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INTRODUCTION
Leukaemia occurring in the first year of life is a very rare 
disease, with only a few infant cases diagnosed each year in 
specialised paediatric oncological centres. According to the 
Belgian Cancer Registry, the age specific incidence for infant 
leukaemia was 34 per million per year in the period 2004-
2009, and the overall survival (OS) rate for these children 
was 44%.1 It is, however, the third most common cancer in 
infants in Belgium, after neuroblastoma and Central Nervous 
System (CNS) tumours. Half of Belgian infants with leukae-
mia are diagnosed with acute lymphoblastic leukaemia (ALL), 

42% suffer from acute myeloid leukaemia (AML) and the 
remaining cases belong to other rare subtypes of leukaemia, 
such as juvenile myelomonocytic leukaemia.1 There is a slight 
female predominance in this infant disease.2,3 In ALL, the 
lymphoblasts mostly originate from the B-cell line.4 The most 
common French-American-British (FAB) subtypes in infants 
with AML are M4 (acute myelomonocytic leukaemia), M5 
(acute monoblastic leukaemia) and M7 (acute megakaryo-
blastic leukaemia).5,6 
The exact cause of infant leukaemia remains unknown, but 
there are some studies which demonstrate that probably all 

SUMMARY
Infant leukaemia is a rare disease but the 3rd most frequent malignancy in this age group. Both acute lympho-
blastic leukaemia and acute myeloid leukaemia in the first year of life have particular clinical and biological 
characteristics such as B-cell phenotype with co-expression of myeloid markers in acute lymphoblastic 
leukaemia, FAB M5 or M7 in acute myeloid leukaemia, the presence of extramedullary symptoms and a high 
frequency of KMT2A rearrangements. Survival rates for infant acute leukaemia are worse than for older 
children. In this study, the characteristics and outcome of 50 infants with acute lymphoblastic leukaemia and 
acute myeloid leukaemia treated at the University Hospitals of Ghent and Leuven between 1989 and 2015 
were studied and correlated with literature data. With event-free survival and overall survival rates of 44% and 
52% for the entire cohort, the outcome of these patients was comparable to those in published clinical trials. 
In general, the event-free survival and overall survival was superior in acute myeloid leukaemia compared to 
acute lymphoblastic leukaemia infants and not influenced by age (< or ≥6 months), white blood cell count at 
diagnosis or presence of a KMT2A rearrangement. For future trials in infant leukaemia, the high number of 
early deaths, toxic deaths and relapses remain the most challenging problems.
(BELG J HEMATOL 2018;9(2):57-63)
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infant leukaemia’s originate in utero due to prenatal leukae-
mogenic events such as genetic rearrangements.2,7-9 In infant 
leukaemia, the most common genetic rearrangement is the 

mixed lineage leukaemia gene (MLL, also called KMT2A) 
rearrangement which can be found in 75-80% and 50-60% 
of the ALL and AML infants, respectively.3,6,8,10 The most 

TABLE 1. Patient and leukaemia characteristics at diagnosis.

ALL AML P-Value

Total number of patients 25 25

Age (days)

Median (range) 144 (1-366) 193 (1-342) P = 0.530 

<6m 16 (64%) 12 (48%) P = 0.393

6-12m 9 (36%) 13 (52%)

Gender P = 0.769

M 8 (32%) 10 (40%)

F 17 (68%) 15 (60%)

Leukocytes P = 0.004

Median ( x109/L) 178 18.8

Range ( x109/L) 2.41-1 498 2.09-687.08

CNS leukaemia P = 0.156

CNS-1 11 (44%) 17 (68%)

CNS-2 2 (8%) 2 (8%)

CNS-3 9 (36%) 3 (12%)

Unknown 3 (12%) 3 (12%)

ALL type

B-ALL 23 n.a.

T-ALL 1 n.a.

AML FAB class

M5 n.a 13

M7 n.a. 5

MPAL 1 1

M: male; F: female; m: months; CNS-1: no blasts in the CSF and WBC less than 5 WBC/μL; CNS-2: presence of blasts 
but WBC less than 5 WBC/μL; CNS-3: presence of blasts and more than 5 WBC/μL; MPAL: mixed phenotype leukaemia; 
n.a.: not applicable.
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common partner chromosomes for this reciprocal transloca-
tion are chromosome 4, 9 and 19 in ALL, and chromosome 
9, 10 and 19 in AML.2,3,10,11

Compared to older children with acute leukaemia, infants 
suffer from a more severe clinical disease course. Hepato-
splenomegaly, hyperleukocytosis and skin infiltrates, also 
known as leukaemia cutis, are commonly found.3,12 
Whereas infants with AML are treated with the same treat-
ment protocols as older children, there are specific infant ALL 
protocols since + 15 years.13-15 These studies, i.e. Interfant 
99 and Interfant 06, are hybrid treatment protocols with 
elements designed to treat both ALL and AML and to iden-
tify prognostic factors for outcome. Despite the development 
of these improved treatment protocols, infants with ALL 
only have an average survival of 40-50%.10-12 An important 
problem is the fact that despite achieving complete remission 
in the majority of ALL infants, there is a high relapse rate.13,14 
Infants with AML have a similar survival as the older AML 
children, which is between 44-72%. As such, there is a diffe-
rence in prognosis for AML or ALL infants, with AML infants 
having a better prognosis than ALL infants.12 
The most important prognostic factors in infant ALL are 
younger age at diagnosis, high white blood cell (WBC) count, 
invasion of the CNS, presence of KMT2A rearrangements 
and a poor early response to therapy.3,10,13-15 On the contrary, 
prognostic factors for AML infants are not yet defined. 
The aim of this study was to evaluate all infant cases, treated 
for acute leukaemia in the University Hospitals of Ghent and 
Leuven from 1989 to 2015, to get a detailed description of 
this patient population, treatment results and a comparison 
with literature data.

PATIENTS AND METHODS
After approval by the local ethical boards and obtaining  
informed consent, the files from all infant leukaemia patients 
treated either in the University Hospital Gasthuisberg  
Leuven or in the Ghent University Hospital were checked  
for patient and leukaemia characteristics (age, gender, leu-
kaemia type, symptoms, blood and bone marrow results, 
cytogenetic characteristics), response to treatment and out-
come (event-free survival (EFS) and OS). Events were defined 
as early death, no remission (after the induction phase for 
ALL patients, and after two induction courses for AML  
patients), relapse or death in complete remission. 
Over the years, patients were treated according to different 
treatment protocols with EORTC-58881, Interfant 99 and 
Interfant 06 for ALL cases, and EORTC-58921, ELAM02, 
DB AML-01 and NOPHO-DBH AML 2012 for infants with 
AML.14-19

Characteristics in the ALL and in the AML group were com-
pared using a student’s T-test or Fisher’s Exact test with 
P-value=0,05 as level of significance (two-sided). Predictors 
of response at day 8 for ALL infants were evaluated using 
logistic regression analysis. To compare EFS and OS between 
the two leukaemia groups Kaplan-Meier graphs were genera-
ted and a Logrank test was applied to demonstrate possible 
differences in survival between AML and ALL. For estimates 
of EFS, an event was defined as failure to achieve complete 
remission, induction death, relapse, development of a second 
malignancy, or death due to any cause, whichever occurred 
first. EFS was calculated from date of diagnosis to the date 
of first event. OS was calculated from date of diagnosis to 
the date of last follow-up or time of death due to any cause. 

FIGURE 1. Distribution of leukocyte count at diagnosis for infant ALL and AML.
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Predictors of EFS and OS were evaluated by Cox propor- 
tional hazard survival analysis. The statistical analysis was 
done using the program Statistical Package for Social Sciences 
24 (SPSS 24).

RESULTS
In the previous 26 years (1989-2015), 50 infants were treated 
for acute leukaemia in Ghent and Leuven: 25 infants with 
ALL and 25 with AML. All but one ALL patient were of  
precursor-B cell origin and, as expected, 13/25 AML cases 
were FAB M5 and 5/25 FAB M7. One child with mixed  
phenotype acute leukaemia (MPAL) was treated as ALL, and 
one as AML. Two neonates with AML had Down syndrome. 
Other patient and disease characteristics are listed in Table 1. 
The median age at presentation was somewhat younger for 
the ALL group (four months) compared to the AML group 
(six months) and there was a female predominance in both 
groups. The median WBC count at diagnosis was signifi-
cantly higher in ALL than in AML with WBC ranging from 
2.41 to 1498 x109/L in ALL and 2.09 to 687 x109/L in AML 
(p=0.004). Significant differences (p<0.001) in the leuko-
cyte count distribution were observed between ALL and 
AML infants with 19/25 (76%) ALL patients harbouring a 
leukocyte count of more than 50 x109/L. Most of the AML 
infants (21/25, 84%) had a leukocyte count ≤ 50 x109/L 
(Figure 1). Other blood values including thrombocytes,  
haemoglobin and LDH levels, and bone marrow results were 
not significantly different between the two patient groups. 
CNS involvement, i.e. CNS-3 status, was found in one third 
of all ALL patients (36%) whereas this was only the case for 
three AML cases. Hepatomegaly and splenomegaly were 
present in 96% and 88% of infants with ALL, respectively, 
and this was significantly more frequent than in the AML 
group. On the other hand, almost half of AML infants 
(12/25) presented with leukaemia cutis. 
Cytogenetic and molecular characteristics were studied by 
karyotyping, Fluorescence In Situ Hybridisation (FISH) and 

Polymerase Chain Reaction (PCR), but FISH and PCR results 
were frequently lacking in the first decade of the study period. 
The PCR technique to detect a KMT2A rearrangement is 
used since the second half of the nineties. Nowadays a  
multiplex PCR is performed, where various targets can be 
examined simultaneously.
Of the 50 infants with acute leukaemia, 28 had a KMT2A 
rearrangement: 16/25 (64%) ALL patients and 12/25 (48%) 
AML patients (Table 2). There was no statistical significant 
difference (p=0.254) in the presence of a KMT2A rearran- 
gement between the two patient groups, although we did  
observe this genetic abnormality more frequently in ALL  
infants. The respective partner chromosomes are shown in 
Table 3: chromosome 4 and chromosome 9 were the most 
frequent partner chromosome in ALL and AML cases, res-
pectively. Of the thirteen AML patients without a KMT2A 
rearrangement, five had a normal karyotype, four had a 
translocation t(1;22), two had a complex karyotype, one had 
a deletion of chromosome 11 and one patient had a translo-
cation t(8;16). Of the nine ALL patients without a KMT2A 
rearrangement, four had a normal karyotype and four had a 
complex karyotype. One infant with ALL had a normal 
karyotype at diagnosis, but presented with a KMT2A rear-
rangement with chromosome 9 at relapse. It is possible that 
the KMT2A rearrangement was missed at initial presentation, 
because there was no PCR performed to confirm the results. 
We also investigated the possible relation between early res-
ponse on day 8 in ALL patients, the leukocyte count at diag-
nosis, age at presentation, the presence of a KMT2A gene 
rearrangement and the therapy protocol used. Each of these 
comparisons showed a non-significant result, which could 
be due to the low number of patients.
The 5-year EFS and OS for the total cohort was 44% and 
52%, respectively. As shown in Figure 2, the 5-year EFS was 
higher in infants with AML (50%) than ALL (35%), but not 
significantly different. Remarkably, all events occurred in 
the first three years after diagnosis: twelve events in AML 

TABLE 2. Number of ALL and AML patients harbouring a KMT2A rearrangement.

Leukemia Type Total

ALL n (%) AML n (%)

KMT2A negative 9 (36%) 13 (52%) 22 (44%)

KMT2A positive 16 (64%) 12 (48%) 28 (66%)

Total 25 (100%) 25 (100%) 50 (100%)
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and sixteen events in ALL. There were four very early deaths 
in the AML patients (mostly neonates) and three in the ALL 
group. Five children died of toxicity while being in complete 
remission: a Down syndrome-AML patients had an un- 
expected cardiac arrest and another AML patient died of  
aspergillosis and multiorgan failure. In the ALL group, one 
child died from a pseudomonas sepsis and two from trans-
plant-related toxicity (veno-occlusive disease and adeno- 
virus infection/graft versus host disease, respectively). Three 
of the six relapsed AML patients could be salvaged with  
second line therapy, including hematopoietic stem cell trans-
plantation. From the ten ALL relapses, only one child sur- 
vived. This resulted in a non-significant 5-year OS difference 
(Figure 3, Logrank p=0.179) between the AML patients (64%) 
compared to infants with ALL (40%) in the study cohort. 
Age at diagnosis (0-6 months or 6-12 months), WBC count 
(<50000/µL or ≥ 50000/µL) and presence of a KMT2A rear-
rangement did not influence EFS and OS (data not shown). 

DISCUSSION
Leukaemia in infants is an infrequent but very challenging 
disease because of the high rate of toxic complications and 
relapses. With 50 infants diagnosed in 26 years (1989-2015) 
in two larger Belgian paediatric haemato-oncology centres 
in Belgium, this study confirms the rareness of this disorder. 
Infant ALL with rearranged KMT2A is recognised as a highly 
aggressive leukaemia with high leukocyte count and frequent 
involvement of extramedullary sites at diagnosis.20 As expec-
ted, the median leukocyte count in our population was 
higher in ALL than in AML cases and organomegaly and 
CNS involvement were more frequently found, whereas  

leukaemia cutis was more frequent in the AML cases. Now-
adays, KMT2A rearrangements are found in approximately 
80% of infant ALL but in our series, this was only the case 
for 16/25 (64%) patients, probably because some were mis-
sed in the era when molecular techniques were not yet per-
formed routinely.13

Only one child with infant ALL had a T-cell phenotype and 
this child was almost one year of age at diagnosis. All others 
had B-lineage ALL and frequently expression of myeloid 
markers (data not shown), reflecting the characteristic infant 
ALL phenotype being a very immature precursor-B stage 
with expression of CD34 and CD19 and absence of CD10 
expression. These leukaemia’s seem to arise in an early  
progenitor cell with both B-lymphoid and myeloid characte-
ristics and not fully committed to the lymphoid lineage.20 
Hence, several cases of lineage switch from B-cell lineage  
to monocytic lineage leukaemia have been reported.21 The 
MPAL diagnosis in two infants in our study is probably a 
reflection of this leukaemia originating in a very immature 
progenitor cell. 
Current treatment protocols for infant ALL have incorporated 
chemotherapy usually given to AML patients, but despite 
these modifications, outcome for infant ALL remains poor.13,20 
In comparison to older children with ALL, where EFS rates 
of 80.4-87.2% and OS rates of 91.8-93.5% have been reached 
in recently completed trials, the outcome of ALL infants  
is still lagging behind with EFS and OS remaining at 41.7-
50.9% and 44.8-60.5%, respectively.14,20 The low survival 
rates of the ALL patients in our study is in line with these 
findings. Further intensification of the conventional chemo-
therapeutic drugs with or without hematopoietic stem cell 

FIGURE 3. Overall survival in infant leukaemia.FIGURE 2. Event-free survival in infant leukaemia.
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transplantation is not possible in these already heavily  
treated patients with high incidences of toxic complications. 
Other compounds such as clofarabine, Flt3 inhibitors and 
epigenetic modifiers are candidates for future treatment  
modifications since infant ALL cells are sensitive to purine 
nucleoside analogues, have high expression of wild-type Flt3 
(especially in KMT2A-rearranged cases) and are characterised 
by an aberrant methylated genomic state in genome-wide 
methylation studies.3,20,22,23 Other treatment modalities such 
as immunotherapy with CD19-targeting BiTE antibodies and 
CAR-T therapy are currently in evaluation.20 
On the contrary, the outcome of AML infants is very similar 
to the prognosis of older children with AML.6 Masetti et al. 
published an overview of the outcome of AML patients in 
recent paediatric AML trials and found EFS and OS rates of 
44-72% and 61-76%, respectively, for children up to two 
years of age.24 In our study, an EFS of 51% and an OS of 64% 
was found for infants with AML. This correlates well with the 
outcome of infants in the most recent completed paediatric 
AML trial in Belgium, DB AML-01, in which 16/112 patients 
were diagnosed in the 1st year of life and a 3-year EFS of 48% 
(95%CI 22-70), 3-year cumulative incidence of relapse of 
45% (95%CI 23-75%) and a 3-year OS of 75% (95%CI 46-90) 
was found for infants (personal communication).19 
Four children with AML in our retrospective study died very 
soon after diagnosis, sometimes even before start of chemo-
therapy, due to multiorgan failure, capillary leak or severe 
haemorrhages. Three of these four patients had congenital 

leukaemia and were in poor general condition at birth. The 
optimal choice and dosing of chemotherapy in infants, and 
particularly in neonates, is a recurrent problem.25 Whereas  
it is common practice to reduce doses in infants, there are 
inconsistencies between clinical protocols and also in the 
magnitude of these reductions. The scientific rationale for 
these dose reductions is limited and pharmacokinetic studies 
are scarce. The physiological development of a child, showing 
developmental changes in distribution sites of total body 
water, extracellular water and body fat, the differences in 
avidity for binding to serum proteins and the changes in 
metabolic capacity and renal function during maturation, 
should be taken into account in future protocols designed to 
treat infants.26 

CONCLUSION
ALL and AML is a rare disease in infants with typical 
characteristics and therapeutic challenges. The outcome of 
these children, diagnosed and treated in two larger Belgian 
paediatric haematology-oncology sites, correlates well with 
overall Belgian and literature data. Because of the rarity of 
the disease, intensive treatment schedules and high risk of 
toxic complications, treatment of these cases in experienced 
sites is necessary. Further research for optimal dosing is  
absolutely warranted for future treatment protocols, as well 
as implementation of other modalities such as epigenetic 
treatment and immunotherapy in treatment protocols for 
infant ALL which has a worrisome outcome. 

TABLE 3. KMT2A translocation partners in ALL and AML infants.

Leukemia Type Total

ALL n (%) AML* n (%)

Chromosome 1 1 (6.25%) 1 (9.09) 2 (7.41%)

Chromosome 2 1 (6.25%) 0 (0%) 1 (3.70%)

Chromosome 4 11 (68.75%) 1 (9.09) 12 (44.44%)

Chromosome 9 1 (6.25%) 5 (45.45%) 6 (22.22%)

Chromosome 10 0 (0%) 3 (27.27%) 3 (11.11%)

Chromosome 19 2 (12.5%) 1 (9.09) 3 (11.11%)

Total 16 (100%) 11 (100%) 27 (100%)

*For one patient, the translocation partner was not specified.
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KEY MESSAGES FOR CLINICAL PRACTICE

1 Infant ALL and AML are the 3rd most frequent malignancy in this age category.

2 The outcome of infant ALL is inferior to the outcome of ALL in older age categories, whereas infant AML 
cure rates are comparable to these of older children.

3 Because of the rarity of the disease, the complexity of treatment protocols and clinical management, and 
the high rate of toxic complications, treatment of these patients should be reserved to experienced sites. 

4 For further outcome improvement, particularly in infant ALL, new treatment modalities should be  
incorporated into international treatment protocols. 
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