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Resumen

Objetivo: determinar la presencia de alteraciones genéticas en vías clave de 
crecimiento y proliferación celular en pacientes pediátricos con gliomas en 
Colombia, mediante hibridación in situ fluorescente (FISH) e inmunohistoquímica.

Metodología: se realizó un estudio observacional descriptivo de una serie de 
casos, conformado por 50 pacientes pediátricos diagnosticados con glioma. 
Sobre tejido tumoral embebido en parafina remanente de los estudios 
diagnósticos, se emplearon microarreglos de tejido y FISH para detectar la 
fusión KIAA1549::BRAF, la deleción de CDKN2A, las amplificaciones de EGFR 
y N-Myc, y la codeleción 1p/19q. La expresión de H3K27me3 se determinó 
mediante inmunohistoquímica. 

Resultados: la edad media al diagnóstico fue de 8,05 años, el 54 % eran niñas, 
el 44 % tenía gliomas de alto grado y el 56 % eran de bajo grado. El 18 % de 
los tumores presentaron alguna de las alteraciones genéticas, siendo la 
más frecuente la fusión KIAA1549::BRAF (12 %). Se detectaron alteraciones 
en la expresión de H3K27me3 (8 %), alteraciones en EGFR (4 %), deleción 
homocigota de CDKN2A (2 %) y pérdida heterocigota de 1p (2 %). No se evidenció  
amplificación de N-Myc en ningún caso.
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Conclusiones: esta metodología resulta útil y de bajo costo para el estudio de 
gliomas pediátricos. Los hallazgos sugieren la presencia de un perfil genético, 
principalmente asociado a gliomas infantiles. Futuras investigaciones deberían 
explorar alteraciones características de gliomas de tipo adulto y paneles de 
estudio de esta naturaleza podrían incorporarse a la práctica de rutina en 
entornos de recursos limitados, con el fin de mejorar la clasificación de los 
gliomas pediátricos y su elección terapéutica.

Palabras clave: glioma; tumores pediátricos; hibridación in situ. 

Abstract

Objective: To determine the presence of genetic alterations in key cell growth 
and proliferation pathways in Colombian pediatric glioma patients using 
fluorescent in situ hybridization (FISH) and immunohistochemistry.

Methodology: This study involved a descriptive observational analysis of a case 
series of 50 pediatric patients diagnosed with glioma. On paraffin-embedded 
tumor tissue remaining from diagnostic studies, tissue microarray techniques 
and FISH were employed to detect KIAA1549::BRAF fusion, CDKN2A deletion, 
EGFR amplification, N-Myc amplification, and 1p/19q codeletion. H3K27me3 
expression was determined by immunohistochemistry.

Results: The mean age at diagnosis was 8.05 years; 54% of patients were 
female, 44% had high-grade gliomas, and 56% had low-grade gliomas. 
Eighteen percent of tumors presented at least one of the studied genetic 
alterations, the most frequent being the KIAA1549::BRAF fusion (12%). 
Alterations in H3K27me3 expression (8%), EGFR alterations (4%), homozygous 
deletion of CDKN2A (2%), and heterozygous loss of 1p (2%) were detected. 
N-Myc amplification was not observed in any case.

Conclusions: This methodology is useful and inexpensive for studying 
pediatric gliomas. These findings suggest the presence of a genetic profile 
primarily associated with childhood gliomas; future research should explore 
genetic alterations characteristic of adult-type gliomas. Study panels of this 
nature could be incorporated into routine practice in resource-limited settings 
to improve the classification of pediatric gliomas and their therapeutic choice.

Keywords: glioma; childhood cancer; in situ hybridization.
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Introduction
Central nervous system (CNS) tumors are the most common 
solid neoplasms in children; among these, childhood gliomas 
stand out for their genetic features and clinical behaviors, 
which differ from those observed in adults (1, 2). The pediatric 
population is divided into three main groups (infants, 
children, and adolescents), each with specific epidemiological 
and pathophysiological characteristics regarding gliomas. 
Molecular analysis is a fundamental tool for classifying and 
selecting targeted therapies (3), although its implementation 
faces challenges in low- and middle-income countries.  
In addition to costs, other barriers include the availability of 
reagents and legislation (4).

The mitogen-activated protein kinase (MAPK), vascular 
endothelial growth factor (VEGF), and PI3K/AKT/mTOR 
pathways are involved in pediatric gliomagenesis (5). 
Relevant biomarkers include the KIAA1549::BRAF fusion, 
which activates the Ras/MAPK pathway due to the loss of 
the autoregulatory domain of BRAF and is predominant in 
pilocytic astrocytomas (6). EGFR and N-Myc amplifications 
have also been linked to the activation of the PI3K/AKT/mTOR 
pathway; these amplifications are typically present in midline 
gliomas and often associated with variants in histone 3 (7, 8). 
Another biomarker is the loss of CDKN2A, which is linked to 
the avoidance of cellular senescence, poor prognosis, and a 
reduced response to therapies (9).

Likewise, 1p/19q codeletion, a characteristic of 
oligodendrogliomas, confers sensitivity to alkylating agents 
and can be observed in adolescents (10). Finally, epigenetic 
changes contribute to the pathogenesis of high-grade gliomas. 
Several types of epigenetic modifications occur, including the 
loss of H3K27me3 (11).

The VEGF pathway, for its part, plays a fundamental role in 
angiogenesis, which is critical for tumor growth and metastasis. 
Elevated VEGF levels have been observed in gliomas, acting as 
tumor biomarkers. Consequently, this pathway has emerged 
as a target for immunotherapy to inhibit tumor growth and 
maintain the integrity and sustained immune function of 
dendritic cells within the tumor microenvironment (12, 13). 

In Colombia, 1,090 new pediatric cancer cases were 
diagnosed between 2022 and 2023. CNS tumors accounted 
for 12.2% of these diagnoses, and 12.78% of these tumors 
lacked a histological diagnosis due to access barriers (14). 

Furthermore, the biological characteristics of this group 
of tumors in Colombia are unknown. This study aims to 
describe and evaluate, using inexpensive techniques, 
some key genetic markers involved in the pathogenesis 
of childhood glioma in a group of pediatric patients.  
The findings from this research could enable the 
implementation of an affordable strategy to improve  
the classification of brain tumors, especially in low- or middle-
income settings.

Methods

Population

From an initial sample of 133 medical records of patients 
diagnosed with glioma at a referral pediatric hospital 
between 2016 and 2020, only cases with available biological 
material (tumor pathology), complete clinical records, 
and diagnostic imaging were selected. Among these,  
50 patients met the inclusion criteria. Their demographic 
and clinical data, tumor location, and general imaging 
features were collected. The histological and immunological 
characteristics were obtained from pathology reports. 
The biological material was independently reviewed by 
pediatric pathologists, who confirmed the diagnosis and 
selected representative tumor areas.

The 2016 and 2021 World Health Organization (WHO) 
classifications of tumors include molecular parameters for 
brain tumor taxonomy. Tumors in this study were classified 
for therapeutic purposes using histology, immuno-
histochemistry, clinical correlation, imaging, and, sometimes, 
available molecular parameters. Consequently, pathology 
reports of these patients were prepared according to the 
2021 WHO classification of tumors, featuring an integrated 
diagnosis in layers, but rarely meeting all essential and 
desirable diagnostic criteria boxes for specific entities.

The biological material (paraffin blocks and slides) from the 
selected cases was reviewed independently by two pediatric 
pathologists, NO and EP. Areas with tumor cellularity 
exceeding 80% were identified for immunohistochemistry 
and molecular cytogenetic studies. As a quality control 
measure, the pathologists verified and confirmed the 
original diagnosis of each case.



M. Guerrero-Criollo et al.

Revista Colombiana de Cancerología 149

Tissue microarray manufacture

The manual construction of paraffin tissue microarrays was 
performed following the manufacturer’s (UNITMA®, Seoul, 
South Korea) recommendations (15). For each patient,  
two tumor cylinders with a diameter of 3 mm were taken 
from the sample blocks. From the microarrays, 4-μm sections 
were obtained on conventional plates for hematoxylin 
staining and loaded plates for immunohistochemistry and 
in situ hybridization.

Immunohistochemistry

H3K27me3 expression was evaluated by immunohisto- 
chemistry using an H3K27me3 antibody (Clone C36B11)  
(Vitro S.A., Seville, Spain) that detects the H3.1 isoform. 
Staining was performed following the manufacturer’s 
instructions (16). Briefly, 3-μm sections were dewaxed and 
hydrated; endogenous peroxidase activity was quenched by 
immersing the slides in 3% hydrogen peroxide.

Antigen retrieval was achieved by immersing the slides 
in boiling citrate buffer (pH 6.0). Nonspecific labeling was 
inhibited, and the slides were incubated with the primary 
antibodies. Amplification was carried out using the Optiview 
system (Roche Basel, Switzerland), followed by staining 
with diaminobenzidine (DAB) and counterstaining with 
hematoxylin.

Fluorescent in situ hybridization on paraffin-
embedded tissue

For the sections obtained on loaded plates, fluorescent 
in situ hybridization (FISH) was performed using probes 
from Cytocell (Cambridge, United Kingdom), following 
the manufacturer’s protocols. The viewing was carried 
out using a Zeiss Axiophot microscope, and the analysis 
was conducted with the LUCIA Cytogenetics® software; 
at least 100 interphase nuclei per slide were evaluated,  
selected at random and without overlap (Table 1). 

Type Name Commercial 
house Characteristics lnterpretation

FISH ProbeFISH Probe BRAF/KIAA1549BRAF/KIAA1549 CytocellCytocell Dual FusionDual Fusion a) An orange signal and a green signal, separated by a a) An orange signal and a green signal, separated by a 
distance greater than the diameter of two or three signals, distance greater than the diameter of two or three signals, 
along with a yellow signal.along with a yellow signal.
b) Presence of three signals of any color and location, b) Presence of three signals of any color and location, 
observed in 20% or more nuclei.observed in 20% or more nuclei.

FISH ProbeFISH Probe N-MYC/LAF4N-MYC/LAF4 CytocellCytocell AmplificationAmplification A ratio greater than 2, observed in 10% of the nuclei.A ratio greater than 2, observed in 10% of the nuclei.

FISH ProbeFISH Probe EGFREGFR//
Chromosome Chromosome 
7 centromere, 7 centromere, 

D7Z1D7Z1

CytocellCytocell AmplificationAmplification A ratio greater than 2, observed in 15% of the nuclei.A ratio greater than 2, observed in 15% of the nuclei.

FISH ProbeFISH Probe CDKN2ACDKN2A//
Chromosome Chromosome 
9 centromere, 9 centromere, 

D9Z3D9Z3

CytocellCytocell DeletionDeletion A ratio lower than 0.5, observed in 40% of the nuclei.A ratio lower than 0.5, observed in 40% of the nuclei.

FISH ProbeFISH Probe TP73/ABL2TP73/ABL2 CytocellCytocell DeletionDeletion A ratio lower than 0.5, observed in 10% of the nuclei.A ratio lower than 0.5, observed in 10% of the nuclei.

FISH ProbeFISH Probe MAN2B1/MAN2B1/
GLTSCR1GLTSCR1

CytocellCytocell DeletionDeletion A ratio lower than 0.5, observed in 10% of the nuclei.A ratio lower than 0.5, observed in 10% of the nuclei.

AntibodyAntibody H3K27me3H3K27me3 Vitro S.AVitro S.A Clone C36B11Clone C36B11 At a dilution of 1:50:At a dilution of 1:50:
a) The antibody remains in at least ≥5% of nuclear staining a) The antibody remains in at least ≥5% of nuclear staining 
in neoplastic cells.in neoplastic cells.
b) Loss of H3K27me3, with absent staining in >95% of b) Loss of H3K27me3, with absent staining in >95% of 
neoplastic cells, while control tissue shows positive neoplastic cells, while control tissue shows positive 
labeling.labeling.

Table 1. Reagents used, commercial source specifications, and interpretation (45, 53–56)
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Technical limitations

This study used archival paraffin-embedded tissue, 
which has inherent limitations in laboratory procedures,  
such as loss of material. Despite standardization, a certain 
proportion of tumor cores was inevitably insufficient,  
non-representative, or lost during the experimental process. 
Nevertheless, complete clinical histories and follow-up 
information were available for all patients, which is a 
strength of this study. As a result, although only 15 cases 
could be fully evaluated at the molecular level, 50 patients 
who met the selection criteria, including the availability of 
tumor pathology material, were ultimately included. 

Statistical analysis

In the univariate analysis, measures of central tendency 
and dispersion were calculated based on whether the data 
followed a normal distribution. Data normality was assessed 
using measures of bias and kurtosis; in statistical tests  
like the Shapiro–Wilk test, 0.05 was the threshold for 
significance.

This research constitutes a pilot study, meeting the criteria 
for a small-scale evaluation of molecular cytogenetic and 
immunohistochemical methods. The main goal was to 
identify genetic glioma patients using low-cost techniques 
like FISH and immunohistochemistry while standardizing 
these methods for their future application in large-scale 
research. 

Ethical considerations

This project complies with international regulations, 
including the Declaration of Helsinki, the ethical guidelines 
for biomedical research developed by the Council for 
International Organizations of Medical Sciences (CIOMS), 
and Resolution 8430 of 1993 issued by the Colombian 
Ministry of Health.

This study is classified as research without risk to patients 
or their families because it is a retrospective study,  
and no intervention or modification of the biological 
variables of participants occurs. This risk is identified 
according to Resolution 8430 of 1993 by the Ministry of 
Health. This study was approved by the Ethics Committee 
of the Fundación Hospital de la Misericordia (HOMI) 

under Minute No. 72 545-22R and received approval from  
the Ethics Committee of the Faculty of Medicine at the 
Universidad Nacional de Colombia. 

Results

Study population

The mean age of the 50 patients in the study was  
8.05 years (SD = 4.94), with 54% female; 68% were between 
2 and 12 years old, 24% were adolescents, and 8% were  
under two years old.

Of the tumors, 70% were located in the supratentorial 
region, predominantly in the temporal lobe (18%),  
24% were cerebellar, and 6% were in the medulla.  
Left laterality was more common (52%), and 46% of the 
patients had compromised midline structures.

Low-grade tumors accounted for 56% (42% grade 1), whereas 
44% were high-grade tumors (30% grade 4). The primary 
histological diagnoses included pilocytic astrocytoma 
(30%) and grade 4 gliomas (28%); 2% of patients had 
type 1 neurofibromatosis, and another 2% had Van Asperen 
syndrome. 

Complete resection was achieved in 22% of patients, partial 
resection (<100%) in 58%, and no surgery was performed 
in 20%. Additionally, 20% of patients received chemotherapy, 
6% received radiotherapy, and 38% underwent combined 
treatments. The 3-year survival rate was 68 %.

Immunohistochemistry and FISH

All alterations were analyzed in 15 patients. In the remaining 
cases, tumor tissue was exhausted or not evaluated in 
one or more experiments. Of the tumors, 18% (9) tested 
positive for at least one of the studied markers, except for 
N-Myc amplification, which was negative in all samples.  
Most positive cases involved patients aged 2 to  
12 years (78%). Regarding histological grade, 67% (6)  
of the tumors were classified as grade I, and the remaining  
33% (3) were classified as grade IV. A summary of the results  
is shown in Figure 1, and the impact of the evaluated 
biomarkers is illustrated in Figure 2.
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Figure 1. Summary of the key features of the 50 patients in this series, including imaging, clinical, and molecular findings, 
as well as treatment and outcomes

Figure 2. Association between the identified biomarkers, their tumor histological grade (according to the 2021  
WHO classification), and prognostic impact
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A.

H3K27me3

H3K27me3 expression was assessed using immunohisto-chemistry in 88% (44) of the samples, revealing three patterns:  
loss of H3K27me3 expression in 5% (2) of the samples, weak H3K27me3 expression in 5% (2), and retained H3K27me3 
expression in 90% (40) (Figure 3).

Figure 3. A) 10X: Positive control. All nuclei in this lesion are positive for H3K27me3, with the diaminobenzidine 
precipitate appearing brown. B) 20X: High-grade glioma with loss of H3K27me3. All nuclei appear blue.

N-Myc

N-Myc amplification was examined in 76% (38/50) of  
the tumors, and it was not detected in any tumor.  
There were no alterations in the LAF4 control region or 
additional clonal lines.

CDKN2A

Loss of CDKN2A was assessed in 64% (32/50) of the tumors. 
One patient with low-grade glioma exhibited a deletion 
of two CDKN2A signals in 100% of the cells studied,  
with no alterations in the CEP9 control locus; this patient 
also presented with the fusion KIAA1549::BRAF (Figure 4).

EGFR

EGFR amplification was evaluated in 68% (34/50) of  
the tumors. One tumor showed amplification in 20% of the 
cells, with five EGFR signals and two from the CEP7 control 
locus.

1p/19q codeletion

Loss of 1p was assessed in 62% (31/50) of the tumors.  
1p/19qcodeletion was not detected in any of these  
tumors. One patient exhibited loss of a TP73 signal in 31% 
of the cells examined, without alterations in the ABL2 
control region. Conversely, deletion of 19q was evaluated 
in 74% (38/50) of the tumors, but no deletions were 
reported. 

KIAA1549::BRAF fusion

The KIAA1549::BRAF fusion was examined in 84% (42/50) 
of the tumors; it was detected in 12% of the evaluated 
tumors. Four of the five tumors with KIAA1549::BRAF fusion 
were grade 1, and one was a grade 4 tumor. The fusion was 
identified as three signals in the nuclei analyzed. In high-
grade gliomas, 150 nuclei were evaluated, while 100 nuclei 
were assessed in other tumors. Eighteen percent of patients 
with this rearrangement were male, with a mean age of 
6.6 years. A significant association was observed between 
fusion and infratentorial tumor location (p = 0.01038). 

B.
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Discussion
Brain tumors are among the leading causes of cancer-
related deaths in Colombian children. According to a 
Colombian health registry, 133 new cases of nervous 
system tumors were reported in children during 2023 (14).  
For successful treatment, having access to a complete 
diagnosis is recommended (17). Molecular tools, moreover, 
enable classification based on specific criteria and 
the optimal use of available treatments (18). Therefore, 
although studying all cases would be ideal, the results  
obtained are valuable. Even though the number of cases 
may seem low for drawing significant conclusions, 
pediatric tumors, if individual diagnoses are considered,  
are rare diseases.

Two similar studies were conducted in South America,  
one in Brazil and the other in Argentina. The Brazilian series 
involved next-generation sequencing (NGS) on a series of  
95 pediatric gliomas. The Argentinian series aimed to identify 
the most common alterations in 102 glioma cases using  
FISH, immunohistochemistry, and Sanger sequencing (19, 20).

The primary conclusion from analyzing these three efforts 
is that molecular analysis is essential for a personalized 

clinical approach. Since resources are limited in low- or 
middle-income countries, using molecular cytogenetics  
and immunohistochemistry helps cut costs and is 
recommended.

The demographic distribution in our study, however, slightly 
differs from the previously mentioned series. For instance, 
the percentage of female patients (54%) was somewhat 
higher than that of males (46%), unlike other studies,  
such as Yang et al., where men predominated (21).  
This difference could be due to our small sample size or 
environmental or genetic factors unique to our population, 
like potential barriers to healthcare access. The mean age 
at diagnosis was 8.05 years, younger than the reported 
age in the Latin American case series of Colli et al. (19). 

Of the tumors, 70% were supratentorial, 24% were 
infratentorial, and 6% were spinal. Low-grade tumors 
accounted for 56% of all tumors, with pilocytic astrocytoma 
being the most common histological diagnosis, present 
in 30% of the patients. These results are similar to 
those reported by Ramirez et al. (22). On the other hand,  
44% of patients had high-grade histology, with grade 4 
being the most prevalent (28%), consistent with other 
series (23).

Figure 4. Molecular evaluation of a low-grade glioma using FISH. A) 40X: Microcystic and hypercellular proliferation with 
uniform cells, lacking atypia, necrosis, or mitosis. Cytogenetic-molecular evaluation by FISH. B) Negative N-Myc amplification. 
C) Positive KIAA1549::BRAF fusion, indicated by the presence of three fluorescence signals. D) Negative EGFR amplification.  
E) CDKN2A deletion, showing the loss of both red signals. F) Negative 1p deletion. G) Negative 19q deletion.
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Clinical perspectives

The critical role of specific biomarkers in the diagnosis, molecular classification, prognosis, and therapeutic decision-
making in pediatric gliomas warrants a detailed review of some key findings from this series. The next section will explore 
the clinical and biological implications of each biomarker, comparing our results with established international literature. 
This discussion aims to evaluate the practical applicability of these markers and refine diagnostic protocols for our local 
context (Table 2). 

Table 2. Overview of the biomarkers evaluated in this study, detailing their histopathological and clinical importance in 
pediatric gliomas (57–63)

Biomarker Histopathological feature Clinical significance

KIAA1549::BRAFKIAA1549::BRAF fusion fusion The The KIAA1549::BRAFKIAA1549::BRAF fusion is a diagnostic criterion  fusion is a diagnostic criterion 
for pilocytic astrocytoma, as established by the for pilocytic astrocytoma, as established by the 
2021 WHO classification. It can be detected using 2021 WHO classification. It can be detected using 
molecular biology and cytogenetic techniques.molecular biology and cytogenetic techniques.

This fusion has been associated with a better This fusion has been associated with a better 
prognosis and enhanced therapeutic response, prognosis and enhanced therapeutic response, 
likely because of MAPK pathway activation that likely because of MAPK pathway activation that 
happens independently of Ras, promoting cellular happens independently of Ras, promoting cellular 
senescence.senescence.

CDKN2A CDKN2A deletiondeletion CDKN2ACDKN2A deletion is a diagnostic marker for high- deletion is a diagnostic marker for high-
grade astrocytomas with pilocytic features. It can be grade astrocytomas with pilocytic features. It can be 
evaluated through immunohistochemistry, molecular evaluated through immunohistochemistry, molecular 
biology, and cytogenetic methods. biology, and cytogenetic methods. 

Loss of Loss of CDKN2ACDKN2A plays a key role in cell cycle  plays a key role in cell cycle 
dysregulation and senescence. It is linked to poor dysregulation and senescence. It is linked to poor 
prognosis and has been reported in patients with prognosis and has been reported in patients with 
prior radiation exposure. The prognostic impact prior radiation exposure. The prognostic impact 
seems to be independent of whether the deletion seems to be independent of whether the deletion 
is heterozygous or homozygous.is heterozygous or homozygous.

EGFREGFR amplification  amplification EGFREGFR amplification serves as a biomarker in pediatric,  amplification serves as a biomarker in pediatric, 
adolescent, and young adult tumors. Its assessment is adolescent, and young adult tumors. Its assessment is 
often linked to other molecular alterations, requiring often linked to other molecular alterations, requiring 
concurrent evaluation of H3 and concurrent evaluation of H3 and IDH1/2IDH1/2 status.   status.  
Its detection is possible via cytogenetic and molecular Its detection is possible via cytogenetic and molecular 
biology techniques.biology techniques.

This amplification is associated with the This amplification is associated with the 
expression of the constitutively active EGFRvIII expression of the constitutively active EGFRvIII 
protein, which lacks proper negative regulation protein, which lacks proper negative regulation 
and enhances PI3K/Akt/mTOR pathway signaling, and enhances PI3K/Akt/mTOR pathway signaling, 
thereby promoting proliferation. It is considered thereby promoting proliferation. It is considered 
an unfavorable biomarker and correlates with an unfavorable biomarker and correlates with 
reduced overall survival. reduced overall survival. EGFREGFR loss, on the  loss, on the 
other hand, may activate the mTORC2 pathway, other hand, may activate the mTORC2 pathway, 
contributing to resistance to contributing to resistance to EGFREGFR-targeted -targeted 
therapies.therapies.

N-MycN-Myc amplification amplification N-Myc N-Myc amplification has been reported in amplification has been reported in 
patients with Li-Fraumeni syndrome and in those  patients with Li-Fraumeni syndrome and in those  
with somatic H3G34 mutations. It can be assessed with somatic H3G34 mutations. It can be assessed 
using cytogenetic and molecular methods.using cytogenetic and molecular methods.

N-MycN-Myc amplification is associated with poor  amplification is associated with poor 
prognosis and more aggressive tumor behavior. prognosis and more aggressive tumor behavior. 
It promotes tumor initiation, progression, It promotes tumor initiation, progression, 
recurrence, and maintenance by impairing recurrence, and maintenance by impairing 
apoptotic pathways. This alteration is often linked apoptotic pathways. This alteration is often linked 
to chromosomal instability.to chromosomal instability.

1p/19q codeletion1p/19q codeletion The 1p/19q codeletion is used as a diagnostic marker The 1p/19q codeletion is used as a diagnostic marker 
for oligodendrogliomas and oligoastrocytomas. It is for oligodendrogliomas and oligoastrocytomas. It is 
detectable using cytogenetic and molecular biology detectable using cytogenetic and molecular biology 
techniques.techniques.

This codeletion is linked to metabolic changes that This codeletion is linked to metabolic changes that 
directly influence the tumor microenvironment directly influence the tumor microenvironment 
and immune response. In the literature, it has been and immune response. In the literature, it has been 
associated with improved response to alkylating associated with improved response to alkylating 
agents and radiotherapy.agents and radiotherapy.

H3K27me3 statusH3K27me3 status Evaluation of H3K27me3 is crucial for diagnosing Evaluation of H3K27me3 is crucial for diagnosing 
diffuse midline gliomas. Immunohistochemistry diffuse midline gliomas. Immunohistochemistry 
is recommended to assess epigenetic marks such is recommended to assess epigenetic marks such 
as H3K27me3, H3K27M, and H3K27ac, particularly as H3K27me3, H3K27M, and H3K27ac, particularly 
those involving histone 3 alterations at codon 27.  those involving histone 3 alterations at codon 27.  
It can be evaluated through immunohistochemistry It can be evaluated through immunohistochemistry 
and molecular biology methods. and molecular biology methods. 

Loss of H3K27me3 has been extensively studied Loss of H3K27me3 has been extensively studied 
due to its relevance in determining therapeutic due to its relevance in determining therapeutic 
strategies. It affects both the metabolic and strategies. It affects both the metabolic and 
immune phenotypes of tumors and is generally immune phenotypes of tumors and is generally 
linked to poor outcomes. However, the prognostic linked to poor outcomes. However, the prognostic 
significance varies depending on the affected significance varies depending on the affected 
histone isoform: H3.3 (more common, worse histone isoform: H3.3 (more common, worse 
prognosis) or H3.1 (linked to better outcomes).prognosis) or H3.1 (linked to better outcomes).



M. Guerrero-Criollo et al.

Revista Colombiana de Cancerología 155

H3K27me3

Loss of H3K27me3 is the hallmark of altered H3K27 midline 
diffuse glioma, a high-grade diffuse pediatric glioma 
according to the 2021 WHO classification, regardless of 
histological grade. This tumor is associated with a poor 
prognosis. Analyzing point variants in H3p.K27M, H3p.K27I, 
and/or EGFR, along with methylation profiling, is necessary 
for diagnostic confirmation of this glioma (24, 25). 

In two tumors (5%), the loss of nuclear expression of the 
H3K27me3 isoform H3.1 was observed. This is similar to what 
has been reported in other series, where changes in H3K27 
were more common in the H3.3 isoform, highlighting the 
importance of evaluating both or conducting additional 
studies (26, 27).

One of our patients with altered H3K27me3 H3.1 had a  
low-grade histological tumor, but the patient survived for 
17 months. Alterations in H3.1 are associated with a better 
prognosis than alterations in H3.3 (27). This fact, linked 
to more well-circumscribed tumors, may have facilitated 
successful surgical resection, ultimately improving the 
patient’s overall prognosis (28). We believe it is necessary 
to evaluate H3K27me3 and H3K27M in all midline tumors, 
regardless of histological grade.

N-Myc

Bjerke et al. reported N-Myc amplifications in high-grade 
pediatric gliomas with H3G34 variants, suggesting a potential 
link between H3G34 and alternative mechanisms that drive 
the increase in transcription of this proto-oncogene (29). 
N-Myc amplifications have also been observed in tumors 
with wild-type histone 3 and IDH, which are characterized 
by their low frequency and association with a lower overall 
survival time, close to 14 months (30).

In this case series, no amplification of N-Myc was detected, 
likely because these subtypes are rare, as shown by 
the cohort studies of Mackay et al. (23). In conclusion,  
we believe that testing for this marker is unnecessary in a 
basic molecular biology panel. 

EGFR

EGFR amplification has been reported in high-grade gliomas 
(31). In this case series, an adolescent had amplified 
EGFR in a low-grade glioma with few anaplastic cells.  
Despite resection and chemoradiotherapy, the tumor 
progressed; however, the patient is still alive after 
36 months.

The possibility of a high-grade glioma with intermediate 
features between pediatric and adult subtypes is  
suggested (32). This hypothesis aligns with the findings 
of Korshunov et al. (33), who described a wild-type tumor 
subtype for H3 and IDH1/2, with a methylation profile 
associated with receptor tyrosine kinase (RTK)  
involvement through EGFR gene amplification.  
This subtype is characterized by supratentorial tumors 
of high biological grade, with a median survival of 
44 months. As established by the WHO in 2021, 
evaluating variants in EGFR, IDH1/2, and TERT is 
recommended in brain gliomas (17). Therefore, we believe 
it is advisable to analyze these markers in pediatric 
high-grade gliomas or those featuring unusual behavior. 

1p/19q codeletion

Codeletion of 1p/19q is a hallmark of oligodendroglioma 
and is associated with better survival (10). We did not find 
any oligodendroglioma in this series, which is expected 
since it has been found that tumors with the classical 
histologic appearance of oligodendroglioma in the pediatric 
population do not always harbor 1p19q codeletions (34). 
Conversely, the isolated loss of 1p, whether from its 1p36 
region or the entire short arm, has rarely been described in 
high-grade gliomas in adults or children. In pediatric case 
series, including this one, the loss of 1p has been seen more 
often than the 19q deletion or the 1p/19q codeletion (35).

A tumor with loss of heterozygosity of 1p, without a 19q 
deletion, was identified in a school-aged male with a 
high-grade glioma, confirmed both histologically and 
radiologically. We believe it would be interesting to briefly 
describe this case. The child underwent total tumor 
resection, did not require adjuvant treatment, and was still 
alive at 25 months. His immunophenotype was positive for 
IDH and BRAF V600E. 
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Variants in IDH1/2 are found in up to 20% of adolescents and 
young adults, and their presence in school-aged children, 
such as this patient, is rare (36). These variants have been 
observed in astrocytomas and oligodendrogliomas, mostly 
in the cerebral hemispheres, which makes surgical resection 
easier and improves the prognosis (37).

The BRAF V600E mutation is also one of the more common 
genetic changes in gliomas. Typically, its occurrence is around 
7% in children and 4% in adults. This variant has been found 
in 6 to 15% of pediatric high-grade gliomas, and its prevalence 
decreases with age (38). It should be mandatory to assess this 
mutation in children because it offers therapeutic possibilities.

In this case, the tumor could be an adult-type glioma. 
Molecular studies are recommended since IDH1/2 and BRAF 
V600E are usually exclusive to adult gliomas unless they are 
noncanonical variants (39). In addition, analysis of other 
genes, such as TERT, CDKN2A/B, ATRX, and TP53, is important 
due to their impact on the prognosis and evolution of these 
tumors (17). We do not recommend the analysis of 1p/19q in 
most cases. 

KIAA1549::BRAF fusion

The KIAA1549::BRAF fusion and/or amplification is a driver 
rearrangement for pilocytic astrocytomas (40). In this series, 
12% of the tumors exhibited this alteration; of these, 80% 
showed histological characteristics of low-grade gliomas, 
and 60% met the 2021 WHO criteria for classic pilocytic 
astrocytoma. This finding is consistent with reports where 
this fusion was identified in 60% of low-grade gliomas 
and 75% of pilocytic astrocytomas (41). Sixty percent of 
the patients with the fusion showed no other alterations.  
This group had the longest survival in the entire series 
(67.6 months), representing the longest survival reported in 
this study. This aligns with studies demonstrating that the 
positive regulation of the MAPK pathway associated with 
the KIAA1549::BRAF fusion can lead to spontaneous arrest of 
some low-grade gliomas (42).

Other rearrangements associated with the KIAA1549::BRAF 
fusion protein have been described in the literature (41). 
In this case series, two patients showed, in addition to 
this fusion, other positive biomarkers; unlike patients with 
only the KIAA1549::BRAF fusion, these patients experienced 
shorter survival times. The presence of additional variants 

contributes to increased intra-tumor heterogeneity,  
which, as reported in the literature, is known to negatively 
affect the efficacy of therapeutic measures (43). 

In this case series, the frequency of fusion in histological 
pilocytic astrocytomas was 27%, similar to what was 
reported in the Moroccan series (44). This variability can 
be attributed to factors such as the number of patients, 
tumor heterogeneity, or differences in morphological 
characterization.

The design of the probe used, together with the established 
cut-off point, should also be considered a possible cause 
of variation in the results (45). In particular, tumors with 
clonal lines that are not representative of the probe cut-
off point were observed in this case series. Therefore, 
reevaluating and potentially lowering the cut-off point 
established in the literature for this test is advisable. 
In such cases, complementary studies with break-apart 
probes for BRAF and/or molecular biology techniques, 
such as reverse transcription-polymerase chain reaction 
(RT‒PCR), are recommended to confirm or rule out the 
presence of this rearrangement. We strongly recommend 
analyzing KIIA1549::BRAF in pediatric glioma. 

CDKN2A

A case of an infratentorial glioma classified as pilocytic 
astrocytoma, presenting a KIAA1549::BRAF fusion and 
a homozygous deletion of CDKN2A, was reported in a  
school-aged boy. Survival was only one month after 
diagnosis. The patient had an ependymoma years before  
the pilocytic astrocytoma, which was successfully treated  
with radiotherapy. In this case, we consider that this  
tumor could be a radiation-induced second tumor (46). 

The deletion of CDKN2A has been associated with poor 
prognosis in patients with secondary gliomas (9). In primary 
low-grade tumors, a statistically significant relationship 
between this deletion and overall survival has not been  
found (47). This finding could indicate that CDKN2A 
deletion does not act as an independent factor for poor  
prognosis (48). 

This case may indicate a high-grade astrocytoma with piloid 
characteristics according to the 2021 WHO criteria. It would be 
advisable to verify the deletion of CDKN2A using molecular 
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biology techniques. Furthermore, it would be relevant 
to analyze deletions of CDKN2B, amplifications of CDK4, 
or variations in ATRX (17). Finally, methylation profile analysis 
is required to confirm high-grade astrocytomas with piloid 
characteristics. We would recommend implementing this 
marker in the panel and using it in secondary gliomas, which 
are increasingly common.

EGFR

A case of malignant astrocytoma grade IV was identified 
in a school-aged child. The tumor tested positive for 
BRAF V600E in immunostaining, and a KIAA1549::BRAF 
fusion was detected. Two clonal lines were observed:  
one with a heterozygous deletion of EGFR and another with 
a homozygous deletion of the same gene (12% and 15% of 
the cells studied, respectively).

The KIAA1549::BRAF fusion is rare in high-grade gliomas. 
Antonelli et al. (49) associated this finding with longer-than-
expected survival. The observed alterations compromise 
chromosome 7, which is frequently seen in adult-type 
gliomas (50). Giunti et al. (51) analyzed the complete genome 
of pediatric high-grade gliomas and reported that genomic 
imbalance was associated with tumor progression. In this 
series, one patient presented alterations similar to those 
described by these researchers. These findings suggest that 
this glioblastoma could be a high-grade adult-type glioma. 
Therefore, as mentioned before, studying EGFR, IDH1/2,  
and alterations in ATRX and TP53 is recommended (52).

The small size of the series and the limited choice of  
markers do not allow for inferring a comprehensive 
pattern of genetic damage. However, we believe that,  
in general, these results show a similar pattern to what has 
been reported worldwide, in the sense that most pediatric 
gliomas are low-grade tumors, with pilocytic astrocytoma 
being the most common, with the KIAA1549::BRAF alteration 
being the most frequent genetic change. Additionally,  
we believe that finding alterations typical of adult gliomas 
requires evaluating the most important adult glioma 
markers in pediatric panels, such as IDH1/2, ATRX, EGFR, TP53,  
and CDKN2A. 

Finally, when analyzing some individual cases from this 
series, we can explain certain clinical facts based on the 
results. We recognize that our hypothesis about particular 
cases can only be verified through molecular analysis. 

Limitations of the study

It is important to acknowledge several limitations of this 
study. First, patient recruitment was limited to a single 
institution, which may affect the generalizability of our 
conclusions and findings. The selection of cases based 
on the availability of archival tumor material could have 
introduced selection bias, and confounding factors related 
to tumor heterogeneity and pre-analytical tissue processing 
could not be fully controlled. 

These limitations are inherent to studies on solid tumors, 
and paraffin-embedded tissue should also be considered 
when interpreting the results. The small sample size limits 
the generalizability of our conclusions, and variability  
in the quality of paraffin wax created challenges during  
the processing of certain samples. 

Data validation remains a significant challenge due to 
the lack of comprehensive, integrated regional databases 
and standardized molecular characterization for these 
tumors. Although initiatives such as the Latin American and  
Caribbean Biobank Network (REBLAC) and various national 
institutions like the Mexican Instituto Nacional de 
Cancerología and the Banco Nacional de Tumores Terry Fox 
in Colombia exist, their fragmented nature hinders effective 
interregional validation and direct comparison of results. 
Consequently, our findings must be interpreted within these 
limitations, highlighting the urgent need for collaborative 
efforts to strengthen and standardize regional tumor 
registries and biobanks.

Based on these findings, future research on pediatric 
gliomas in Colombia should adopt an integrated approach 
that combines clinical, molecular, and advanced imaging 
data, moving beyond simply using techniques like 
next-generation sequencing and methylation profiling. 
Prospective, multicenter studies with long-term follow-up 
are essential to strengthen the links between biomarkers 
and outcomes, and to identify subgroups most likely to 
benefit from targeted therapies. 

Another promising direction is the detailed characterization 
of pediatric tumors that exhibit markers typical of 
adult gliomas, which could improve our understanding 
of their biology and guide personalized treatments. 
Lastly, establishing a national registry that consolidates 
epidemiological, clinical, and molecular data would support 
the development of cost-effective diagnostic strategies 
suitable for resource-limited settings.
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Conclusion

The combination of tissue microarrays, FISH, and 
immunohistochemistry is effective and inexpensive 
and could be used in the diagnosis of pediatric gliomas. 
However, careful selection of the markers to analyze is 
essential.

In this series, low-grade gliomas were the most common, 
with the KIAA1549::BRAF fusion being the predominant 
alteration. This finding emphasizes the importance of 
analyzing this fusion in pediatric pathology. Some tumors 
exhibited adult-type tumor markers, highlighting the need 
to include routine analysis of markers such as IDH1/2, 
ATRX, TERT, CDKN2, and TP53 in children. Although frequent  
midline involvement was observed clinically and 
radiologically, alteration of H3.1 was rare, likely because 
only this isoform was evaluated. We recommend a 
comprehensive analysis of all isoforms.

These findings underscore the need for a comprehensive 
evaluation that combines morphological and molecular 
techniques. Furthermore, this approach paves the way for 
developing targeted therapies and identifying new  
prognostic biomarkers in our country.

References
1.	 Zong H, Verhaak RGW, Canoll P. The cellular origin for malignant 

glioma and prospects for clinical advancements. Expert Rev 
Mol Diagn. 2012;12(4):383–94. https://doi.org/10.1586/erm.12.30

2.	 Johnston WT, Erdmann F, Newton R, Steliarova-Foucher E, 
Schüz J, Roman E. Childhood cancer: Estimating regional and 
global incidence. Cancer Epidemiol. 2021;71:101662. https://doi.
org/10.1016/j.canep.2019.101662

3.	 Funakoshi Y, Hata N, Kuga D, Hatae R, Sangatsuda Y, Fujioka Y,  
et al. Pediatric glioma: An update of diagnosis, biology, 
and treatment. Cancers (Basel). 2021;13(4):1–17. https://doi.
org/10.3390/cancers13040758

4.	 Bhakta N, Force LM, Allemani C, Atun R, Bray F, Coleman MP, 
et al. Childhood cancer burden: a review of global estimates. 
Lancet Oncol. 2019;20(1):e42–53. https://doi.org/10.1016/S1470-
2045(18)30761-7

5.	 Blionas A, Giakoumettis D, Klonou A, Neromyliotis E, Karydakis P,  
Themistocleous MS. Paediatric gliomas: diagnosis, molecular 
biology and management. Ann Transl Med. 2018;6(12):251. 
https://doi.org/10.21037/atm.2018.05.11

6.	 Appay R, Fina F, Macagno N, Padovani L, Colin C, Barets D,  
et al. Duplications of KIAA1549 and BRAF screening by Droplet 
Digital PCR from formalin-fixed paraffin-embedded DNA is 
an accurate alternative for KIAA1549-BRAF fusion detection 
in pilocytic astrocytomas. Mod Pathol. 2018;31(10):1490–501. 
https://doi.org/10.1038/s41379-018-0050-6

7.	 Sievers P, Sill M, Schrimpf D, Stichel D, Reuss DE, Sturm D, 
et al. A subset of pediatric-type thalamic gliomas share a 
distinct DNA methylation profile, H3K27me3 loss and frequent 
alteration of EGFR. Neuro Oncol. 2021;23(1):34–43. https://doi.
org/10.1093/neuonc/noaa251

8.	 Tauziède-Espariat A, Debily MA, Castel D, Grill J, Puget S, Roux A, 
et al. The pediatric supratentorial MYCN-amplified high-grade 
gliomas methylation class presents the same radiological, 
histopathological and molecular features as their pontine 
counterparts. Acta Neuropathol Commun. 2020;8(1):104. 
https://doi.org/10.1186/s40478-020-00974-x

9.	 Mistry M, Zhukova N, Merico D, Rakopoulos P, Krishnatry R,  
Shago M, et al. BRAF mutation and CDKN2A deletion define 
a clinically distinct subgroup of childhood secondary  
high-grade glioma. J Clin Oncol. 2015;33(9):1015–22. https://doi.
org/10.1200/JCO.2014.58.3922

10.	 Pandith AA, Zahoor W, Manzoor U, Nisar S, Guru FR, Naikoo NA,  
et al. Evaluation of chromosome 1p/19q deletion by 
Fluorescence in Situ Hybridization (FISH) as prognostic 
factors in malignant glioma patients on treatment with 
alkylating chemotherapy. Cancer Genet. 2023;278–279:55–61.  
https://doi.org/10.1016/j.cancergen.2023.08.005

11.	 Vallero SG, Bertero L, Morana G, Sciortino P, Bertin D, Mussano A, 
et al. Pediatric diffuse midline glioma H3K27-altered:  
A complex clinical and biological landscape behind a 
neatly defined tumor type. Front Oncol. 2023;12:1082062.  
https://doi.org/10.3389/fonc.2022.1082062

12.	 Seyedmirzaei H, Shobeiri P, Turgut M, Hanaei S, Rezaei N. 
VEGF levels in patients with glioma: a systematic review 
and meta-analysis. Rev Neurosci. 2020;32(2):191–202.  
https://doi.org/10.1515/revneuro-2020-0062

https://doi.org/10.1586/erm.12.30
https://doi.org/10.1016/j.canep.2019.101662
https://doi.org/10.1016/j.canep.2019.101662
https://doi.org/10.3390/cancers13040758
https://doi.org/10.3390/cancers13040758
https://doi.org/10.1016/S1470-2045(18)30761-7
https://doi.org/10.1016/S1470-2045(18)30761-7
https://doi.org/10.21037/atm.2018.05.11
https://doi.org/10.1038/s41379-018-0050-6
https://doi.org/10.1093/neuonc/noaa251
https://doi.org/10.1093/neuonc/noaa251
https://doi.org/10.1186/s40478-020-00974-x
https://doi.org/10.1200/JCO.2014.58.3922
https://doi.org/10.1200/JCO.2014.58.3922
https://doi.org/10.1016/j.cancergen.2023.08.005
https://doi.org/10.3389/fonc.2022.1082062
https://doi.org/10.1515/revneuro-2020-0062


M. Guerrero-Criollo et al.

Revista Colombiana de Cancerología 159

13.	 Frederico SC, Sharma N, Darling C, Taori S, Dubinsky AC,  
Zhang X, et al. Myeloid cells as potential targets for 
immunotherapy in pediatric gliomas. Front Pediatr. 
2024;12:1346493. https://doi.org/10.3389/fped.2024.1346493

14.	 Ministerio de Salud y Protección Social. Situación del cáncer 
en la población pediátrica atendida en el SGSSS de Colombia 
2023. Bogotá; 2023 [cited 2024 Sep 17]. Available from: https://
cuentadealtocosto.org/site/publicaciones/situacion-del-
cancer-en-la-poblacion-pediatrica-atendida-en-el-sgsss-de-
colombia-2021/?1675388137385

15.	 Koo M, Squires JM, Ying D, Huang J. Making a Tissue Microarray. 
In: Yong WH, editor. Biobanking: Methods and Protocols. 
New York: Springer New York; 2019. p. 313–23. https://doi.
org/10.1007/978-1-4939-8935-5_27

16.	 Ammendola S, Caldonazzi N, Simbolo M, Piredda ML, Brunelli M, 
Poliani PL, et al. H3K27me3 immunostaining is diagnostic and 
prognostic in diffuse gliomas with oligodendroglial or mixed 
oligoastrocytic morphology. Virchows Arch. 2021;479(5):987–96. 
https://doi.org/10.1007/s00428-021-03134-1

17.	 Louis DN, Perry A, Wesseling P, Brat DJ, Cree IA, Figarella-Branger D, 
et al. The 2021 WHO classification of tumors of the central 
nervous system: A summary. Neuro Oncol. 2021;23(8):1231–51. 
https://doi.org/10.1093/neuonc/noab106

18.	 AlRayahi J, Alwalid O, Mubarak W, Maaz AUR, Mifsud W. 
Pediatric Brain Tumors in the Molecular Era: Updates for the 
Radiologist. Semin Roentgenol. 2023;58(1):47–66. https://doi.
org/10.1053/j.ro.2022.09.004

19.	 Colli SL, Cardoso N, Massone CA, Cores M, García Lombardi M, 
De Matteo EN, et al. Molecular alterations in the integrated 
diagnosis of pediatric glial and glioneuronal tumors: A single 
center experience. PLoS One. 2022;17(4):e0266466. https://doi.
org/10.1371/journal.pone.0266466

20.	 Cabral de Carvalho Corrêa D, Tesser-Gamba F, Dias Oliveira I,  
Saba da Silva N, Capellano AM, de Seixas Alves MT, et al. 
Gliomas in children and adolescents: investigation of 
molecular alterations with a potential prognostic and 
therapeutic impact. J Cancer Res Clin Oncol. 2022;148(1):107–19. 
https://doi.org/10.1007/s00432-021-03813-1

21.	 Yang W, Cai Y, Chen J, Yang P, Ying Z, Liang Y, et al. Epidemio-
logical characteristics, clinical presentations, and prognoses 
of pediatric brain tumors: Experiences of national center for 
children’s health. Front Oncol. 2023;13:1067858. https://doi.
org/10.3389/fonc.2023.1067858

22.	 Ramirez O, Piedrahita V, Ardila J, Pardo C, Cabrera-Bernal E,  
Lopera J, et al. Primary central nervous system tumors 
survival in children in ten Colombian cities: a VIGICANCER 
report. Front Oncol. 2024;13:1326788. https://doi.org/10.3389/
fonc.2023.1326788

23.	 Mackay A, Burford A, Carvalho D, Izquierdo E, Fazal-Salom J, 
Taylor KR, et al. Integrated molecular meta-analysis of 1,000 
pediatric high-grade and diffuse intrinsic pontine glioma. 
Cancer Cell. 2017;32(4):520–37.e5. https://doi.org/10.1016/j.
ccell.2017.08.017

24.	 Venneti S, Garimella MT, Sullivan LM, Martinez D, Huse JT, 
Heguy A, et al. Evaluation of histone 3 lysine 27 trimethylation 
(H3K27me3) and enhancer of Zest 2 (EZH2) in pediatric glial 
and glioneuronal tumors shows decreased H3K27me3 in H3F3A 
K27M mutant glioblastomas. Brain Pathol. 2013;23(5):558–64. 
https://doi.org/10.1111/bpa.12042

25.	 Mohammad F, Weissmann S, Leblanc B, Pandey DP, Højfeldt JW,  
Comet I, et al. EZH2 is a potential therapeutic target for 
H3K27M-mutant pediatric gliomas. Nat Med. 2017;23(4):483–92. 
https://doi.org/10.1038/nm.4293

26.	 Mosaab A, El-Ayadi M, Khorshed EN, Amer N, Refaat A, 
El-Beltagy M, et al. Histone H3K27M mutation overrides 
histological grading in pediatric gliomas. Sci Rep. 
2020;10(1):8368. https://doi.org/10.1038/s41598-020-65272-x

27.	 Saratsis AM, Knowles T, Petrovic A, Nazarian J. H3K27M mutant 
glioma: Disease definition and biological underpinnings. 
Neuro Oncol. 2024;26(Supplement_2):S92–100. https://doi.
org/10.1093/neuonc/noad164

28.	 Pratt D, Natarajan SK, Banda A, Giannini C, Vats P, Koschmann C,  
et al. Circumscribed/non-diffuse histology confers a better 
prognosis in H3K27M-mutant gliomas. Acta Neuropathol. 
2018;135(2):299–301. https://doi.org/10.1007/s00401-018-1805-3

29.	 Bjerke L, Mackay A, Nandhabalan M, Burford A, Jury A, Popov S,  
et al. Histone H3.3 mutations drive pediatric glioblastoma 
through upregulation of MYCN. Cancer Discov. 2013;3(5):512–9. 
https://doi.org/10.1158/2159-8290.CD-12-0426

30.	 Korshunov A, Capper D, Jones DTW, Leske H, Orr BA,  
Rodriguez FJ, et al. Diffuse hemispheric glioma,  
H3 G34-mutant. In: WHO Classification of Tumours Editorial 
Board, editor. WHO Classification of Tumours Central Nervous 
System Tumours. Lyon (France): International Agency for 
Research on Cancer; 2021. p. 74–6. https://doi.org/10.1093/
neuonc/noab184

https://doi.org/10.3389/fped.2024.1346493
https://cuentadealtocosto.org/site/publicaciones/situacion-del-cancer-en-la-poblacion-pediatrica-atendida-en-el-sgsss-de-colombia-2021/?1675388137385
https://cuentadealtocosto.org/site/publicaciones/situacion-del-cancer-en-la-poblacion-pediatrica-atendida-en-el-sgsss-de-colombia-2021/?1675388137385
https://cuentadealtocosto.org/site/publicaciones/situacion-del-cancer-en-la-poblacion-pediatrica-atendida-en-el-sgsss-de-colombia-2021/?1675388137385
https://cuentadealtocosto.org/site/publicaciones/situacion-del-cancer-en-la-poblacion-pediatrica-atendida-en-el-sgsss-de-colombia-2021/?1675388137385
https://doi.org/10.1007/978-1-4939-8935-5_27
https://doi.org/10.1007/978-1-4939-8935-5_27
https://doi.org/10.1007/s00428-021-03134-1
https://doi.org/10.1093/neuonc/noab106
https://doi.org/10.1053/j.ro.2022.09.004
https://doi.org/10.1053/j.ro.2022.09.004
https://doi.org/10.1371/journal.pone.0266466
https://doi.org/10.1371/journal.pone.0266466
https://doi.org/10.1007/s00432-021-03813-1
https://doi.org/10.3389/fonc.2023.1067858
https://doi.org/10.3389/fonc.2023.1067858
https://doi.org/10.3389/fonc.2023.1326788
https://doi.org/10.3389/fonc.2023.1326788
https://doi.org/10.1016/j.ccell.2017.08.017
https://doi.org/10.1016/j.ccell.2017.08.017
https://doi.org/10.1111/bpa.12042
https://doi.org/10.1038/nm.4293
https://doi.org/10.1038/s41598-020-65272-x
https://doi.org/10.1093/neuonc/noad164
https://doi.org/10.1093/neuonc/noad164
https://doi.org/10.1007/s00401-018-1805-3
https://doi.org/10.1158/2159-8290.CD-12-0426
https://doi.org/10.1093/neuonc/noab184
https://doi.org/10.1093/neuonc/noab184


Revista Colombiana de Cancerología160

31.	 Wang H, Zhang X, Liu J, Chen W, Guo X, Wang Y, et al. Clinical 
roles of EGFR amplification in diffuse gliomas: a real-world 
study using the 2021 WHO classification of CNS tumors. 
Front Neurosci. 2024;18:1308627. https://doi.org/10.3389/
fnins.2024.1308627

32.	 Pereira R, Mackay A, Grabovska Y, Bradley A, Bloom T, Nicoll J,  
et al. The spectrum of IDH- and H3-wildtype high-grade 
glioma subgroups occurring across teenage and young adult 
patient populations. Clin Cancer Res. 2025;31(15):3259–75. 
https://doi.org/10.1158/1078-0432.CCR-24-1256

33.	 Korshunov A, Schrimpf D, Ryzhova M, Sturm D, Chavez L, 
Hovestadt V, et al. H3-/IDH-wild type pediatric glioblastoma 
is comprised of molecularly and prognostically distinct 
subtypes with associated oncogenic drivers. Acta Neuropathol. 
2017;134(3):507–16. https://doi.org/10.1007/s00401-017-1710-1

34.	 Rodriguez FJ, Tihan T, Lin D, McDonald W, Nigro J, Feuerstein B,  
et al. Clinicopathologic features of pediatric oligodendro-
gliomas: A series of 50 patients. Am J Surg Pathol.  
2014;38(8):1058–70. https://doi.org/10.1097/PAS.0000000000000221

35.	 Pollack IF, Finkelstein SD, Burnham J, Hamilton RL, Yates AJ, 
Holmes EJ, et al. Association between chromosome 1p and 
19q loss and outcome in pediatric malignant gliomas: Results 
from the CCG-945 cohort. Pediatr Neurosurg. 2003;39(3):114–21. 
https://doi.org/10.1159/000071647

36.	 Yeo KK, Alexandrescu S, Cotter JA, Vogelzang J, Bhave V, Li MM,  
et al. Multi-institutional study of the frequency, genomic 
landscape, and outcome of IDH-mutant glioma in pediatrics. 
Neuro Oncol. 2023;25(1):199–210. https://doi.org/10.1093/
neuonc/noac132

37.	 Lim-Fat MJ, Cotter JA, Touat M, Vogelzang J, Sousa C, Pisano W,  
et al. A comparative analysis of IDH-mutant glioma in 
pediatric, young adult, and older adult patients. Neuro Oncol. 
2024;26(12):2364–76. https://doi.org/10.1093/neuonc/noae142

38.	 Trinder SM, McKay C, Power P, Topp M, Chan B, Valvi S, et al. 
BRAF-mediated brain tumors in adults and children: A review 
and the Australian and New Zealand experience. Front Oncol. 
2023;13:1154246. https://doi.org/10.3389/fonc.2023.1154246

39.	 Tabouret E, Fina F, Vincentelli F, Nanni I, Figarella-Branger D.  
New IDH1 I113T mutation associated with BRAFV600E  
mutation: New driver of gliomagenesis? J Neurol Sci. 
2014;342(1):204–6. https://doi.org/10.1016/j.jns.2014.05.010

40.	 Patel K, Zhao G, Huang SM, Karakousi T, Nicolaides T, 
Papagiannakopoulos T. LGG-07. Novel CRISPR/Cas9 induced 
KIAA1549:BRAF fusion model for preclinical studies of pediatric 
gliomas. Neuro Oncol. 2022 Jun 1;24(Supplement_1):i88. 
https://doi.org/10.1093/neuonc/noac079.323

41.	 Ryall S, Zapotocky M, Fukuoka K, Nobre L, Guerreiro Stucklin A, 
Bennett J, et al. Integrated molecular and clinical analysis of 
1,000 pediatric low-grade gliomas. Cancer Cell. 2020;37(4):569–
83.e5. https://doi.org/10.1016/j.ccell.2020.03.011

42.	 Srinivasa K, Cross KA, Dahiya S. BRAF Alteration in central and 
peripheral nervous system tumors. Front Oncol. 2020;10:574974. 
https://doi.org/10.3389/fonc.2020.574974

43.	 Comba A, Faisal SM, Varela ML, Hollon T, Al-Holou WN, 
Umemura Y, et al. Uncovering spatiotemporal heterogeneity 
of high-grade gliomas: From disease biology to therapeutic 
implications. Front Oncol. 2021;11:703764. https://doi.
org/10.3389/fonc.2021.703764

44.	 Hennani S, Dehbi H, Nadifi S, Karkouri M. Detection of KIAA1549/
BRAF fusion in Moroccan patients with pediatric low-grade 
gliomas. Gene Rep. 2020;19:100634. https://doi.org/10.1016/j.
genrep.2020.100634

45.	 Yamashita S, Takeshima H, Matsumoto F, Yamasaki K, 
Fukushima T, Sakoda H, et al. Detection of the KIAA1549-BRAF 
fusion gene in cells forming microvascular proliferations in 
pilocytic astrocytoma. PLoS One. 2019;14(7):e0220146. https://
doi.org/10.1371/journal.pone.0220146

46.	 Umehara T, Arita H, Miya F, Achiha T, Shofuda T, Yoshioka E,  
et al. Revisiting the definition of glioma recurrence based on a 
phylogenetic investigation of primary and re-emerging tumor 
samples: a case report. Brain Tumor Pathol. 2022;39(4):218–24. 
https://doi.org/10.1007/s10014-022-00438-1

47.	 Horbinski C, Nikiforova MN, Hagenkord JM, Hamilton RL,  
Pollack IF. Interplay among BRAF, p16, p53, and MIB1 in  
pediatric low-grade gliomas. Neuro Oncol. 2012;14(6):777–89. 
https://doi.org/10.1093/neuonc/nos077

48.	 Lee SH, Kim TG, Ryu KH, Kim SH, Kim YZ. CDKN2A 
homozygous deletion is a stronger predictor of outcome 
than IDH1/2-mutation in CNS WHO Grade 4 gliomas. 
Biomedicines. 2024;12(10):2256. https://doi.org/10.3390/
biomedicines12102256

https://doi.org/10.3389/fnins.2024.1308627
https://doi.org/10.3389/fnins.2024.1308627
https://doi.org/10.1158/1078-0432.CCR-24-1256
https://doi.org/10.1007/s00401-017-1710-1
https://doi.org/10.1097/PAS.0000000000000221
https://doi.org/10.1159/000071647
https://doi.org/10.1093/neuonc/noac132
https://doi.org/10.1093/neuonc/noac132
https://doi.org/10.1093/neuonc/noae142
https://doi.org/10.3389/fonc.2023.1154246
https://doi.org/10.1016/j.jns.2014.05.010
https://doi.org/10.1093/neuonc/noac079.323
https://doi.org/10.1016/j.ccell.2020.03.011
https://doi.org/10.3389/fonc.2020.574974
https://doi.org/10.3389/fonc.2021.703764
https://doi.org/10.3389/fonc.2021.703764
https://doi.org/10.1016/j.genrep.2020.100634
https://doi.org/10.1016/j.genrep.2020.100634
https://doi.org/10.1371/journal.pone.0220146
https://doi.org/10.1371/journal.pone.0220146
https://doi.org/10.1007/s10014-022-00438-1
https://doi.org/10.1093/neuonc/nos077
https://doi.org/10.3390/biomedicines12102256
https://doi.org/10.3390/biomedicines12102256


M. Guerrero-Criollo et al.

Revista Colombiana de Cancerología 161

49.	 Antonelli M, Badiali M, Moi L, Buttarelli FR, Baldi C, Massimino M,  
et al. KIAA1549:BRAF fusion gene in pediatric brain tumors of 
various histogenesis. Pediatr Blood Cancer. 2015;62(4):724–7. 
https://doi.org/10.1002/pbc.25272

50.	 Villani V, Casini B, Tanzilli A, Lecce M, Rasile F, Telera S, et al. 
The Glioma-IRE project − Molecular profiling in patients 
with glioma: steps toward an individualized diagnostic and 
therapeutic approach. J Transl Med. 2023;21(1):215. https://doi.
org/10.1186/s12967-023-04057-y

51.	 Giunti L, Pantaleo M, Sardi I, Provenzano A, Magi A, Cardellicchio S,  
et al. Genome-wide copy number analysis in pediatric 
glioblastoma multiforme. Am J Cancer Res. 2014;4:293–303. 
PMID: 24959384

52.	 Badiali M, Gleize V, Paris S, Moi L, Elhouadani S, Arcella A, 
et al. KIAA1549-BRAF fusions and IDH mutations can coexist 
in diffuse gliomas of adults. Brain Pathol. 2012;22(6):841–7. 
https://doi.org/10.1111/j.1750-3639.2012.00603.x

53.	 Pfister S, Remke M, Benner A, Mendrzyk F, Toedt G, Felsberg J,  
et al. Outcome prediction in pediatric medulloblastoma 
based on DNA copy-number aberrations of chromosomes 
6q and 17q and the MYC and MYCN loci. J Clin Oncol. 
2009;27(10):1627–36. https://doi.org/10.1200/JCO.2008.17.9432

54.	 French PJ, Eoli M, Sepulveda JM, De Heer I, Kros JM,  
Walenkamp A, et al. Defining EGFR amplification status for 
clinical trial inclusion. Neuro Oncol. 2019;21(10):1263–72. 
https://doi.org/10.1093/neuonc/noz096

55.	 Marker DF, Pearce TM. Homozygous deletion of CDKN2A by 
fluorescence in situ hybridization is prognostic in grade 4,  
but not grade 2 or 3, IDH-mutant astrocytomas.  
Acta Neuropathol Commun. 2020;8(1):169. https://doi.
org/10.1186/s40478-020-01044-y

56.	 Pinkham MB, Telford N, Whitfield GA, Colaco RJ, O’Neill F, 
McBain CA. FISHing tips: What every clinician should know 
about 1p19q analysis in gliomas using fluorescence in situ 
hybridisation. Clin Oncol. 2015;27(8):445–53. https://doi.
org/10.1016/j.clon.2015.04.008

57.	 Hawkins C, Walker E, Mohamed N, Zhang C, Jacob K,  
Shirinian M, et al. BRAF-KIAA1549 fusion predicts better  
clinical outcome in pediatric low-grade astrocytoma.  
Clin Cancer Res. 2011;17(14):4790–8. https://doi.org/10.1158/ 
1078-0432.CCR-11-0034 

58.	 Induni S, Soderholm H, Pointer KB. Prognostic factors in 
H3K7M-mutant diffuse midline gliomas. Int J Radiat Oncol Biol 
Phys. 2024;120(2, Supplement):e691. https://doi.org/10.1016/j.
ijrobp.2024.07.1518

59.	 Speirs CK, Simpson JR, Robinson CG, DeWees TA, Tran DD, 
Linette G, et al. Impact of 1p/19q codeletion and histology on 
outcomes of anaplastic gliomas treated with radiation therapy 
and temozolomide. Int J Radiat Oncol Biol Phys. 2015;91(2): 
268–76. https://doi.org/10.1016/j.ijrobp.2014.10.027

60.	 Saadeh Fadi S, Mahfouz Rami, Assi Hazem I. EGFR as a clinical 
marker in glioblastomas and other gliomas. Int J Biol Markers. 
2017;33(1):22–32. https://doi.org/10.5301/ijbm.5000301

61.	 Liu R, Shi P, Wang Z, Yuan C, Cui H. Molecular mechanisms of 
MYCN dysregulation in cancers. Front Oncol. 2021;10:625332. 
https://doi.org/10.3389/fonc.2020.625332

62.	 Hutter S, Bolin S, Weishaupt H, Swartling FJ. Modeling and 
targeting MYC genes in childhood brain tumors. Genes (Basel). 
2017;8(4).107. https://doi.org/10.3390/genes8040107

63.	 Zhuang D, Han T, Guo D, Kong R, Chen S, Dong Y, et al.  
Prevalence and characteristics analysis of CDKN2A/B  
deletion in glioma. J Clin Oncol. 2023;41(16_suppl):e14026. 
https://doi.org/10.1200/JCO.2023.41.16_suppl.e14026

https://doi.org/10.1002/pbc.25272
https://doi.org/10.1186/s12967-023-04057-y
https://doi.org/10.1186/s12967-023-04057-y
https://pubmed.ncbi.nlm.nih.gov/24959384/
https://doi.org/10.1111/j.1750-3639.2012.00603.x
https://doi.org/10.1200/JCO.2008.17.9432
https://doi.org/10.1093/neuonc/noz096
https://doi.org/10.1186/s40478-020-01044-y
https://doi.org/10.1186/s40478-020-01044-y
https://doi.org/10.1016/j.clon.2015.04.008
https://doi.org/10.1016/j.clon.2015.04.008
https://doi.org/10.1158/1078-0432.CCR-11-0034
https://doi.org/10.1158/1078-0432.CCR-11-0034
https://doi.org/10.1016/j.ijrobp.2024.07.1518
https://doi.org/10.1016/j.ijrobp.2024.07.1518
https://doi.org/10.1016/j.ijrobp.2014.10.027
https://doi.org/10.5301/ijbm.5000301
https://doi.org/10.3389/fonc.2020.625332
https://doi.org/10.3390/genes8040107
https://doi.org/10.1200/JCO.2023.41.16_suppl.e14026

