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• Type I and II mutations are only one part of a more complex scenario. There is also a temporal component to 
leukemogenesis; mutations are associated with age and occur at a particular stage in cell development (Figure 1).

• Rare genetic alterations (<2% of cases), including DEK-NUP214, NUP98 rearrangements (NUP98-r), RBM15-MKL1, 
MYST3-CREBBP, and CBFA2T3-GLIS2 demand to be investigated in large cohorts.

• For many years, the accepted model of leukemogenesis was the “two-hit hypothesis,” which suggested that two 
different types of genetic mutation (type I and II) are required for malignant transformation of a myeloid precursor.

• Recurrent fusion genes are the genetic events associated with pediatric acute myeloid leukemia (AML) and have been 
used for prognostic risk group stratification.

Our aim was to evaluate the association between molecular alterations and clinical-demographic features assessing the 
probability of overall survival (pOS). We also aimed to explore the genetic susceptibility associated with leukemogenesis. 

We will perform exome analyses in order to access germline and somatic variants associated with leukemogenesis in rare 
cases of APL. The identification of genetic subgroups contributes to the molecular epidemiology and biology of AML 
worldwide, reflecting the profile of pediatric AML cases in Brazil. Survival data of pediatric AML subtype in countries of Latin 
America are found rarely in the literature. The inclusion of cytogenetic-molecular markers in the characterization of AML is 
of great predictive value for pOS. 
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Among 1351 patients included in the study, most had ST (n: 907, 67.14%). The median age was 63 years (IQR: 19 - 94) in 
patients with ST and 56 years (IQR: 19-89) in those with HN. Males were predominant (61, 44%) in both groups of 
neoplasms (ST, 62.73% vs. HN, 58.78%). These data are shown in Table 1.

w Not surprising, most of the BSI episodes were acquired during hospitalization.

w BSI secondary to an extravascular focus of infection were more frequent, principally among patients with ST. 

w Primary infections were representative in the BSI episodes occurred among patients with HN, especially those associated 
with long-term central venous catheter.

w Gastrointestinal and respiratory infections were important focus of BSI in this population, suggesting these sites of 
infection should be diagnosed and treated promptly.

w GNB, specifically E. coli, were the most frequent agents detected. This finding is different from other studies showing a 
predominance of Gram-positive agents, such as Coagulase-negative Staphylococcus. We believe this difference can be 
explained by the high frequency of BSI secondary to the abdominal infections found.

w Early mortality (up to 7 days) and late mortality (up to 30 days) were significantly higher in patients with ST.

w The presence of neutropenia was significantly higher among BSI episodes occurred in patients with HN. 

Molecular alterations. Mutations in hotspot regions of RAS pathway affecting genes (class I mutations; FLT3, NRAS, KRAS, 
PTPN11, and KIT) were analyzed by direct sequencing. Briefly, FLT3 mutations were examined at the tyrosine kinase domain 
(TKD) in codon 835 and juxtamembrane domain in exons 11/12 as internal tandem duplications (ITD). NRAS/KRAS status 
was determined by searching mutations in exon 1 (codons 12/13), PTPN11 mutations were screening in exon 3, and KIT 
mutations were identified in exons 8/17.

Statistical Analysis. Statistical analyses were performed taking into account descriptive frequencies of variables in order to 
measure central tendency and/or dispersion. Fisher’s test was applied to compare proportions between subgroups. Mann-
Whitney U test was used for continuous variables. Age strata were considered a categorical variable as three groups: ≤2 
years-old; >2-10 years old and ≥11 years old. The Kaplan-Meier survival analysis was used to calculate the 5-year pOS and 
estimated survival values were compared using the log-rank test. Cox proportional-hazard regression model with an 
estimated hazard ratio (HR) and 95% confidence intervals (CI) were presented.

Patients. We analyzed a cohort of 804 cases of AML (de novo and therapy related cases) <19 years-old referred to the 
Pediatric Hematology-Oncology Research Program, INCA, Rio de Janeiro, between January 1, 2000, and May 31, 2017. 
Cases included were forwarded from Brazilian medical institutions that are reference in oncological care for children with 
leukemia for diagnostic purpose.   

One acute promyelocytic leukemia (APL) patient with a healthy twin sibling, was select for exome sequencing using 
SureSelect��� Target Enrichment kit (Agilent Technologies) to assess genetic variants associated with predisposition to 
leukemia development.  

Fusion genes (class II mutations) associated with pediatric AML were screened by RT-PCR and/or FISH [MLL/KMT2A 
rearrangements (KMT2A-r), RUNX1-RUNX1T1, CBFb-MYH11, PML-RARa, NUP98-r, CBFA2T3-GLIS2, MYST3-CREBBP, and 
RBM15-MKL1]. 

Treatment. Patients were not formally enrolled in treatment protocols but received homogeneous treatment following 
international consensus guidelines on AML treatment, with two different induction regimens using cytarabine, idarubicin, 
and etoposide as the BFM-AML protocol. 
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Figure 1. Timeline with the most frequent fusion genes of acute myeloid leukemia in children and adolescents. Fusion genes (first hit) 
are associated with age and may occur before birth or during the first years of life. Secondary mutations are required to overt 
leukemia. 

Table 1. Distribution of molecular alterations in pediatric AML, Brazil, 2000-2017

Table 2. Univariate analysis for overall survival parameters of pediatric AML cases, 2000-2017, Brazil

Figure 3. Characterization 
of therapy-related AML.  

Figure 2. Cooperating of type I and II abnormalities in 
pediatric AML. The circos plot depicts the frequency of 
the Type II mutations (RUNX1-RUNX1T1, CBFb-MYH11, 
KMT2A-r, PML-RARa) and co-occurrence of type I 
mutations (FLT3, KRAS, NRAS, KIT, PTPN11) in patients 
with AML. The length of the arch corresponds to the 
frequency of the type II mutation and the width of the 
ribbon with the percentage of patients with a specific 
type I mutation or a combination of type I mutations.
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