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Abstract

Background: C-KIT mutation and extramedullary infiltration highly occur in AML1-ETO-positive acute myeloid leukemia

(AE-AML). Whether they having the same clinical significance in pediatric and adult patients remains unsure. Procedure:

Totally 75 pediatric and 98 adult patients with newly diagnosed AE-AML from 5 centers were included and analyzed. Results:

The incidence of extramedullary leukemia (EML) (13.3% vs. 29.6%, P=0.008) and c-KIT mutations (12/68, 17.6% vs. 30/74,

40.5%, P=0.003) in pediatric patients were less than half compared to adult counterpart. The disease outcome including

complete response (CR), disease-free survival (DFS) and overall survival (OS) was comparable between the two patient groups,

when induction/consolidation regimens were taken into consideration. Based on multivariate analysis, EML was associated with

a higher relapse and worse survival, and patients carrying c-KIT mutations showed a trend toward a worse prognosis. Grouping

by age, the adverse effect of EML and c-KIT mutations on prognosis was only seen in adults but not children and was not

affected by consolidation regimens. Conclusions: The occurrence of EML and c-KIT mutations was much less in pediatric than

adult AE-AML. Both EML and c-KIT mutations adversely impacted the disease outcome in adult but not pediatric patients,

suggesting the behavior of AML1-ETO fusion protein might be age-dependent.

Abbreviations

AE-AML, AML1-ETO-positive acute myeloid leukemia; EML, extramedullary leukemia; CNSL, central cen-
tral nervous system leukemia; SDAC, standard dose Ara-C; MDAC, median dose Ara-C; CR, complete
response; OS, overall survival; DFS, disease free survival; WBC, white blood cell count; HR, hazard ratio;
CI, confidence interval; ACAs, additional chromosomal abnormalities; CIR, cumulative incidence of relapse;
WT, wild type; APP, amyloid precursor protein.

Introduction

The AML1-ETO (RUNX1-RUNX1T1; AE) fusion protein generated from translocation at chromosome 8
and 21 represents one of the most common cytogenetic abnormalities in acute myeloid leukemia (AML),
accounting for 5˜10% of all cases [1-2]. Although the AML1-ETO-positive AML (AE-AML) is considered a
subtype with favorable prognosis, studies have shown that the AE-AML is highly heterogenous, shown as
up to 6-31% of AE-AML patients carrying a c-KIT mutation and 15-26.7% presenting with extramedullary
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leukemia (EML) [1, 3-4], also the long term survival ranging from 28 to 70% [4-6]. While most research
report both c-KIT mutations and EML are associated with higher risk of relapse and worse survival in
AE-AML [3-4, 7], some studies, especially in children, show neither seems to impact the disease outcome
[8-9], which in turn further supports the heterogeneity of this subtype leukemia. Taking together, it suggests
AML1-ETO fusion protein might behave heterogenously in different subgroups, might be age-dependent.
However, the different clinical significance of c-KIT mutation and EML between pediatric and adult patients
with AE-AML remains unsure. Further study is needed to reveal the different phenotype of AE-AML in
pediatric and adult patients, which is good for better understanding of the heterogeneity of AML1-ETO
fusion protein.

In this multi-center retrospective study, we analyzed the demographic features of pediatric vs. adult patients
in AE-AML, and demonstrated the different phenotype of c-KIT mutation and EML with age-dependence.

Patients and methods

Patient characteristics

A total of 173 newly diagnosed AE-AML patients from Nanfang Hospital, Southern Medical University, Sun
Yat-sen Memorial Hospital Sun Yat-sen University, Zhujiang Hospital, Southern Medical University, The
First Affiliated Hospital of Guangzhou Medical University and Guangzhou Women and Children’s Medical
Center in Guangzhou, China from January 2006 to December 2017 were retrospectively reviewed. Seventy
five were children ([?]14-year old) and 98 were adults (>14 years old). Patients’ clinical features were shown
in Table 1. All tissue samples and clinical data were obtained upon the approval of Medicine Institutional
Review Boards of related centers. Written informed consent was obtained from all patients and/or guardians.

Diagnosis and classification

The morphology of bone marrow and peripheral blood was reviewed following Wright-Giemsa staining and
classified according to the French-American-British (FAB) classification. Immunophenotype was analyzed
by flow cytometry. The cytogenetics was established by chromosome banding combined with fluorescence
in situ hybridization (FISH) [7]. The diagnosis of AE-AML was made based on WHO 2016 classification
[10]. EML included extramedullary infiltration (EMI) and central central nervous system leukemia (CNSL),
which was defined according to the previous report by Støve HK et al [11].

Gene mutation analysis.

Gene sequencing of Fms related tyrosine kinase 3 (FLT3)- internal tandem duplication (ITD) , FLT3-
tyrosine kinase domain (TKD), c-KIT (exons 8 and 17) and NPM1 was performed by polymerase chain
reaction (PCR) and direct Sanger sequencing according to our previous study [7,12].

Therapy

Anthracyclines, including daunorubicin (DNR), idarubicin (IDA), mitoxantrone (Mito), pirarubicin (THP)
or homoharringtonine (HHT), combined with cytarabine (Ara-C), FLAG (fludarabine, cytarabine, granu-
locyte colony stimulating factor) combined with idarubicin and DAE (DA combined with etoposide) were
main induction therapies. Consolidation regimens included standard dose Ara-C (SDAC)-based and median
dose Ara-C (MDAC)-based regimens, as previously reported [4, 7]. ICE (idarubicin, cytarabine, etoposide),
CAG (aclarubicin, cytarabine, granulocyte-colony stimulating factor), FLAG and CLARA (cladribine and
cytarabine) were used as salvage therapies. Allo-transplant was mainly performed in patients carrying c-KIT
mutations and in those who had not achieved complete response (CR) after two cycles of induction therapies.

Survival and statistical analysis

The overall survival (OS) was calculated from the day of diagnosis to the day of death or the last follow-up,
and the disease free survival (DFS) from the day of diagnosis to the day of relapse or the last follow-up. CR
was defined as bone marrow blasts less than 5% irrespective of peripheral blood cell recovery.
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Statistical analyses were performed using SPSS 20.0. Not normally distributed data were described by the
median. A comparison of distribution between two groups of data was performed by a Mann-Whitney non-
parametric U test, and correlations between two variables were performed by Spearman rank correlation
analysis. The Kaplan-Meier method was used to estimate median survival and survival probabilities, and
associations with covariates were tested by the log-rank test. Multivariate analysis was performed to iden-
tify independent prognostic factors adopting Cox regression model. P<0.05 was considered to indicate a
statistically significant difference.

Results

Clinical characteristics

AML-M2 was the most common phenotype, which occurred in 82.7% (62/75) of children and 92.9% (91/98)
of adults (P=0.005). Thirty nine patients (22.5%) presented with various forms of EML, including central
nervous system leukemia (CNSL) (n=12), sarcoma within or beside the spine (n=17), and others (n=10).
Compared to adult group, the pediatric cohort had a much lower incidence of EML (children 10/75, 13.3%
vs. adults 29/98, 29.6%, P=0.011). Of the 39 patients with EML, there were 1 child (1/10, 10.0%) vs. 14
adults (14/29, 48.3%, P=0.032) presenting with sarcoma within or beside the spine (Table 2). C-KIT muta-
tions were also less frequently observed in children (12/68, 17.6%) than in adults (30/74, 40.5%, P=0.003).
Otherwise, there were no statistical differences with regards to gender, peripheral white blood cell count
(WBC), immunphenotype of CD34, CD13, CD33, CD117, HLA-DR, CD19 and CD56 positive expression,
cytogenetic abnormality, and gene mutations including FLT3-ITD and NPM1 between the two age groups
(Table 1).

Treatment regimens and treatment response

One hundred and seventy out of 173 patients, including 75 children and 95 adults, received one to two cycles
of induction therapies: 103 on anthracyclines combined with cytarabine (AA), 54 on either FLAG+IDA or
DAE, and 13 on other regimens. Detail was documented in table 1. AA was the main induction regimen
in adults, while intensive regimen FLAG+IDA or DAE was mainly used in children (adults vs. children:
AA, 89/95, 93.7% vs. 14/75, 18.7%; FLAG+IDA/DAE, 0 vs. 54/75,72.0%, P<0.001). After two cycles of
induction therapies, cumulatively 155/170 (91.1%) patients achieved CR. CR was much higher in children
(children 73/75, 97.3% vs. adults 82/95, 86.3%, P=0.012). For those who received AA regimen, there was no
statistical difference in CR rate between the two age groups (children 13/14, 92.9% vs. adults 78/89, 87.6%,
P=0.572).

Univariate analysis revealed that age (hazard ratio [HR] 5.787, 95% confidence interval [CI] 1.263-26.504,
P=0.024) and FLT3-ITD mutation (HR 6.100, 95% CI 1.323-28.129, P=0.020), but not gender, EML, peri-
pheral WBC count, immunphenotype, additional chromosomal abnormalities (ACAs) or c-KIT mutations,
were the adverse factors for CR. Multivariate analysis showed that the FLT3-ITD mutation (HR 23.240,
95% CI 1.202-449.293, P=0.037) was the only independent poor prognostic factor. However, when induction
therapies were taken into account, none of the above were identified as unfavorable per multivariate analysis
(P>0.05).

Cumulatively, a total of 160 out of 170(94.1%) patients achieved CR. The CR in children occurred in
74/75(98.7%) patients and that in adults was much lower in 86/95(90.5%) patients (P=0.025). All CR
patients then received a median of 4 (1-11) cycles of consolidation therapies. Pediatric patients were mainly
treated with MDAC-based regimen (55/74, 74.3%), while SDAC-based (47/86, 54.7%) and MDAC-based
regimens (39/86, 45.3%) were given to adult patients (P<0.001). Patients who required salvage therapy or
allo-transplant were comparable between the two age groups (Table 1).

With a median follow-up of 20 (2-96) months, 112 out of 170 patients survived and 58 died: 40 from disease
relapse, 10 from lack of response, and 8 due to treatment-related mortality. Of the 160 patients who achieved
CR, 55 relapsed. For the entire study cohort, the cumulative incidence of relapse (CIR) was 28.3%±3.9%,
the DFS 65.4%±3.9% and OS 69.9%±3.8%. The 2-year CIR, DFS and OS were 32.8%±4.1%, 60.5%±4.1%

3



P
os

te
d

on
A

u
th

or
ea

8
O

ct
20

20
—

T
h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
60

21
82

63
.3

15
72

78
4/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

and 65.5%±4.1%, respectively.

Relapse

The CIR in pediatric patients was significantly lower than that in adult patients (21.8%±5.4% vs.
34.1%±5.5%, P=0.037, figure 1A1). The difference in CIR was also seen at 2 year interim (30.8%±6.4%
in children vs. 43.1%±6.1% in adults, P=0.046, supplemental figure 1A). Consistent with previous report
[13], MDAC-based consolidation greatly lowered disease relapse compared to SDAC-based regimen (P<0.001,
supplemental figure 2). To investigate the impact of age on CIR, we analyzed the CIR in patients receiving
MDAC- vs. SDAC-based regimens respectively. When consolidation regimens were taken into considerati-
on, there was no statistical difference in CIR between the two age cohorts (MDAC-based regimen: children
11.9%±5.0% vs. adults 16.3%±6.7%, P=0.467; SDAC-based regimen: children 45.8%±12.0%, P=0.517 vs.
adults 47.5%±7.6%, figure 1A2 and A3).

Multivariate analysis indicated that both EML (with vs. without, HR 2.20, 95% CI 1.11-4.35, P=0.024)
and consolidation regimens (MDAC-based vs. SDAC-based, HR 0.20, 95% CI 0.10-0.39, P<0.001) were
independent risk factors for disease relapse. Patients harboring c-KIT mutations (mutant vs. wild type [WT],
HR 1.80, 95% CI 0.92-3.50, P=0.088) also showed a trend toward higher risk of recurrence, although this
was not statistically significant. Other variables, including gender (male vs. female), age ([?]14 vs. ¡14 years),
WBC count at the time of diagnosis ([?]20x109/L vs. ¡20x109/L), immunphenotype including CD34, CD33,
CD13, CD117, HLA-DR, CD19 and CD56 (positive vs. negative), additional chromosome abnormalities
(with vs. without) and FLT3-ITD status (mutant vs. WT) did not affect disease recurrence. Detail was
shown in table 3.

To examine whether EML and c-KIT mutations behaved similarly on relapse in terms of patients’ age, we
performed subgroup analysis which confirmed EML as the risk factor for relapse only in adult patients (with
54.6%+-10.8% vs. without 26.0%+-6.1%, P=0.002, figure 2A2), but not in pediatric patients (with 38.3%+-
18.0% vs. without 19.3%+-5.5%, P=0.082, figure 2A3). Similarly, c-KIT mutations were associated with
higher risk of relapse only in adults (adults, mutant 52.4%+-10.2% vs. WT 22.8%+-7.3%, P=0.005, figure
3A2; children, mutant 20.0%+-17.9% vs. WT 23.6%+-6.3%, P=0.372, figure 3A3). The adverse effects of
EML and c-KIT mutations on disease recurrence in adults were not improved by choice of consolidation
regimens (supplemental figure 3 and 4).

Disease free survival

The DFS was significantly higher in pediatric group than in adult group (children 74.3%+-5.6% vs. adults
58.2%+-5.4%, P=0.021, figure 1B1). The DFS benefit in children was also seen at 2 year interim (children
66.9%+-6.1% vs. adults 55.3%+-5.5%, P=0.014, supplemental figure 1B). However, when consolidation
regimens were taken into consideration, the DFS was comparable between the two age groups (MDAC-
based regimen: children 86.2%+-5.3%, P=0.959 vs. adults 83.7%+-6.7%, figure 1B2; SDAC-based regimen:
children 50.3%+-11.8% vs. adults 50.0%+-7.7%, P=0.581, figure 1B3).

Based on multivariate analysis, both EML (with vs. without, HR 1.88, 95% CI 0.97-3.64, P=0.048) and con-
solidation regimens (MDAC-based vs. SDAC-based, HR 0.22,95% CI 0.12-0.42, P¡0.001) were independent
risk factors for DFS. Being positive in c-KIT mutations (mutant vs.WT, HR 1.80, 95% CI 0.95-3.40, P=0.095)
was also associated with a trend toward lower DFS. Variables, including gender (male vs. female), age ([?]14
vs. ¡14 years), WBC count at the time of diagnosis ([?]20x109/L vs. ¡20x109/L), immunphenotype including
CD34, CD33, CD13, CD117, HLA-DR, CD19 and CD56 (positive vs. negative), additional chromosome
abnormalities (with vs. without) and FLT3-ITD status (mutant vs. WT) did not affect DFS. Detail was
shown in table 3.

Multivariate analysis revealed that the adverse effects of EML and c-KIT mutations on DFS were only seen in
adults (EML: with 38.7%+-9.7% vs. without 66.6%+-6.2%, P=0.003, figure 2B2; c-KIT mutations: mutant
44.5%+-9.7% vs. WT 68.5%+-7.8%, P=0.015, figure 3B2), but not in children (EML: with 61.7%+-18.0%
vs. without 76.2%+-5.8%, P=0.205, figure B3; c-KIT mutations: mutant 68.6%+-18.6% vs. WT 73.3%+-
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6.4%, P=0.602, figure 3B3). The inferior outcome in adult cohort with EML and c-KIT mutations was not
improved by consolidation treatment (supplemental figure 5 and 6).

Overall survival

Pediatric patients enjoyed better OS than adults (adults 59.5%+-5.4% vs. children 83.2%+-4.9%, P=0.001,
figure 1C1). The survival benefit in children was also observed at 2 year interim (adults 56.5%+-5.5% vs.
children 77.0%+-5.7%, P=0.005, supplemental figure 1C). There was no difference in OS between the two
groups when consolidation regimens were taken into consideration (MDAC-based regimen: children 88.2%+-
5.5% vs. adults 84.0%+-7.3%, P=0.575, figure 1C2; SDAC-based regimen: children 60.0%+-12.6% vs. adults
45.0%+-7.9%, P=0.277, figure 1C3).

By multivariate analysis, both EML (with vs. without, HR 2.14, 95% CI 1.13-4.06, P=0.020) and consolida-
tion regimens (MDAC-based vs. SDAC-based, HR 0.18, 95% CI 0.09-0.36, P<0.001) were independent risk
factors for OS. C-KIT mutations (mutant vs.WT, HR 1.80, 95% CI 0.96-3.35, P=0.065) tended to be a poor
factor for OS. Variables, including gender (male vs. female), age ([?]14 vs. ¡14 years), WBC count at the
time of diagnosis ([?]20x109/L vs. <20x109/L), immunphenotype including CD34, CD33, CD13, CD117,
HLA-DR, CD19 and CD56 (positive vs. negative), additional chromosome abnormalities (with vs. without)
and FLT3-ITD status (mutant vs. WT) did not affect the OS. Detail was shown in table 3.

Subgroup analysis revealed that adverse effects of EML (adults: with 38.7%+-9.7% vs. without 68.4%+-
6.1%, P=0.001, figure 2C2; children: with 68.6%+-18.6% vs. without 85.0%+-4.9%, P=0.579, figure 2C3)
and c-KIT mutations (adults: mutant 44.5%+-9.7% vs. WT 68.5%+-7.8%, P=0.021, figure 3C2; children:
mutant 85.7%+-13.2% vs. WT 82.5%+-5.7%, P=0.537, figure 3C3) on OS were only observed in adult
patients. The negative impact of EML and c-KIT mutations on OS was irrespective of consolidation therapies
(supplemental figure 7 and 8).

Discussion

We retrospectively analyzed the clinical features of pediatric vs. adult patients with AE-AML. Our study
revealed that both EML and c-KIT mutations were more frequently seen in adult AE-AML. Accordingly,
this group of patients carried a higher risk of relapse, and had a lower rate of DFS and OS compared to the
pediatric counterparts.

In line with other’s study [13], the AML-M2 was the dominant clinical subtype occurring in 88.2% of
patients in our cohort. It was even higher in up to 92.9% of adult patients. Apart from AML-M2 phenotypic
dominance, high incidence of EML and c-KIT mutations were other two features in AE-AML [1,3-4]. In our
study, 22.5%(39/173) patients presented with EML and 29.6%(42/142) carried a c-KIT mutation. Subgroup
analysis demonstrated that the occurrence of EML (29.6% vs. 13.3%, P=0.008) and c-KIT mutations (40.5%
vs. 17.6%, P=0.003) were at least doubled in adult group compared to pediatric cohort.

According to previous studies, both c-KIT mutations [7,11] and EML [7,14-15] were associated with an
increased expression of amyloid precursor protein (APP), which adversely impacted the disease outcome in
AE-AML. APP is a type I integral membrane protein abundant in neurons [16]. It was reported to be over-
expressed in solid tumors, including oral squamous cell carcinoma, pancreatic adenocarcinoma and prostate
cancer, promoting cell proliferation and metastasis therefore adversely affecting the prognosis [17-19]. The
APP gene is located on 21q21.3. The app mRNA was over-expressed in AML with abnormal chromosomal
21 [20], i.e. t (8;21) AML [21], as compared with other AML subtypes. Jiang et al reported the role of
APP in cell migration through the APP/phosphorylated extracellular-signal-regulated kinase (p-ERK)/c-
Myc/matrix metalloproteinase (MMP)-2 pathway and its involvement in the pathogenesis of EML [14-15].
Consistent with other studies [22-23], the majority of EML in our study presented with CNS infiltration in
the form of either sarcoma within or beside the spine (15/39, 38.5%) or CNSL (15/39, 38.5%). The CNS
infiltration of EML, in particular the sarcoma within or beside the spine, occurred at a much higher rate
in adults than that in children (adults 14/29, 48.3% vs. children 1/10, 10.0%, P=0.032). In addition, in
AE-AML the overepression of APP was associated with both a higher incidence of c-KIT mutations and a
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higher level of c-kit expression [7,11]. The critical step of APP proteolysis in Alzheimer’s disease [16] which
is mainly an elders’ illness, and the overexpression of APP in certain solid tumors which also mainly affect
the elders made us speculate that the expression of APP might increase with aging. Hence the variance
in EML and c-KIT mutations between the two age groups might reflect the underlying difference in APP
expression. Furthermore, the present study, further supporting this hypothesis, from the clinical point of
view, showed that EML and c-KIT mutation negatively impacted on relapse, DFS and OS, and the poor
impact was only found in adult but not pediatric patients by subgroup analysis, which was in agreement
with the adverse prognostic effect of APP in AE-AML [7,14-15].

EML has an adverse prognostic effect in adult patients with AE-AML [7,14-15, 24-25]. However, its prog-
nostic effect seems not so important in pediatric AE-AML [9,26], though it might a poor prognostic factor
in pediatric patients with AML in the whole cohort [11,27]. In the present study, EML was associated with
a higher risk of relapse (HR 2.20, 95% CI 1.11-4.35, P=0.024), and worse DFS (HR 1.88, 95% CI 0.97-3.64,
P=0.048) and OS (HR 2.14, 95% CI 1.13-4.06, P=0.020). However, the negative effects of EML on relapse
and survival were only seen in adult patients (P<0.05) but not in children (P>0.05). Our results further sup-
ported that EML had negative prognostic effect only in adult but not pediatric AE-AML. The consolidation
regimens did not improve the poor outcome in adults presenting with EML.

Mutations in c-kit are one of most common genetic abnormalities, especially in AE-AML. While most studies
showed the presence of c-KIT mutations adversely impacted the survival in AE-AML [1-3,28], some research
also reported that it did not influence the outcome especially in pediatric patients [29-30]. In our study, the
presence of c-KIT mutations did not affect the whole cohort in terms of relapse (HR 1.80, 95% CI 0.92-3.50,
P=0.088), DFS (HR 1.80, 95% CI 0.95-3.40, P=0.095) and OS (HR 1.80, 95% CI 0.96-3.35, P=0.065). It
was, however, an unfavorable factor for relapse and survival in adults (P<0.05), and the treatment regimens
were not able to improve the prognosis in this group of patients. Taken together, EML and c-KIT mutations
adversely affected the disease outcome only in adult but not pediatric AE-AML.

When compared to SDAC-based regimens, median or high dose cytarabine-based regimens have improved
the survival and lowered the relapse of AE-AML [12,31], and are the consolidation treatment recommended
by guidelines [32-34]. Our data further supported the strength of MDAC-based regimen as the consolidation
therapy irrespective of patients’ age, with the only exception of those with either EML or c-KIT mutations.
The high CR in pediatric patients was mainly due to intensive induction regimens, and the CR rates be-
tween the two age groups became comparable when patients were given similar induction regimens. Our
study suggested that the patients with AE-AML could benefit from intensive induction and consolidation
regimens, but such benefit was not seen in high-risk patients. Allogenic stem cell transplantation should be
recommended to adult patients with EML and c-KIT mutations [35].

Conclusion

AML-M2 was the dominant morphology in AE-AML. The incidence of EML and c-KIT mutations were
much higher in adult patients and adversely affected the disease outcome in this group of patients, suggesting
AML1-ETO fusion gene might behave differently in adults and children. While the intensive induction and
consolidation therapy were considered to benefit patients of AE-AML regardless of age, their use have not
improved the prognosis of adult patients either presenting with EML or harboring a c-KIT mutation. Studies
are required in the future to explore the underlying pathogenesis of EML and c-KIT mutation in pediatric
and adult AE-AML.
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Figure 1. CIR, DFS and OS in the pediatric and adult patients.(1) CIR: children vs. adults:
21.8%+-5.4% vs. 34.1%+-5.5%, P=0.037 (A1); MDAC-based regimen: children 11.9%+-5.0% vs. adults
16.3%+-6.7%, P=0.467 (A2); SDAC-based regimen: children 45.8%+-12.0% vs. adults 47.5%+-7.6%,
P=0.517 (A3). (2) DFS: children vs. adults: 74.3%+-5.6% vs. 58.2%+-5.4%, P=0.021 (B1); MDAC-
based regimen: children 86.2%+-5.3% vs. adults 83.7%+-6.7%, P=0.959 (B2); SDAC-based regimen: chil-
dren 50.3%+-11.8% vs. adults 50.0%+-7.7%, P=0.581 (B3). (3) OS: children vs. adults: 83.2%+-4.9%
vs. 59.5%+-5.4%, P=0.001 (C1); MDAC-based regimen: children 9.1%+-4.7% vs. adults 87.0%+-6.1%,
P=0.701 (C2); SDAC-based regimen: children 63.4%+-12.0% vs. adults 50.0%+-7.7%, P=0.157 (C3).

Supplemental figure 1. CIR, DFS and OS in pediatric and adult patients at two year interim.
(1) 2-year CIR: children 30.8%+-6.4% vs. adults 43.1%+-6.1%, P=0.046 (A); (2) 2-year DFS: children
66.9%+-6.1% vs. adults 55.3%+-5.5%, P=0.014 (B); (3) 2-year OS: children 77.0%+-5.7% vs. adults
56.5%+-5.5%, P=0.005 (C).

Supplemental figure 2. The effect of consolidation regimens on CIR, DFS and OS. (1) CIR:
MDAC-based 13.6%+-4.0% vs. SDAC-based 47.2%+-6.5%, P<0.001 (A); (2) DFS: MDAC-based 85.3%+-
4.1% vs. SDAC-based 49.6%+-6.5%, P<0.001 (B); (3) OS: MDAC-based 90.6%+-3.4% vs. SDAC-based
53.6%+-6.5%, P<0.001 (C).

Figure 2. The effect of EML on CIR, DFS and OS. (1) CIR: Total, with 49.9%+-9.4% vs. without
22.6%+-4.1%, P=0.000 (A1); Adults, with 54.6%+-10.8% vs. without 26.0%+-6.1%, P=0.002 (A2); Chil-
dren, with 38.3%+-18.0% vs. without 19.3%+-5.5%, P=0.082 (A3). (2) DFS: Total, with 44.6%+-8.7% vs.
without 71.3%+-4.3%, P=0.000 (B1); Adults, with 38.7%+-9.7% vs. without 66.6%+-6.2%, P=0.003 (B2);
Children, with 61.7%+-18.0% vs. without 76.2%+-5.8%, P=0.205 (B3). (3) OS: Total, with 45.9%+-8.9%
vs. without 76.6%+-4.0%, P=0.000 (C1); Adults, with 38.7%+-9.7% vs. without, 68.4%+-6.1%, P=0.001
(C2); Children, with 68.6%+-18.6% vs. without 85.0%+-4.9%, P=0.579 (C3).

Figure 3. The effect of c-KIT mutation on CIR, DFS and OS. (1) CIR: Total, mutation 42.3%+8.9%
vs. WT 23.5%+4.8%, P=0.009 (A1); Adults, mutation 52.4%+-10.2% vs. WT 22.8%+-7.3%, P=0.005
(A2); Children, mutation 20.0%+-17.9% vs. WT 23.6%+-6.3%, P=0.372 (A3). (2) DFS: Total, mutation
52.1%+8.7% vs. WT 71.1%+5.0%, P=0.014 (B1); Adults, mutation 44.5%+-9.7% vs. WT 68.5%+-7.8%,
P=0.015 (B2); Children, mutation 68.6%+-18.6% vs. WT 73.3%+-6.4%, P=0.602 (B3). (3) OS: Total,
55.6%+8.5% vs. WT 76.4%+4.7%, P=0.008 (C1); Adults, mutation 44.5%+-9.7% vs. WT 68.5%+-7.8%,
P=0.021 (C2); Children, mutation 85.7%+-13.2% vs. WT 82.5%+-5.7%, P=0.537 (C3).

Supplemental figure 3. The effect of EML on CIR in children and adults treated with MDAC-
or SDAC-based regimens. (1) Adults with MDAC-based regimens, with 38.6%+-15.3% vs. without
11.2%+-7.5%, P=0.028 (A1); (2) Adults with SDAC-based regimens, with 70.0%+-14.0% vs. without
39.8%+-8.7%, P=0.003 (A2); (3) Children with MDAC-based regimens, with 0 vs. without 12.6%+-5.3%,
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P=0.529 (B1); (4) Children with SDAC-based regimens, with 60.0%+-21.9% vs. without 40.4%+-14.1%,
P=0.377 (B2).

Supplemental figure 4. The effect of c-KIT mutations on CIR in children and adults treated
with MDAC- or SDAC-based regimens. (1) Adults with MDAC-based regimens: mutation 46.7%+-
17.3% vs. WT 20.0%+-17.9%, P=0.003 (A1); (2) Adults with SDAC-based regimens: mutation 63.3%+-
12.5% vs. WT 44.1%+-12.2%, P=0.263 (A2); (3) Children with MDAC-based regimens: mutation 0 vs. WT
14.8%+-6.1%, P=0.264 (B1); (4) Children with SDAC-based regimens: mutation 100% vs. WT 49.2%+-
14.4% P=0.991 (B2).

Supplemental figure 5. The effect of EML on DFS in children and adults treated with MDAC-
or SDAC-based regimens. (1) Adult with MDAC-based regimens: with 61.4%+-15.3% vs. without
88.8%+-7.5%, P=0.028 (A1); (2) Adults with SDAC-based regimens: with 30.0%+-14.0% vs. without
56.9%+-8.8%, P=0.004 (A2); (3) Children with MDAC regimens: with 100% vs. without 85.4%+-5.6%,
P=0.469 (B1); (4) Children with SDAC-based regimens: with 40.%+-21.9% vs. without 54.2%+-13.8%,
P=0.483 (B2).

Supplemental figure 6. The effect of c-KIT mutations on DFS in children and adults treated
with MDAC- or SDAC-based regimens. (1) Adults with MDAC-based regimens: mutation 66.7%+-
15.7% vs. WT 100%, P=0.003 (A1); (2) Adults with SDAC-based regimens: mutation 36.7%+-12.5% vs.
WT 49.7%+-12.3%, P=0.343 (A2); (3) Children with MDAC-based regimens: mutation 100% vs. WT
82.8%+-6.4%, P=0.208 (B1); (4) Children with SDAC-based regimens: mutation 0 vs. WT 50.8%+-14.4%,
P=0.413 (B2).

Supplemental figure 7. The effect of EML on OS in children and adults treated with MDAC- or
SDAC-based regimens. (1) Adults with MDAC-based regimens: with 61.4%+-15.3% vs. without 93.8%+-
6.1%, P=0.004 (A1); (2) Adults with SDAC-based regimens: with 30.0%+-14.0% vs. without 56.9%+-8.8%,
P=0.003 (A2); (3) Children with MDAC-based regimens: with 100% vs. without 85.4%+-5.0%, P=0.589
(B1). (4) Children with SDAC-based regimens: with 50.0%+-25.0% vs. without 67.5%+-13.4%, P=0.863
(B2).

Supplemental figure 8. The effect of c-KIT mutations on OS in children and adults treated
with MDAC- or SDAC-based regimens. (1) Adults with MDAC-based regimens: mutation 66.7%+-
15.7% vs. WT 100%, P=0.001 (A1); (2) Adults with SDAC-based regimens: mutation 36.7%+-12.5% vs.
WT 49.7%+-12.3%, P=0.449 (A2); (3) Children with MDAC-based regimens: mutation 100% vs. WT
87.8%+-5.8%, P=0.353 (B1). (4) Children with SDAC-based regimens: mutation 50.0%+-35.4% vs. WT
62.3%+-15.2%, P=0.717 (B2).
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