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Abstract Mutations in NPMI, FLT3 and CEBPA genes
are found in 25-35 % of adult acute myeloblastic leuke-
mia (AML) cases and correlate with prognosis. To date,
there have been no reports about these mutations in pedi-
atric AML from Argentina. The aims of the present study
were to describe the incidence of NPM1, FLT3 and CEBPA
mutations and to analyze their prognostic impact in this
population. The incidences of these mutations within a
population of 216 pediatric AML cases were: NPMI-
mutated 4.2 %, CEBPA-mutated 1.9 %, FLT3-ITD 10.2 %
and FLT3-TKD 7.9 %. Among 33 patients with normal
karyotype, we found significantly higher frequencies for
NPMI-mutated 24.2 % and CEBPA-mutated 12.1 %. Over-
all survival (pOS) for the 163 eligible non-acute promye-
locytic leukemia cases was 46.2 £ 4.3 %, while leukemia-
free survival probability was 51.0 £ 4.4 % (n = 135). The
NPM I-mutated/FLT3-1TD-negative genotype showed bet-
ter outcome than any other combined NPMI/FLT3 geno-
type; this difference was statistically significant within the
group of high-risk patients (pOS + SE 83.3 £ 15.2 % ver-
sus 33.1 £ 4.7 %; p = 0.0251). This is the first report of
the frequencies of these mutations in Argentina. Despite the
limited number of patients, a favorable prognosis of AML
with genotype NPMI-mutated/FLT3-ITD-negative was
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confirmed. This is especially relevant within the high-risk
group of patients, as it may contribute to the detection of
patients with better prognosis, and thus avoid unnecessary
treatment intensification.

Keywords AML - Prognostic - NPM1 - CEBPA - FLT3 -
Childhood

Introduction

Acute myeloblastic leukemia (AML) is a genetically het-
erogeneous disease, with 5060 % of patients showing
recurrent chromosomal alterations which are related to
the leukemogenic process and provide relevant prognostic
information [1]. In AML patients without recurrent chro-
mosomal abnormalities, a large number of alterations have
been involved in the pathogenesis of the disease. It has
been proposed that leukemia results from the acquisition of
at least two complementary molecular alterations: Class I
mutations which confer a proliferative advantage to hemat-
opoietic progenitors, and Class II mutations which cause
impaired differentiation of normal cells [1-3]. In recent
years, new genetic alterations have been identified among
adult AML patients, including mutations in NPM1 (nucle-
ophosmin), FLT3 (fms-related tyrosine kinase 3), and
CEBPA (alpha enhancer binding protein/CCAAT) genes
that have been reported in 6-12, 18-25 and 6-8 %, of cases,
respectively, according to previously published data [4—14].
Mutations in NPM1 and CEBPA are mutually exclusive and
are generally associated with normal karyotype-AML [15].
In the absence of other prognostic factors, patients with
AML who carry mutations in NPM1 and CEBPA seem to
be part of a group of AML with better prognosis [16-20].
Other studies have reported that approximately 40 % of
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patients with NPM1 mutations show mutations in FLT3
gene, especially internal tandem duplications (ITD) [21].
These patients with NPMI-mutated and FLT3-ITD show a
lower overall survival (pOS) and event free survival prob-
abilities [4]. Based on clinical studies, genetics, and their
prognostic value, the World Health Organization (WHO)
classification of AML has recently incorporated NPMI
and CEBPA mutations as a new group of leukemia within
“Acute myeloid leukemia and related neoplasms” [22].

The aims of the present study were to report the inci-
dence of mutations in NPM1, FLT3 and CEBPA genes in
pediatric patients diagnosed with AML, to correlate the
presence of these mutations with clinical and biologi-
cal features and to evaluate the role of NPM1, FLT3, and
CEBPA mutations as predictors of clinical outcome in pedi-
atric AML patients from Argentina. The analysis of the
impact of these mutations on the outcome of our population
of AML patients is the first step to achieve better stratifica-
tion criteria for future AML protocols.

Patients and methods

The present study included 216 patients diagnosed with
AML admitted at the Hematology and Oncology Depart-
ment of Garrahan Hospital, from March 2000 to May 2014.

AML diagnosis was performed according to morpho-
logical, cytochemical, immunophenotypic and cytogenetic
criteria of the WHO classification [23]. In 92 % of cases,
molecular studies for the detection of fusion transcripts
PMI/RARA, RUNXI/RUNXITI, CBFB/MYHII and/or
KMT2A/MLLT3 were performed by standard techniques
[24, 25].

The analysis of treatment response and survival was
performed on a population of 163 eligible patients. Thirty
three acute promyelocytic leukemia (APL), 9 patients with
treatment-related leukemia, 1 patient who was lost-in-
follow up, and 6 patients that had received chemotherapy
before admission to the hospital and who did not have com-
plete diagnostic studies were excluded. The group of AML
cases with CEBPA mutations were also excluded because
of the small sample size (n: 4). The leukemia-free survival
probability (pLFS) was analyzed in the population of 135
patients who achieved CR.

Patients were classified into two risk groups according to
the cytogenetic—molecular findings and evaluation of early
response to chemotherapy in bone marrow aspirates on day
15 of treatment. Patients with t(15;17)(q24;q21) or PML/
RARA, 1(8;21)(q22;922) or RUNXI/RUNXITI, inv(16)
(p13;922) or CBFB/MYHI1 and early good response on
day 15 of therapy (less than 10 % of blasts in bone mar-
row aspirate) were defined as standard-risk group. Acute
promyelocytic leukemia patients were not evaluated for

response on day 15. Those patients in whom the presence
of these translocations was ruled-out and any AML case
who presented more than 10 % of blasts in bone marrow on
day 15 were stratified as high-risk group. Non-APL. AML
patients were treated according to 2 consecutive AML pro-
tocols based on Berlin—Frankfurt-Miinster (BFM) study
group treatment strategy [26]. AML patients defined as
high risk were eligible for receiving allogeneic hematopoi-
etic stem cell transplantation (HSCT) as consolidation of
their treatment, if they had an available matched familial
donor (MFD).

The characterization of mutations in NPM1, FLT3 and
CEBPA genes was retrospectively carried out on mononu-
clear cells obtained by density gradient centrifugation from
bone marrow samples and preserved at —80 °C until use.
NPM1 and CEBPA mutations were studied from genomic
DNA in all cases. Total DNA was isolated using DNA
extraction kit (QIAamp DNA Mini Kit (Qiagen, Germany).
FLT3 mutations were studied using copy DNA (cDNA) in
all cases. Total RNA was reverse-transcribed according to
the BIOMED-1 protocol from 1 pg of RNA using random
hexamers in a final volume of 20 1 [24].

The detection FLT3-ITD was performed by polymerase
chain reaction (PCR) amplification of exons 14 and 15 of
the FLT3 gene, using primers RS and R6, as described in
the literature [27]. The presence of internal duplications
was analyzed by 9 % polyacrylamide gel electrophore-
sis and ultraviolet visualization after ethidium bromide
staining. Detection of FLT3-TKD (FLT3-tyrosine kinase
domain) was performed by PCR amplification of exon 20
of the FLT3 gene with primers 17F’ and 17R’, similar to
those already reported [28], and subsequent digestion with
EcoRV restriction enzyme that recognizes the cleavage
site corresponding to codons 835-836 (GATATC) of the
wild-type sequence. Mutations in CEBPA and NPM1 were
studied by GeneScanning analysis of PCR products as pre-
viously published [15]. Briefly, fluorescent PCR products
were subjected to capillary electrophoresis in an automated
DNA sequencer (ABI-Prism Model 3130, Applied Biosys-
tems) and fragment analysis was performed using GeneM-
apper software v4.0.

All cases positive for NPM1, FLT3 and CEBPA muta-
tions were sequenced to characterize mutations at the
molecular level, using the sequencing kit Big Dye Termi-
nator v1.1 (Applied Biosystems) and an automated DNA
sequencer (model ABI-Prism 3130, Applied Biosystems).

Statistical analysis
The descriptive statistics of the results were performed
using Statistix (Analytical Software, Florida, USA), ver-

sion 7.0. The correlation of discrete diagnostic features
of AML patients with the presence of NPM1, CEBPA and
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FLT3 mutations was analyzed by bivariate methods. Sta-
tistical significance was calculated using Chi-square or
Fisher exact test for nominal variables and Student’s test or
Wilcoxon test for continuous numerical variables. p values
<0.05 were considered as statistically significant.

Outcome events were defined as death during induction,
failure to achieve complete remission (CR), death during
remission, and relapse. Leukemia-free survival was defined
as the time from CR to the occurrence of an adverse event
(relapse or death in CR due to any cause); patients alive and
relapse-free at last follow-up were censored. Overall sur-
vival (OS) was defined as the time from the diagnosis to the
date of the death from any cause, with patients last known
to be alive without report of relapse censored at the date of
last contact. The LFS and OS probabilities were estimated
by the Kaplan—-Meier method, and standard error was cal-
culated by the method of Peto. The survival probabilities
reported were expressed as percentage of estimated 5-year
probability + standard error (SE). Differences between
curves were analyzed by the log-rank test [29-31].

Results

Mutations in NPM1, FLT3 and CEBPA: incidence
and clinical correlation

The clinical characteristics, French—American—British
(FAB) subtypes and genetic alterations of the 216 AML
patients are shown in Table 1. The mean age was 7.0 years
(range 1 day—17.9 years) and 44 infants (patients younger
than 1 year of age) were included in population of patients.

The incidences of the studied mutations were: NPMI-
mutated 4.2 %, CEBPA-mutated 1.9 %, FLT3-1TD 10.2 %
and FLT3-TKD 7.9 % in the total population of analyzed
cases. Normal karyotype was observed in 15 % of cases (n:
33) and the incidences of the studied mutations within this
group of cases were: NPM [-mutated 24.2 % (p < 0.00001),
CEBPA-mutated 12.1 % (p = 0.0001), FLT3-ITD 18.2 %
and FLT3-TKD 6.1 %. The combined data of the genetic
aberrations studied in the population of 216 AML cases is
shown in Fig. 1.

The mean age was significantly higher in patients with
mutations, being NPMI-mutated 13.4 years (p = 0.0001),
CEBPA-mutated 11.6 years (p < 0.00001) and FLT3-1TD
13.8 years (p = 0.0368), showing a gradual increase of
incidence with older ages. There were no significant dif-
ferences between NPM1, FLT3 and CEBPA-mutated and
wild-type patients in terms of sex and white blood cell
(WBC) count at presentation, although the median WBC of
those in the FLT3-mutated group was higher than that of
those within the non-mutated FLT3 group.
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Regarding patients younger than 1 year old, the mean
age was 4.5 (range 0-11.0) months and median WBC was
74.4 (range 2.1-500.0) x 10°/L. Fifty percent of infants
presented alterations in the KMT2A (lysine methyltrans-
ferase 2A) gene and FLT3-TKD was the only mutation
detected in this group of patients (11.4 %) (Table 2).

The median length of duplicated fragments in FLT3-
ITD cases was 57 nucleotides (range 15-111 nucleotides),
being 48 nucleotides for duplications (range 12-111) and 6
nucleotides for insertions (range 1-18).

FLT3-TKD mutation was detected in 17 out of 216
patients with AML: 5 of 44 infants (11.4 %) and 12 of 172
children older than 1 year (7.0 %). The mutation most fre-
quently observed was the substitution Asp835Glu.

NPM1 gene mutations were detected in 9 out of 216
patients studied. Four of these nine patients showed type A
mutation, while the remaining 5 patients presented muta-
tions not previously reported. The detailed sequences are
shown in Table 3.

In 3 of the 5 previously unreported mutations, the result-
ing newly reported NPM1 variant protein retains the tryp-
tophan at position 288, whereas loss of tryptophan at posi-
tion 290 is observed in all cases, with generation of the
same last five amino acid residues (VSLRK). Eight out of 9
patients who harbored mutations in NPM 1 had normal kar-
yotype (p < 0.00001), while the ninth case corresponded to
an AML case with no metaphases evaluable for cytogenetic
study and no recurrent rearrangements detected by reverse
transcription followed by polymerase chain reaction analy-
sis. In 2 cases NPM1 mutations coexisted with FLT3-ITD,
one of them with a TGCC insertion in NPM1 and duplica-
tion of 48 nucleotides in FLT3 (UPN 256), and the other
one with type A mutation in NPMI and a duplication of
73 nucleotides plus a 2 nucleotides-insertion in FLT3 gene
(UPN 843).

Eighteen double signals were detected in the electro-
pherograms of the fragment analysis from the 216 patients
studied for the presence of CEBPA mutations. Fourteen
of the 18 alterations detected corresponded to mutations
within the transactivation domain-2 (TAD2) region where
an insertion of 6 nucleotides (GCACCC) was observed in
the genomic DNA sequence which results in a histidine—
proline duplication. This variation has been reported to be
a polymorphism, thus these patients were not considered
as being mutated for the present study [15]. The remain-
ing 4 mutated cases showed insertions of 3—12 nucleotides
in the basic leucine zipper (b-ZIP) domain (Table 3), pre-
serving the reading frame. These four patients had nor-
mal karyotype and the absence of recurrent translocations.
One patient with CEBPA mutation (UPN 1238) showed a
mutated FLT3-TKD with a substitution of aspartic acid to
tyrosine at position 836 of the FLT3 protein.
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Table 1 Characteristics of 216 AML patients categorized according to NPM1, FLT3 and CEBPA mutation status
AML total NPM I-mutated CEBPA-mutated FLT3-1TD FLT3-TKD

N 216 9 4 22 17
Median age (range) 7.0 (0-17.9) 13.1 (7.3-16.7) 11.5 (8.4-14.6) 11.4 (2.2-16.8) 7.0 (0.3-14.8)
Gender (n)

Female 100 3 3 8 10

Male 116 6 1 14 7
WBC (10°/L)

Median (range)
FAB subtypes (1)

21.6 (0.5-527.0)

15.5 (2.8-92.5)

19.2 (7.2-340.0)

30.1 (1.9-322.0)

56.2 (1.9-500.0)

M2 42 4° 3 5 3
M3 31 - - 9° 5
M4 27 2 1 4 1
M5 72 2 - 3 8
M6 6 1 - - -
M7 22 - - - -
ALAL? 16 - - 1 -
Cytogenetic/molecular (n)
Normal 33 8P 4 6 2
KMT2A + vel/11q23 45 - - - 4
t(15;17)(q24;921)/PML-RARA 33 - - 10° 5
t(8;21)(q22;q22)/RUNX1-RUNXITI 25 - - 1 3
inv(16)(p13;q22)/CBFB-MYH11 12 - - - 1
No metaphases/RT-PCR negative® 6 1 - 1 1
Others 43 - - 4 1
Outcome for non-APL patients
N 163 8 4 10 10
% CR on day 29 82.8 100.0 75.0 90.0 90.0
Death during induction (7) 22 0 1 1 1
Death in CR (n) 17 1 0 0 0
Relapse (n) 50 1 0 5 4
5-year pOS (SE) 46.2 (4.3) 75.2 (15.3) 75.0 21.7) 40.0 (15.5) 60.0 (15.5)
5-year pLFS (SE) 51.0 (4.4) 75.0 (15.3) 100.0 (0) 44.4 (16.6) 55.6 (16.6)

* ALAL acute leukemia of ambiguous lineage

® 5 <0.05

¢ RT-PCR negative for PML/RARA, RUNXI/RUNXITI, CBFB/MYH11 and KMT2A/MLLT3

Response to treatment and outcome

The

pLFS £ SE for

FLT3-ITD group was

Parameters of response to treatment, the observed events
and survival analysis for the population of 163 evalu-
able non-APL patients are shown in Table 1. The mean
follow-up time for the total population was 63 months,
ranging from 13 to 158 months and the 5-year pLFS + SE
and pOS + SE were 51.0 £ 4.4 and 46.2 + 4.3 %,
respectively.

Regarding the response to treatment for the total group,
83 % of patients achieved complete remission, 22 patients
(13 %) died during the induction phase, while the remain-
ing 3 % showed no response to treatment.

444 £ 16.6 %, and for FLT3-TKD it was 55.6 + 16.6 %
(see Table 1). The pLFS =+ SE for NPMI mutated patients
was 75.0 £ 15.3 % while it was 49.4 + 4.5 % for NPM 1
wild-type AML cases (p = 0.2081). All patients with NPM 1
mutations were early responders on day 15 and achieved
complete remission after induction phase. One patient who
presented mutated NPM1 and FLT3-ITD relapsed in bone
marrow within 6 months and died due to disease progres-
sion, while another patient died in CR due to sepsis. The
six remaining patients keep staying in continuous CR with
a median follow-up of 66 months. Two of them underwent
HSCT as consolidation treatment.
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{FLT3-ITD, n=4 |
{ FLT3-TKD, n=2 :

" OTHERS
12% /'NPM1, n=6
| FLT3-ITD, n=4 | NPM1/FLT3-ITD, n=2
| FLT3-TKD, n=2 | NO METAPHASES/ © FLT3-ITD, n=3
RT-PCR negative NORMAL CEBPA, n’=3
6% 33%  CEBPA/FLT3-TKD, n=1 |
CFLT3-TKD,n=1 | CBFB/MYH11 FLT3TKD
{FLT3-ITD, n=1 | RUNX1/RUNX1T1
8%

{FLT3-1TD, n=10 | PML/RARA
[FLT3-TKD, n=5 | 31%

KMT2A/11g23  FLT3-TKD, n=4.
a%

Fig. 1 Scheme showing the combined data of the genetic aberrations observed in the group of 216 AML patients

Table 2 Clinical

o . AML total FLT3-wild type FLT3-TKD
characteristics, genetic
alterations and outcome of the N 44 39 5
?;{;ﬁ%gauems younger than =1 ian age (range) 45(0-11.0) 40 (0-11.0) 6.0 (4.0-7.0)
Gender (n)
Female 21 18 3
Male 23 21 2
WBC (10°/L)
Median (range) 74.4 (2.1-500.0) 65.8 (2.1-400.0) 51.7 (56.2-500.0)
FAB subtypes (1)
M4 1 1 -
M5 28 23 5
M6 1 -
M7 6 -
ALAL? 8 -
Cytogenetic/molecular (n)
Normal 3 3 -
KMT2A + ve/11q23 22 18 4
No metaphases/RT-PCR negative” 1 1 -
Others 18 17 1
Outcome for non-APL patients
N 42 37 5
% CR on day 29 81.0 81.1 80.0
Death during induction (1) 8 7 1
Death in CR (n) 8 8 0
Relapse (1) 16 13 3
5-year pOS + SE 26.2 £ 6.8 27.0+7.3 20.0 £ 17.9

% ALAL acute leukemia of ambiguous lineage

b RT-PCR negative for PML/RARA, RUNXI/RUNXITI, CBFB/MYH11 and KMT2A/MLLT3
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Table 3 Mutations detected in the NPM1 and CEBPA genes and their predicted effect at the protein level

Protein sequence

Genomic sequence

Gene

ID

286-DLWQWRKSL

...ggagg.aagtctctttaagaaaatag

.geagt.....ooooevnnnn.
.g.tetg.gcagt..............lL

gaccaagaggctattcaagatctct......

NPM1

Wild type
MutA

286-DLCLAVEEVSLRK
286-DLWQSFSQVSLRK
286-DLCAAVEEVSLRK
286-DLWQLLSQVSLRK
286-DLYLAVEEVSLRK
286-DLWQDLSKVSLRK

.ggagg.aagtctetttaagaaaatag

gaccaagaggctattcaagatctet......

NPM1I

.aagtctctttaagaaaatag

.gecagt.cctttteee...............

gaccaagaggctattcaagatctct......

NPM1I

UPN 13

..ggagg.aagtctctitaagaaaatag

.g.tgee.geagt..........oeel.

gaccaagaggctattcaagatctct......

NPM1

UPN 256

.aagtctctttaagaaaatag

.gcagt.tacttteee...............

gaccaagaggctattcaagatctct..atet.g. ...

gaccaagaggctattcaagatctct......

NPM1

UPN 286

..ggagg .aagtctctttaagaaaatag

L 8CAG

NPM1

UPN 888

.gtctetttaagaaaatag

.g.......gca...agatctcagcaag............

..2CagegCaacgtggagacg. ..oo.uerurnnnnnnn...

gaccaagaggctattcaagatctct......

NPM1

UPN 1240

...QQ....KVLELTS

302-KAKQRN.....VVET..........

..gaaggtgctggage
...gaaggtgctggage
...gaaggtgctggage

...gaaggtgctggage

...cagea........

gacaaggccaa. ..

CEBPA
CEBPA
CEBPA
CEBPA
CEBPA

Wild type

302-KAKQRN.....VVET...GKAT...QQ.....KVLELTS

302-KAKQRN.....NVET..........

..cagca......

..gcagcgeaacgtggagacg. .. gggaaggegacg. .

gacaaggccaa.gtt.gcagegeaacgtggagacg. ....u.vnnnnnnnn...

gacaaggccaa. ..

UPN 1078

...QQ....KVLELTS

.cagca.......

UPN 1146

.QQ....KVLELTS

302-KAKQRN.....VVET...T........

...cagca....

.acg....

.gcagcgceaacgtggagacg. ..
..8CagCCAACLZZAZACE .. cvnvvenrnnnenne

gacaaggccaa......

UPN 1181

...QQ..K.KVLELTS

302-KAKQRN.....VVET..........

..gaaggtgctggage

..cagca...gaa...

gacaaggccaa. ..

UPN 1238

The sequences in bold letter correspond to the inserted nucleotides. NPM1 GenBank accession number: NM_002520. CEBPA GenBank accession number: U34070

One patient with mutated CEBPA and FLT3-TKD died
during the induction phase of treatment. The remaining 3
cases achieved CR and 2 of them were high-risk patients
with available MFD who received HSCT. This subgroup of
patients was considered too small to draw further conclu-
sions regarding their survival probability.

The pLFS for 135 patients with AML other than acute
promyelocytic leukemia according to the combined geno-
types of FLT3-ITD and NPM1 is shown in Fig. 2a. The
best outcome was observed for the FLT3-ITD-negative and
NPM I-mutated group of patients (83.3 &= 15.2 %).

Regarding the 127 high-risk patients, 21 died on induc-
tion, 100 (79 %) of them achieved CR, 13 died in CR, 42
relapsed and 45 remain in CR. Considering the subgroup of
26 AML patients with normal karyotype, 4 died on induc-
tion, 21 (81 %) of them achieved complete remission, 2
died in CR, 8 relapsed and 11 remain in CR. The pOS and
pLFS for the high-risk group and for the normal karyotype
patients according to the combined genotypes are shown in
Fig. 3.

Discussion

The present study shows the retrospective analysis of the
incidence of NPM1, FLT3 and CEBPA mutations, the clini-
cal impact and the outcome of pediatric AML according to
their presence in 216 patients, from a single Institution in
Argentina.

NPM 1 mutations were detected in 4.2 % of patients with
AML, showing a slightly lower frequency than previously
published data in other series of pediatric patients where
incidences ranged between 6 and 8 % [4, 5, 8, 9]. The lower
frequency observed might be due to the composition of the
study population, since 20 % of our patients were children
younger than 1 year of age. This bias is due to the fact that
Garrahan Hospital, as national referral center, receives this
particular group of patients from many different institu-
tions. When infant patients are excluded from the inci-
dence analysis, the frequency of mutated NPM1 increases
to 5.2 %. Mutation A, reported as the most frequent muta-
tion in all series, was detected in 44.4 % of cases and five
additional novel NPMI mutations could be identified. All
mutations detected in this study resulted in the loss of tryp-
tophan at position 290, and shared the same last five amino
acid residues (VSLRK) comparable to what has already
been reported [32].

In our series of patients, a significant increase of the
incidence of NPMI mutations with age was observed
and no mutations were detected in children younger than
6 years of age. This is in agreement with studies reported
by other authors, detecting a tendency to higher incidence
of mutations in NPMI with increasing age [4, 8, 33].
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NPMI mutations were most often observed in the FAB-
M2 subtype and no significant differences were detected in
terms of gender and WBC association. Similar to what has
been reported in adult AML patients [32, 34], our results
show that in children with AML diagnosis, the frequency
of NPM1 mutations is significantly higher in the group of
patients with normal karyotype, which has been historically
included in the group of high-risk AML patients [4, 5, 18,
35].

CEBPA mutations were detected in 1.9 % of patients
with AML, being all of them insertions of nucleotides
within the b-ZIP domain, maintaining the reading frame.
We also found an insertion of 6 nucleotides in the TAD2
domain in 6.5 % of the studied patients, a mutation that has
been reported as being a polymorphism [36]. In contrast to
what has been described for adult AML publications, no
cases of double CEBPA mutations were detected [17, 37].
This can be due to the characteristics of our cohort which
included 20 % of patients under 1 year of age, although
limitations of the method selected to detect small inser-
tions, deletions or substitutions cannot be excluded. Similar
to what we found for patients with NPM1, the frequency
of mutations in CEBPA was significantly higher in patients
with normal karyotype and in older patients. We also
observed a significant association with FAB-M2 subtype.

FLT3 gene mutations were detected in 18.1 % of cases,
of which 10.2 % were FLT3-ITD and 7.9 % FLT3-TKD.
Patients with FLT3 mutations presented a higher mean
white cell count, although this difference was not statis-
tically significant. We also observed an increase of the
incidence for FLT3-ITD mutation with age, a fact not
observed for FLT3-TKD. Data from series of adult AML
patients, show an incidence of internal tandem duplica-
tions of 20-30 % [1, 38], whereas in pediatric series the
reported incidence is lower [39], which is also consistent
with our findings. The only mutation detected in infants

pOS

-- FLT3-TD negative / NPM1 positive (n=6): 83.3+15.2
—— FLT3-ITD negative / NPM1 negative (n=120): 49.8+4.7
-------- FLT3-ITD positive / NPM1 positive (n=2): 50.0+35.4
"""" FLT3-TD positive / NPM1 negative (n=7): 42.9+18.7
24 p=0.3873
T T T
0 50 100 150

Time in months

was FLT3-TKD, which occurred more frequently in the
group of patients with abnormalities in KMT2A gene,
although this association was not statistically significant.
We observed that FLT3-ITD mutations were significantly
associated with FAB-M3 subtype and the presence of
fusion transcript PML-RARA.

Concerning the prognostic value of these mutations,
there were no statistically significant differences between
survival probabilities according to FLT3 status. Our results
show that AML patients with mutations in NPM1 have a
higher LFS probability than NPMI wild-type patients.
Regarding CEBPA mutations, although most patients
showed a favorable outcome, the number of cases is too
small to draw definitive conclusions about the prognostic
value of this mutation.

However, when we analyzed the results of pLFS for
the population of non-APL AML patients and in different
groups according to the combined presence of FLT3-ITD
and/or NPM1 mutations, we observed a group of patients
with a clearly better prognosis, corresponding to patients
with absence of FLT3-ITD and presence of NPM1 muta-
tions (pLFS &+ SE 83.3 £ 15.2 %, p = 0.5012, see Fig. 2a).

Moreover, survival analysis for high-risk-group patients
showed a better prognosis in terms of pOS and pLFS for
the combined genotype NPMI mutated and FLT3-ITD
negative (pOS £ SE 83.3 &+ 15.2 versus 33.1 &+ 4.7 %,
p = 0.0251, see Fig. 3a; pLFS £ SE 83.3 £ 15.2 versus
41.5 £5.2 %, p = 0.0668, see Fig. 3b).

Considering the high prevalence of mutations in NPM1
in AML with normal karyotype, we analyzed the potential
prognostic significance of these alterations within this spe-
cific group of high-risk patients. Despite the relatively small
number of patients, the mutations were associated with a
better prognosis in the group of patients with NPM1 muta-
tion and absence of FLT3-ITD (pLFS £ SE 80.0 £ 17.9
versus 43.8 £ 12.4 %, p = 0.2258, see Fig. 3d).
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Fig. 2 Kaplan—Meier curves for leukemia-free survival for 135 non-APL patients according to a the different combinations of FLT3-ITD and
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Fig. 3 Kaplan—Meier curves for overall survival and leukemia-free survival stratified by the status of FLT3-ITD and NPM1 in high risk group

(a, b), and in normal karyotype AML patients (c, d)

Taking into account the important prognostic signifi-
cance of the genotype FLT3-ITD negative with NPMI
mutated in children with AML, we intend to include the
presence of these mutations as part of the risk-group defi-
nition for all patients at the moment of initial diagnosis
in our next protocol for non promyelocytic AML patients.
Within the high-risk group, the identification of a subgroup
of patients with better prognosis, as has been observed,
would allow considering the possibility of reducing the
intensification of the chemotherapy to decrease the morbid-
ity and mortality of these patients. It is noteworthy that any
decrease in the intensity of treatment should be considered
with caution, taking into account that the excellent response
of this group of AML patients has indeed been obtained by
administering an intensive scheme of treatment.

Finally, this report contributes to the progress in the
characterization of NPM1, FLT3 and CEBPA mutations in
pediatric AML patients, with the intention of achieving a
better understanding of their contribution to the leukemo-
genic process.

In addition, we are convinced that this study makes a
significant contribution in assessing the prognostic value
of these mutations, allowing the planning of a different

stratification of patients in risk groups to achieve a better
tailoring of treatment in pediatric patients with AML.
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