowed the investigators to get safety data
and establish whether there existed some signaling pathway
to justify the use of FLT3 inhibitors in non-FLT3-mutated
patients. In some studies, FLT3–WT AML patients were
reported to benefit from the use of these drugs and achieve
clinical response when FLT3 inhibitors were used as monotherapy.2,18,29 Most FLT3 inhibitors are multi-kinase inhibitors
functionally and have different targets. Although FLT3 has
been shown to be a key mediator of leukemic cell growth
and survival, a great number of related and parallel signal
transduction pathways contribute to leukemic progression,
many of which are likely attenuated by FLT3 inhibitors.44
However, the relative nonspecificity may also contribute to
the adverse effects associated with these drugs, which may
limit their clinical utility.
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Besides the FLT3 status, several other factors might
impact the outcome of AML patients with FLT3 inhibitor
treatment. Combined use of FLT3 inhibitors with chemotherapy might improve the clinical outcome, which is also
seen in the sorafenib subgroup. From five studies11,15,19,25,27
focusing sorafenib on R/R AML, the ORR was 18.2% and
38.5% in monotherapy and combined therapy, respectively.
All the completed large-size RCTs33–37 added FLT3 inhibitors
to conventional chemotherapy, and combined use of sorafenib
with chemotherapy in patients with R/R AML disease was
recommended from the NCCN guidelines. Both the pharmacological action and the better physical status in those who
can tolerate chemotherapy might contribute to this fact. It
has been reported that FLT3 inhibitors are less effective in
the relapsed patients compared with the newly diagnosed
patients, which is also seen in our analysis.53,54 In Part I, both
lestaurtinib studies focused on the addition of lestaurtinib in
FLT3-mutant AML patients. The ORR was higher in primary
AML than that in relapsed AML (92.3% vs 23.8% in the
lestaurtinib group; 94.0% vs 18.9% in the control group).
In Part II, six out of 21 studies included only primary AML,
and patients from these six studies had higher CR (58.3% vs
7.26%) and ORR (65.0% vs 47.4%). The dramatic increase
in the FLT3 ligand level after chemotherapy represents a possible obstacle to inhibiting FLT3.54 Prior therapies might be
a key predictor for R/R AML. Ohanian et al50 reported that
using crenolanib as a single agent, a much longer median OS
was observed in patients with ≤2 prior therapies (259 days)
than in those with ≥3 prior therapies (53 days). Randhawa
et al49 also found that patients without prior FLT3 inhibitor
therapy had better CRi, OS, and EFS. Current studies seem to
suggest that old patients, especially those older than 60 years,
may have worse prognosis. Two RCTs33,36 reported the opposite conclusion with sorafenib, saying that patients ≤60 years
benefitted from the use of sorafenib with improved EFS
and RFS. For R/R AML using crenolanib as a single agent,
patients <60 years had a higher OS than those ≥60 years
(234 vs 185 days).48 It has been documented that AML in
the elderly is genetically heterogeneous and often follows
an MDS. However, Perl et al55 reported that patients aged
70 years with chemotherapy-resistant AML also preserved
high response rates and promising survival to quizartinib.
FLT3 inhibitor therapy is associated with an incidence
of several adverse effects in clinical trials. Although various
drug-related events have been detected, including gastrointestinal symptoms, cardiac toxicity, infections, fatigue, peripheral
edema, mucositis, depression, neuropathy, arthralgia, and
skin toxicity,15,21 FLT3 inhibitors were generally safe and
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well tolerated in these Phase I or II clinical trials.17,18,20,23,26
The most frequent treatment-related events were grades 1 and
2, which were manageable through treatment interruptions,
dose reductions, and medical intervention.14 Nevertheless,
compared with placebo, FLT3 inhibitors might increase the
incidence of adverse effects when they were combined with
conventional chemotherapy. Two RCTs showed that the addition of sorafenib might lead to more premature termination
of study treatment and less consolidation chemotherapy.33,36
Similar results were seen in lestaurtinib; the AML15 study
showed that there were moderate increases in nausea and diarrhea with the addition of lestaurtinib treatment.34 Levis et al35
reported that 24% of patients receiving combined lestaurtinib
therapy discontinued their planned therapy before completion
because of adverse events. While for midostaurin, Stone et al37
found that there was no significant difference on grades 3 or
4 therapy-related adverse effects compared with placebo.
Therefore, high attention should be paid to the treatmentrelated events when FLT3 inhibitors are used in AML.
Several limitations in our analysis should be mentioned.
First, only five studies with three types of FLT3 inhibitors
were included in Part I. Although the heterogeneity is acceptable, the agent types, age of participants, either monotherapy
or combined therapy and AML status including no prior
treatment or relapse are not the same between the studies.
Therefore, clinical decisions should be made by taking into
account multiple factors. Second, the definition of EFS is
similar in the studies of Stone et al37 and Röllig et al36 as
primary treatment failure or relapse or death. However, we
could not find the exact definition of EFS from the study
of Serve et al.33 This may bring potential bias to our study.
Third, due to limited patients included and various responses
to different FLT3 inhibitor therapies, results of these studies were inconclusive, leading to relatively large CIs of our
pooled analysis. More high-quality studies are needed to
validate our conclusions. Finally, we pooled ORR including
CR, CRi, and CRp in Part I, and pooled ORR also included
PR in Part II. This difference makes it inappropriate to make
direct comparison between the data in Part I and those in
Part II. Most of the 21 studies in Part II lacked long-term
survival data such as OS, EFS, and RFS, and therefore, it is
inappropriate to pool them together.

Conclusion
In this meta-analysis, we showed that addition of FLT3
inhibitors to conventional chemotherapy seems to improve
the OS of AML patients. FLT3–ITD-positive patients might
be more sensitive to FLT3 inhibitors with a higher CR and
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ORR. FLT3 inhibitors could still give hope to patients who
are not candidates for conventional chemotherapy. Based on
these findings, we recommend the initiation of more studies
to confirm the value of FLT3 inhibitors in AML therapy.
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Figure S1 Risk of bias graph for five RCTs in Part I.
Abbreviation: RCT, randomized controlled trial.
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Table S1 Assessment of methodological quality of cohort studies
Study
(reference)

Selection

Comparability Outcome

Representa- Selection of Ascertainment Outcome of
tiveness
nonexposed of exposure
interest not
of exposed cohort
present at
cohort
start

*
Alvarado et al6
Cooper et al7
Cortes et al8
Cortes et al9
Crump et al10
*
Fiedler et al11
Fiedler et al12
Fischer et al13*
Inaba et al14
Knapper et al24
Levis et al23
Macdonald et al15
Pratz et al16
Ramsingh et al17
Ravandi et al18
Ravandi et al19
Stone et al25
Walker et al20
Röllig et al3
*
Iyer et al21
Zhang et al22

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*

*

*
*
*
*

Score

Assessment Follow- Followof outcome up
up
length adequacy
*
**
*
**
*
**
**
**
**
**
*
**
*
**
**
**
**
**
**
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

*
*
*
*
*
*
*
*
*
*
*
*
*

*
*

6
6
6
7
7
7
7
7
7
8
6
7
6
6
8
8
8
7
7
6
5

Note: NOS: study can have one point (*) for meeting each criterion, except that comparability can have a maximum of two points (**).
Abbreviation: NOS, Newcastle-Ottawa Quality Assessment Scale.
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