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Abstract
The clinical and biological characteristics of children under 2 years (infants) with acute myeloid leukemia (AML) are different from those
of older children. We aimed to describe the specific characteristics of this population and the potential factors that influence the
prognosis. We analyzed data concerning 438 children with newly-diagnosed AML treated in the ELAM02 protocol between March
2005 and December 2011, of which 103 were under 2 years old at diagnosis. The evaluation criteria were overall survival (OS) and
event-free survival (EFS) of infants vs older children. The clinical and biological features were secondary criteria. Infants presented
more frequent extra-medullary presentation than older children. They had a significantly higher proportion of skin lesions and central
nervous system involvement (15% vs 3%, p<0.0001 and 26% vs 12%, p=0.0005, respectively). The global incidence of KMT2A
rearrangements was nearly 55% for infants vs 11% for older children (p<0.0001). Median 5-year OS was 70.4% for infants vs 71.4%
for older children (p=0.83). Five-year EFS was 67% for infants vs 58% for older children (p=0.27). Infants with AML represent a
cohort of patients with specific clinical and biological features. These remarkable differences had no significant impact on their
outcome in the ELAM02 protocol.
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Introduction

Acute myeloblastic leukemia (AML) is a rare disease in
pediatrics, accounting for approximately 75 to 80 cases per
year in France.1 The frequency peaks in young children under 2
years of age (infants) and the incidence then increases until
adulthood.1 Despite recent progress in the understanding and
management of childhoodAML, there is still a high risk of relapse
(40% to 50%). Nevertheless, recent standards of care enable
overall survival (OS) of 60% to 70% in most developed
countries.2 This improvement has been achieved due to new
treatment strategies, better supportive care, and more effective
patient stratification.3,4High-risk patients requiremore intensive
treatment, which can include allogeneic hematopoietic stem cell
transplantation.5

Infants with AML appear to constitute a specific subgroup in
terms of both clinical presentation and biological character-
istics.6,7 In addition, because of their young age, this subgroup
may have an underlying predisposition. Indeed, recent data in the
field of clonal architecture of AML suggest different clonal
evolution in this population than in the model described for adult
patients.8 Thus, an age at diagnosis of under 2 years may indicate
a different entity. We used the term of infants for these children as
Masetti et al.7

We aimed to study the clinical and biological presentation at
the time of diagnosis of children under 2 years of age with AML.
We compared cytogenetic and molecular markers and treatment
outcome of infants vs that of children over 2 years of age in the
ELAM02 trial.9
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Materials and methods

Study population

This retrospective multi-center analysis included all patients with
AML treated in the ELAM02 protocol from March 2005 to
December 2011 in 28 medical centers in France.
Inclusion criteria were patients aged between 0 and 18 years at

diagnosis; an AML not previously treated; French-American-
British (FAB) subtype M0, M1, M2, M4, M4 eosinophil, M5,
M6, or M7, unclassifiable or myelodysplasia (blastosis > 20%),
or isolated chloroma. The written consent of both parents and the
child (depending on age) to participate in the study was received
for each case.
Children with Down syndrome, AML FAB subtype M3 or

variant M3 and secondary AML, occurring after the treatment of
a first malignancy or during the course of a predisposing genetic
disease, were excluded.
CNS (central nervous system) involvement was defined by

cerebrospinal fluid with 5 white bloods cells/mm3 or more, or less
than 5 white bloods cells/mm3 with blasts on the smear after
cytocentrifugation, and/or clinical symptoms. Complete remis-
sion (CR) was defined by a normal cell density with less than 5%
blasts by myelogram with a normal blood count and the
disappearance of clinical symptoms. The presence of skin lesions
was verified in the medical records.
Biological analyses

A centralized hematological review of blood and bone marrow
samples was performed at diagnosis and after hematological
recovery following the first course of consolidation.
A cytogenetics analysis was performed at diagnosis for all

patients, including: standard karyotype (with the analysis of at
least 20 mitoses) and FISH analysis, searching for KMT2A
rearrangement and inversion in chromosome 16. A central review
was conducted by N. Dastugue (Laboratory of Hematology –

Purpan, Toulouse). Karyotypes were classified as follows CBF-
rearranged, KMT2A-rearranged and other aberrations.
Prospective national biobanking of all blood and bone-marrow

samples at diagnosis and during the treatment of the patients
involved in the ELAM02 trial was performed (Laboratory of
Hematology – Trousseau hospital, Paris).
Molecular biology analysis at diagnosis and during treatment

was performed in Lille and Paris (Laboratory of Hematology –

Pr. Lapillonne and Pr. Preudhomme). The analysis at diagnosis
included a search for gene mutations by PCR (polymerase chain
reaction). Specific fusion transcripts (AML1-ETO, CBFB-
MYH11, KMT2A transcripts, NUP98 transcripts, ETO2-
GLIS2) were analyzed according to the cytogenetics results.
Genomic DNA from bone-marrow aspirates at diagnosis was
also studied by high-throughput sequencing (HTS) of 36 genes
recurrently mutated in AML. The results of these analyses were
recently published.10
Treatment

Treatment is summarized in Figure 1. The induction regimen
combined mitoxantrone and cytarabine, with an evaluation of
chemosensitivity by a myelogram at D15, possibly repeated at
D20. The first consolidation treatment combined high-dose
cytarabine and amsacrine, starting on either D21 for chemo-
resistant forms or D35 for chemo-sensitive forms. CR was
2

estimated at the end of this stage of treatment. Patients received
two consolidation treatments except for those with an identical
HLA donor and an indication for a matched allograft. CNS
prophylaxis or treatment was included, consisting of triple
intrathecal injections. Chemotherapy doses were reduced to 2
thirds the normal dose for children under 6 months of age and
three quarters the normal dose for children aged from 6 months
to 1 year or those weighing less than 10kg.
Patients were stratified into 3 groups for allogeneic bone-

marrow transplantation. For group 1 “standard risk” including t
(8;21)(q22;q22) or inv (16)(p13q22)/t(16;16)(p13;q22), alloge-
neic bone-marrow transplantation was not recommended, even if
an HLA matched family donor was available. Group 2
“intermediate risk” included patients who did not fit into either
group 1 “standard risk” or group 3 “high risk”. The group 3
“high risk” included patients with secondary leukemia, absence
of cytologic remission after consolidation 1 or patients with
adverse cytogenetic or molecular abnormalities (monosomy 7,
abn5q, t(6;9)(p23;q34), t(10;11)(p11-14;q23), t(6;11)(q27;q23),
inv(3)(q21q26) or t(3;3)(q21;q26), complex karyotype, presence
of FLT3-ITD and ratio mutated allele/wild-type allele >0,4). For
group 3, allogeneic bone-marrow transplantation was recom-
mended following the first CR with an HLA matched family
donor or an unrelated matched donor and/or umbilical cord
blood.
The ELAM02 protocol included a therapeutic randomized

research protocol. Half of all patients with persistent CR received
interleukin-2 as maintenance treatment after chemotherapy.
Follow up assessment

Patients were regularly followed up to five years after CR. The
followingdatawere retrieved fromtheELAM02protocoldatabase:
clinical and biological presentation at the time of diagnosis,
cytogenetic and molecular markers, and treatment outcome.
Statistical methods

Outcome was defined by overall survival (OS) and event-free
survival (EFS). OS was calculated from diagnosis to death from
any cause. Events were defined for EFS as refractory disease,
relapse after CR, or death from any cause. Survival curves were
calculated using the Kaplan-Meier method.11 Statistical signifi-
cance of age at diagnosis was tested using the log-rank test.12
Results

Patient characteristics

A total of 438 patients with AML were included in this protocol.
Their initial clinical and biological features are presented in
Table 1. Among 438 patients, 103 were less than 2 years old at
diagnosis, representing almost a quarter of patients. Among these
103 children, 54 were less than 1 year old at diagnosis. In this
population, the proportion of boys tended to be higher than in
older children (60 of 103 vs 179 of 335, p=0.42). The median
follow-up of infants was 4.75 years.
Clinical characteristics (Table 1)

The initial clinical characteristics of infants with AML were
distinct from those of the other children. Infants had more
frequent extra-medullary symptoms of AML than older children.



INDUCTION 
myelogram at D15-possibly D20 

CONSOLIDATION n°1 
started at D21 or as of aplasia output between D35-D42 

myelogram at D28 after consolidation n°1 

Complete remission 

CONSOLIDATION n°2 

CONSOLIDATION n°3 

RANDOMIZATION 
+/- interleukin-2 

No complete remission 
�Stop procotol 

Allogenic bone marrow transplant 
if criteria described in treatment 

Figure 1. ELAM02’s treatment plan.
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Indeed, they had a significantly higher proportion of skin lesions
and CNS involvement (15% vs 3%, p<0.0001, and 26% vs
12%, p=0.0005, respectively).
Biological characteristics (Table 1)

The biological characteristics of infants with AML were distinct
from those of older children. There was a higher incidence of
acute monoblastic and megakaryoblastic leukemia, M5 and M7
subtypes in the FAB classification. This difference was significant
for the M7 subgroup (17% vs 3%, p<0.0001). In contrast, the
proportion of M2 and M4 leukemia, including core binding
factor (CBF) leukemia, was lower in the infant group: 3% vs 29%
and 12% vs 21%, respectively.
The percentage of hyperleukocytosis (leukocytosis ≥50.000/

mm3) was essentially the same for both groups, approximately
30%. There was a non-significant difference between 0 to 1 year
(19/55) vs 1 to 2 years of age (11/48).
The cytogenetic abnormalities of AML in infants were different

from those found in older children (Fig. 2A). The global incidence
3

of KMT2A rearrangements was nearly 55% for infants vs 11%
for older children (p<0.0001). In contrast, the incidence of CBF
abnormalities was higher for older children, nearly 29% vs 5%
for infants (p<0.0001). The distribution within cytogenetic
groups was therefore different, 44% in group 3 “high risk” for
infants, approximately 50% in group 2 “intermediate risk” for
all patients, and 27% in group 1 “standard risk” for older
children. Moreover, the proportion of normal karyotypes tended
to be lower in infants (9% vs 31%). The principal molecular
aberrations of AML were also different according to age
(Fig. 2B). Overall, infants had fewer molecular abnormalities.
The average number of mutations tended to be lower in infants
(0.53 vs 1.59). The prevalence of the FLT3 mutation increased
with age, almost 6% (1 patient with FLT3-ITD and 5 patients
with FLT3-TKD) for infants vs almost 27% for older children.
The prevalence of RAS mutations was similar in the two groups
(37% for older children vs 30% for infants). Reported mutations
in GATA2 are somatic mutations.
In the group of less than one year and the group between 1 and

2 years of age the incidence of AML subtypes by the FAB

http://www.hemaspherejournal.com


Table 1

ELAM02’s Results.

<2 years old >2years old

Number % Number % p value

Patients 103 24% 333 76%
Sex
Boys 60 58% 179 54% 0.4227
Girls 43 42% 154 46%

Clinical characteristics
Chloromas 8 8% 13 4% 0.1095
No chloromas 95 92% 320 96%
Skin involvement 15 15% 9 3% <0.0001
No skin involvement 88 85% 324 97%
Central nervous system + 27 26% 40 12% 0.0005
Central nervous system - 76 74% 293 88%

Biological characteristics
FAB type
M0 2 2% 26 8%
M1 3 3% 64 19%
M2 3 3% 96 29%
M4 12 12% 72 21%
M5 53 51% 49 15%
M6 3 3% 9 3%
M7 18 17% 9 3% <0.0001
Other 9 9% 8 2%
Hyperleukocytosis 30 29% 97 29%
No hyperleukocytosis 73 71% 236 71%

Cytogenetic risk
group 1 4 4% 91 27%
group 2 52 50% 182 55%
group 3 42 44% 59 18%
failure 2 2% 1 0%

Outcome
Complete remission 89 86% 300 90% 0.284
No complete remission 14 14% 33 10%
Relapse 32 31% 129 39%
No relapse 71 69% 204 61%
Bone marrow transplant in first complete remission
Yes 20 19.50% 96 29%
No 69 67% 204 61%
No data 14 13.50% 33 10%

S. Blais et al. Acute Myeloid Leukemia in Infants of the ELAM02 Cohort
classification was similar. The incidence of the M7 subtype was
17% vs 19%, respectively. There was no significant difference in
the incidence of cytogenetic abnormalities of AML between the 2
age groups. The incidence of KMT2A rearrangements was 54%
in the group of less than one year vs 55% for the group between 1
and 2 years of age.
Treatment outcome

There were no significant differences in the CR or induction
failure rates or incidence of relapse between infants and children
older than 2 years of age. Indeed, 86% of children younger than 2
years of age were in remission at the end of consolidation 1 vs
90% of the children older than 2 years of age (p=0.28). The
incidence of relapse was the same for both groups (31% vs 39%),
most (almost 70%) relapses were medullary.
We found no prognostic markers of relapse in either group.

There were no significant differences in OS or EFS between
patients under 2 years of age and older (Fig. 3).Median 5-yearOS
was 70.4% for children under 2 years of age vs 71.4% for older
children (p=0.83). Five-years EFS was 67% for the group
4

younger than 2 years of age and 58% for the older group (p=
0.27). The children generally died from progression of leukemia;
there was no difference between the 2 groups for the cause of
death (p=0.93).
There was also no impact of KMT2A status on OS and EFS.

Median five-year OS was 72.9% for children with KMT2A
rearrangements vs 73% for those without (p=0.99) from the
whole ELAM02 study. Median 5-year EFS was 68.2% vs 66.5%
(p=0.65), respectively.
During CR after the first course of consolidation (CR1), 19%

of infants had hematopoietic stem cell transplantation vs 29% of
the older children. A total of 273 children were treated with
chemotherapy without bone marrow transplant: 67% of infants
vs 61% of older children. Data concerning hematopoietic stem
cell transplantation was missing for 10% of the children in each
group.
Among infants, we found a significant poor impact of M7

subtype on prognosis, both for EFS and OS. Indeed, infants with
M7AML had a 5-years EFS of 53%, vs 77% for infants with non
M7 AML (p=0.03). And 5-years OS was respectively 47% and
70% for infants with M7 AML and non M7 AML (p=0.02).



Figure 2. Distribution of the cytogenetic in % (A) and molecular (B) abnormalities reported in children with AML younger and older than 2 years of age in ELAM02.

Figure 3. Overall survival (OS) and Event free survival (EFS) in ELAM02 for
children younger and older than 2 years of age.

(2019) 3:6 www.hemaspherejournal.com
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Discussion

This study, based on the ELAM02 protocol, confirms that infant
AML is a distinct entity with a specific clinical and biological
presentation, implying potentially different oncogenic mecha-
nisms. However, these specificities do not appear to affect the
global prognosis of infants, either in terms of EFS or OS,
consistent with the data in the literature.7

Independently of prognosis, there has long been an interest in
this age category of children, as shown in the study in 1991 at the
Saint-Louis Hospital (Paris).6

Children under 2 years old (infants) with AML represent a
quarter of all children with AML treated in France, hence the
necessity of studying this sub-population. Within infants, the age
distribution is homogeneous. The subtypes, by FAB classification,
and incidence of cytogenetic abnormalities were similar.
The results of the ELAM02 protocol showed a higher incidence

of extramedullary involvement in children under 2 years of age.
In infants, skin involvement may be a prognostic factor in
childhood AML.13 The higher incidence of CNS disease in infants
has been found in several other studies in France and other
countries.7,14–17 This difference may be due to the immaturity of
the blood-brain barrier in infants, which does not fully develop
until the age of six months.18 It may also be due to the greater
vasculature of the leptomeninges of infants and preschool
children.19 Several studies have also documented a higher
incidence of other extramedullary organ involvement15 without
providing a hypothesis to explain this difference. CNS involve-
ment at diagnosis is associated with a higher incidence of CNS

http://www.hemaspherejournal.com
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relapse, but it does not appear to influence OS of children with
AML.20 The ability to migrate into other organs in infants may
also be due to intrinsic characteristics of the blast cells themselves,
due to their immaturity and/or cytological subtype. Indeed, in our
experience, the prevalence of skin involvement is also more
frequent in infants. Gouache et al reported in 2018 a poorer
pronostic in patient with leukemia cutis.13 This data may be
crucial for earlier and more accurate diagnosis in infants.
The data for FAB subtypes showed a higher incidence of acute

monoblastic and megakaryoblastic leukemia, M5 and M7 in the
FAB classification, which is consistent with previously published
studies.3,14,15 We confirmed in the infants population that
M7 subtype is related to a poorer outcome than other subtypes,
as for EFS and OS.21 Another result in common with those
reported in the literature was the low proportion of the M1/M2
type in infants (6%) relative to older children (48%), for
whom they represent the most common subtype. However,
our population of infants had a lower proportion of the M4
subtype than reported in other studies, of which some have
shown the M4 and M5 subtypes to be good prognostic
factors.22,23

The percentage of hyperleukocytosis in infants was similar to
that in older children in the ELAM02 protocol. This result is
different from those of other studies in other countries16,23,24 and
those in which the age standard was set to one year.14

The chromosomal aberrations of AML in infants consisted
largely of translocations involving chromosome band 11q23.25

The global incidence of 11q23/KMT2A rearrangements in our
study was comparable with those of other studies, between 40%
and 55%.7,14,15,24 Nevertheless, the very small number of
additional cooperating oncogenic abnormalities suggests that the
driving force of KMT2A translocations may be much greater.
Studies are under way to address this issue, such as the study of
clonal evolution of this subpopulation. New technologies, such as
NGS (next generation sequencing), can also provide new
information and better characterize the subpopulations.8 There
are few other cytogenetic abnormalities that cooperate with
KMT2A rearrangements, showing the predominant function of
KMT2A in the dysregulation of cell maturation and proliferation.
Here, there was no difference in OS and EFS between KMT2A+

and KMT2A- patients.
The other distinctive trait of infant AML is the very low

frequency of CBF rearrangements, never before one year of age,
which is a favorable feature.7,26 A tendency towards a higher
proportion of 12p abnormalities has been reported for infants in
other studies15 and appears to characterize a cytogenetic group of
patients with an adverse outcome.27 In the current international
protocolMyeChild01,28 this cytogenetic group of patients will be
classified as high risk and require more aggressive therapy.
The main molecular abnormalities of AML found in children

younger than 2 years of age were few, with no impact on
prognosis. The prevalence of mutations with a good prognostic
profile appears to increase with age after 2 years, such as WT1.7

The AML predisposition syndrome GATA2 alteration was found
in only 1% of the population of older children, probably
suggesting a delay in the triggering of oncogenic alterations
leading to AML.
The results of the ELAM02 protocol did not reveal any

significant differences in OS or EFS between infants and older
children.15,24 However, we found a trend towards dying earlier
after diagnosis in the infant population, which can be explained
by higher toxicity in infants. Indeed, the management of infants
with AML did not differ from that of older children in ELAM02,
6

except the adaptation of the doses of cytotoxic drugs. It is
important that infants be treated in centers with recognized
expertise.
There were no distinct clinical prognostic markers of relapse in

either group. Future studies on biological abnormalities, in
particular the subtype of AML, could focus on how these
correlate with age and the risk of relapse.
A total of 273 of the 438 children were treated with

chemotherapy without hematopoietic stem cell transplantation.
There is no consensus of the indication of hematopoietic stem cell
transplantation during CR1, in particular in infants.24 This will
require specific studies on this subject.
Conclusion

In conclusion, infants with AML make up a subgroup of patients
with their own clinical and biological features. They have more
frequent extra-medullary symptoms of AML and had a
significantly higher incidence of CNS involvement, 26% vs
12%, p=0.0005. The cytogenetic abnormalities in infants are
different from those found in older children; the incidence of
KMT2A rearrangements is significantly higher in infants (55% vs
12%). These differences have no significant impact on their OS or
EFS. OS of infants was more than 70% at 5 years in the ELAM02
protocol, comparable to the results obtained for older children.
The primary impact of KMT2A rearrangements on cell
proliferation and maturation requires further studies. These
trials should define new cytogenetic and molecular features for
the definition of subgroups of infants and children instead of only
by age.
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