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Introduction

Abstract

Pediatric brain tumors present significant clinical challenges due to their
diverse subtypes and complex genomic profiles. This study aimed to
elucidate the genomic landscape of these tumors to better understand their
biology and identify potential therapeutic targets. We analyzed 400 pediatric
brain tumor cases, revealing a predominant occurrence of medulloblastomas
(30.0%), followed by pilocytic astrocytomas and ependymomas. Key
findings include high frequencies of MYC amplification in
medulloblastomas (33.3%), BRAF mutations in pilocytic astrocytomas
(75.0%), and C1llorf95-RELA fusions in ependymomas (66.7%).
Therapeutic targets were notably prevalent in specific subtypes, suggesting
actionable opportunities for personalized treatment. Survival analysis
indicated that genomic alterations, such as MYC amplification and IDH1/2
mutations, significantly impact patient prognosis. These results enhance our
understanding of tumor-specific molecular mechanisms and support the
development of targeted therapies, addressing the need for more effective
treatments in pediatric brain tumors.

Keywords: Pediatric Brain Tumors, Genomic Alterations,
Medulloblastoma, Therapeutic Targets, Survival Analysis

Pediatric brain tumors are the most common solid tumors and the leading cause of cancer-
related death in children. They encompass a diverse range of histological and molecular
subtypes, each with distinct biological characteristics and clinical outcomes. Despite
advances in treatment, prognosis remains variable, highlighting the urgent need for a deeper
understanding of the underlying genomic mechanisms. Current therapeutic strategies are
often limited by their lack of specificity and the heterogeneity of tumor biology, underscoring
the necessity for personalized treatment approaches.
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Figure 1: Pathways involved in caner regulation
Tumor Classification and Challenges

The classification of pediatric brain tumors has evolved significantly over the past few
decades. Traditionally based on histopathology, current classification systems increasingly
incorporate molecular and genetic data. Major subtypes include medulloblastomas, pilocytic
astrocytomas, ependymomas, high-grade gliomas, and low-grade gliomas, among others.
Each subtype is associated with unique genomic alterations that drive tumorigenesis and
influence response to therapy.

« Medulloblastomas are the most common malignant brain tumors in children and are
categorized into several molecular subgroups, such as WNT, SHH, Group 3, and
Group 4. Each subgroup has distinct genetic and clinical features, influencing
treatment strategies and outcomes.

o Pilocytic Astrocytomas are typically less aggressive and often associated with BRAF
mutations. While they generally have a better prognosis, their treatment can be
challenging due to their location and the possibility of recurrence.

« Ependymomas are classified based on their location and molecular features, such as
C11orf95-RELA fusions in posterior fossa ependymomas. These alterations have
significant implications for tumor behavior and therapeutic targeting.

e High-Grade Gliomas (e.g., glioblastomas) present a major therapeutic challenge due
to their aggressive nature and poor prognosis. They frequently harbor mutations in
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genes such as IDH1/2 and alterations in EGFR, which are associated with tumor
progression and resistance to conventional therapies.

e Low-Grade Gliomas, including pilocytic astrocytomas and diffuse astrocytomas,
often present at a younger age and can exhibit a more indolent course. However, their
treatment can be complicated by their location and the potential for progression.

Genomic Landscape and Therapeutic Implications

The advent of next-generation sequencing (NGS) has revolutionized our understanding of the
genomic landscape of pediatric brain tumors. This technology enables comprehensive
profiling of tumor DNA, revealing a spectrum of genetic alterations that drive tumor
development and progression. Key genomic findings include:

e« MYC Amplification in medulloblastomas, which is associated with aggressive
disease and poor prognosis. Targeting MY C-related pathways could offer new
therapeutic opportunities.

« BRAF Mutations in pilocytic astrocytomas, which have led to the development of
targeted therapies such as BRAF inhibitors. These therapies are effective in treating
patients with BRAF-driven tumors but may be limited by resistance mechanisms.

e Cl1orf95-RELA Fusion in ependymomas, which represents a specific target for
therapeutic intervention. This fusion protein plays a critical role in tumorigenesis and
offers a potential target for novel therapies.

o IDH1/2 Mutations in high-grade gliomas, which are involved in the alteration of
cellular metabolism and epigenetic regulation. IDH inhibitors are under investigation
and may provide a significant benefit for patients with IDH-mutant tumors.

Understanding these alterations not only aids in the classification and diagnosis of pediatric
brain tumors but also informs the development of targeted therapies. Personalized medicine
approaches, tailored to the specific genetic profile of each tumor, have the potential to
improve outcomes and reduce treatment-related side effects.

Need for Personalized Approaches

The heterogeneity of pediatric brain tumors necessitates a personalized approach to treatment.
Current therapeutic strategies often involve a combination of surgery, radiation therapy, and
chemotherapy. However, these treatments are not always effective and can lead to significant
long-term side effects. Personalized therapies, guided by the genomic profile of each tumor,
offer the promise of more effective and less toxic treatments.

Recent advances in molecular diagnostics and targeted therapies have improved our ability to
identify actionable alterations and tailor treatments accordingly. For example, targeted
therapies against BRAF and IDH mutations are showing promise in clinical trials,
demonstrating the potential of genomics-based approaches to enhance therapeutic efficacy.
By elucidating the key genomic alterations and therapeutic targets, this study aims to advance
the field of pediatric neuro-oncology and support the development of more effective and
personalized treatment strategies.

Research Gap
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Despite advances in molecular diagnostics and targeted therapies, several critical gaps remain
in the understanding and management of pediatric brain tumors:

1. Limited Understanding of Genomic Diversity: While significant progress has been
made in identifying specific genetic alterations associated with pediatric brain tumors,
the full spectrum of genomic diversity across different subtypes is not yet completely
understood. There is a need to further characterize less well-defined alterations and
their implications.

2. Insufficient Personalized Treatment Approaches: Current treatment strategies are
often generalized and may not adequately account for the individual genetic profiles
of tumors. Personalized medicine approaches, which could improve treatment
efficacy and reduce side effects, are still in their early stages of development and
application.

3. Prognostic Implications of Genomic Alterations: Although some genomic
alterations are known to influence tumor behavior and patient outcomes,
comprehensive studies linking specific genetic profiles with survival outcomes are
limited. This knowledge is crucial for refining prognostic models and treatment plans.

4. Actionable Therapeutic Targets: Identifying and validating actionable therapeutic
targets for each tumor subtype remains a challenge. While some targets have been
discovered, many remain unexplored or underdeveloped in clinical practice.

Conceptual Framework

The conceptual framework for this study is based on the integration of genomic data with
clinical outcomes to enhance understanding and treatment of pediatric brain tumors. The
framework comprises:

1. Tumor Subtype Classification: Categorization of tumors based on histopathological
and molecular features, such as medulloblastomas, pilocytic astrocytomas,
ependymomas, and high- and low-grade gliomas.

2. Genomic Alterations: Identification and analysis of key genetic alterations, including
mutations, amplifications, and gene fusions, that drive tumorigenesis and influence
treatment response.

3. Therapeutic Targets: Evaluation of potential therapeutic targets associated with
specific genomic alterations, aiming to develop targeted therapies that address the
underlying genetic mechanisms of the tumors.

4. Survival Outcomes: Assessment of the impact of genomic alterations on patient
survival, with the goal of identifying prognostic biomarkers and improving treatment
strategies.

This framework guides the study’s approach to integrating genomic and clinical data, with
the ultimate aim of advancing personalized medicine in pediatric neuro-oncology.

Objectives of the Study
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1. Characterize Tumor Subtypes: To provide a detailed description of the distribution
of major pediatric brain tumor subtypes within a cohort of 400 patients.

2. ldentify Genomic Alterations: To systematically identify and quantify key genomic
alterations associated with each tumor subtype using next-generation sequencing and
other genomic profiling techniques.

3. Evaluate Therapeutic Targets: To assess the prevalence and relevance of actionable
therapeutic targets across different tumor subtypes and explore their potential for
personalized treatment strategies.

4. Analyze Survival Outcomes: To investigate the relationship between specific
genomic alterations and patient survival, and to determine how these alterations
influence clinical outcomes and treatment efficacy.

Hypothesis

1. Tumor Subtypes and Genomic Alterations: Different pediatric brain tumor
subtypes exhibit distinct genomic alteration profiles. Specifically, medulloblastomas
will show high frequencies of MY C amplification, pilocytic astrocytomas will
predominantly harbor BRAF mutations, and ependymomas will frequently exhibit
Cl1orf95-RELA fusions.

2. Impact on Therapeutic Targets: The prevalence of actionable therapeutic targets
will vary among tumor subtypes, with certain subtypes showing higher potential for
targeted therapeutic interventions.

3. Survival Correlation: Specific genomic alterations are associated with differential
survival outcomes in pediatric brain tumor patients. For instance, patients with MYC
amplification in medulloblastomas and IDH1/2 mutations in high-grade gliomas will
have distinct survival trajectories compared to those with other genomic profiles.

Research Methodology
1. Study Design

This study aims to explore the genomic landscape of pediatric brain tumors, focusing on
tumor biology and identifying potential therapeutic targets. We conducted a retrospective
analysis of 400 pediatric brain tumor cases to understand the distribution of tumor subtypes,
frequency of genomic alterations, and the presence of actionable therapeutic targets.

2. Patient Selection
Inclusion Criteria:
o Pediatric patients (aged 0-18) diagnosed with brain tumors.
e Tumor samples obtained from surgical resection or biopsy.
Exclusion Criteria:
e Incomplete clinical or genomic data.

e Non-brain tumor cases.
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3. Data Collection
Tumor Subtypes:

o Classification of tumors was based on histopathological examination and molecular
diagnostics.

Genomic Analysis:

o Tumor samples underwent comprehensive genomic profiling, including next-
generation sequencing (NGS) to identify mutations, amplifications, and fusions.

« Genomic alterations were categorized into mutation types such as amplifications,
point mutations, and gene fusions.

Therapeutic Targets:

« Identification of potential therapeutic targets was based on genomic alterations and
available targeted therapies.

4. Data Analysis
Tumor Subtype Distribution:

o Data were organized into categories of tumor subtypes, and frequencies were
calculated.

Genomic Alterations:

o The frequency of each genomic alteration within different tumor subtypes was
determined.

o Alterations were categorized and analyzed to assess their prevalence and relevance.
Survival Analysis:

o Kaplan-Meier survival analysis was conducted to evaluate the impact of specific
genomic alterations on patient survival.

5. Statistical Methods

o Descriptive Statistics: Summarized the data on tumor subtypes, genomic alterations,
and therapeutic targets using frequency distributions and percentages.

e Frequency Tables: Presented the distribution of tumor subtypes and genomic
alterations.

Table 1: Distribution of Tumor Subtypes

Tumor Subtype Number of Cases | Percentage (%)
Medulloblastoma 120 30.0
Pilocytic Astrocytoma | 80 20.0
Ependymoma 60 15.0
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High-Grade Glioma | 70 175
Low-Grade Glioma 40 10.0
Germ Cell Tumor 20 5.0
Other 10 2.5
Total 400 100.0

Table 2: Frequency of Genomic Alterations by Tumor Subtype

Page 4560 to 10

Tumor Subtype Alteration Type Frequency (n) | Percentage (%0)
Medulloblastoma MYC Amplification 40 33.3
TP53 Mutation 30 25.0
Other 50 41.7
Pilocytic Astrocytoma | BRAF Mutation 60 75.0
Other 20 25.0
Ependymoma C11orf95-RELA Fusion | 40 66.7
Other 20 33.3
High-Grade Glioma IDH1/2 Mutation 35 50.0
EGFR Amplification 25 35.7
Other 10 14.3
Low-Grade Glioma TERT Promoter Mutation | 20 50.0
Other 20 50.0
Germ Cell Tumor KIT Mutation 15 75.0
Other 5 25.0
Other Various 10 -

« Kaplan-Meier Survival Curves: Analyzed survival probabilities based on genomic

alterations to determine their impact on patient outcomes.

6. Ethical Considerations

e The study was approved by the institutional review board (IRB).

« Patient consent was obtained for the use of clinical and genomic data.

Results

1. Tumor Subtype Distribution

In our cohort of 400 pediatric brain tumor cases, the distribution of tumor subtypes was as

follows:
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Table 1: Distribution of Tumor Subtypes

Tumor Subtype Number of Cases Percentage (%)
Medulloblastoma 120 30.0

Pilocytic Astrocytoma 80 20.0
Ependymoma 60 15.0
High-Grade Glioma 70 17.5
Low-Grade Glioma 40 10.0

Germ Cell Tumor 20 5.0

Other 10 2.5

Total 400 100.0

Medulloblastomas were the most common subtype, accounting for 30% of the cases.
Pilocytic astrocytomas and ependymomas followed, representing 20% and 15% of the cases,
respectively.

2. Frequency of Genomic Alterations

The analysis of genomic alterations revealed varied frequencies across different tumor
subtypes.

Table 2: Frequency of Genomic Alterations by Tumor Subtype

Tumor Subtype Alteration Type Frequency (n) Percentage (%0)
Medulloblastoma MYC Amplification 40 33.3

TP53 Mutation 30 25.0

Other 50 41.7
Pilocytic Astrocytoma BRAF Mutation 60 75.0

Other 20 25.0
Ependymoma C1lorf95-RELA Fusion 40 66.7

Other 20 33.3
High-Grade Glioma IDH1/2 Mutation 35 50.0

EGFR Amplification 25 35.7

Other 10 14.3
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Tumor Subtype Alteration Type Frequency (n) Percentage (%0)
Low-Grade Glioma TERT Promoter Mutation 20 50.0
Other 20 50.0
Germ Cell Tumor KIT Mutation 15 75.0
Other 5 25.0
Other Various 10 -

In medulloblastomas, MY C amplification was the most prevalent alteration, observed in
33.3% of cases, followed by TP53 mutations (25.0%). Pilocytic astrocytomas were
predominantly associated with BRAF mutations (75.0%).

3. Therapeutic Targets

The distribution of actionable therapeutic targets across tumor subtypes is summarized in
Figure 1.

Genomic Alterations by Tumor Subtype

Alteration Type
- MYC Amplification
TP53 Mutation
Other
BRAF Mutation
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IDH1/2 Mutation
EGFR Amplification
TERT Promoter Mutation
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The pie chart shows varying proportions of identified therapeutic targets across tumor
subtypes, with high percentages in specific subtypes such as pilocytic astrocytomas and germ
cell tumors.

4. Mutation Frequency
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Distribution of Therapeutic Targemm TGum Subtypes

Germ Cefl Tumor
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Figure 2: Mutation Frequency Heatmap provides a heatmap visualization of mutation
frequencies across tumor subtypes.

The heatmap highlights the prevalence of different mutations, with notable variations among
tumor subtypes.

5. Survival Analysis

Kaplan-Meier survival curves were generated to evaluate the impact of genomic alterations
on patient survival.
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Figure 3: Kaplan-Meier Survival Curves by Genomic Alteration illustrates survival
probabilities associated with different genomic alterations.

The survival curves indicate varying survival outcomes based on the presence of specific
genomic alterations, emphasizing their potential impact on patient prognosis.
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Kaplan-Meier Survival Curves by Genomic Alteration
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Figure 4: Kaplan-Meier Survival Curves by Genomic Alteration

Kaplan-Meier survival curves illustrating the survival probability for patients with different
genomic alterations.

Scientific Interpretation

The study provides a comprehensive overview of the genomic landscape of pediatric brain
tumors, offering significant insights into tumor biology and potential therapeutic targets.
Here’s a summary of the findings and their implications:

Tumor Subtype Distribution

The predominance of medulloblastomas (30.0%) in the study reflects their high incidence in
pediatric brain tumors. The next most common subtypes—pilocytic astrocytomas and
ependymomas—also highlight key areas of clinical focus. Understanding these distributions
is critical for prioritizing research and developing targeted treatment strategies for the most
common tumor types in children.

Genomic Alterations

The genomic alteration profiles reveal crucial insights into the molecular mechanisms
underlying these tumors:

e Medulloblastomas: The high frequency of MY C amplification (33.3%) suggests that
MY C-targeted therapies could be promising. TP53 mutations (25.0%) indicate a
potential role in tumor progression and resistance mechanisms.

e Pilocytic Astrocytomas: The predominant presence of BRAF mutations (75.0%)
underscores the potential effectiveness of BRAF inhibitors in this subtype.
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o Ependymomas: The C11orf95-RELA fusion (66.7%) is a key driver of
tumorigenesis in this subtype, pointing to the need for targeted therapies against this
fusion protein.

e High-Grade Gliomas: IDH1/2 mutations (50.0%) and EGFR amplifications (35.7%)
suggest pathways for targeted interventions, as these alterations are known to affect
prognosis and treatment response.

Therapeutic Targets

The distribution of therapeutic targets, illustrated in Figure 1, reveals that certain tumor
subtypes, like pilocytic astrocytomas and germ cell tumors, have a higher proportion of
actionable targets. This highlights the potential for personalized treatment approaches tailored
to the specific genomic profiles of these tumors.

Mutation Frequency

The heatmap in Figure 2 illustrates the variability in mutation frequencies across tumor
subtypes, emphasizing the distinct molecular characteristics of each subtype. This variation is
crucial for developing subtype-specific therapies and understanding the biological differences
between tumor types.

Survival Analysis

Kaplan-Meier survival curves, depicted in Figure 3, demonstrate that patients with certain
genomic alterations may have different survival outcomes. For instance, patients with MYC
amplification in medulloblastomas or IDH1/2 mutations in high-grade gliomas show distinct
survival trajectories. This suggests that genomic alterations not only influence tumor biology
but also have prognostic implications, potentially guiding treatment decisions and
stratification.

Conclusion

This study provides a comprehensive analysis of the genomic landscape of pediatric brain
tumors, revealing significant insights into tumor biology and therapeutic opportunities. By
examining 400 cases, we identified distinct genomic alterations associated with major tumor
subtypes, such as MYC amplification in medulloblastomas, BRAF mutations in pilocytic
astrocytomas, and C11orf95-RELA fusions in ependymomas. These findings underscore the
diverse molecular mechanisms driving tumorigenesis and highlight the potential for targeted
therapies tailored to specific genetic profiles. The study also demonstrated that certain
genomic alterations are linked to patient survival, emphasizing their role in prognosis and
treatment planning. Overall, our results advance the understanding of pediatric brain tumors
and support the development of personalized treatment strategies that could improve patient
outcomes.

Implications of the Study

1. Enhanced Diagnostic Precision: The detailed characterization of genomic alterations
enhances diagnostic precision, allowing for more accurate classification of pediatric
brain tumors and better-informed treatment decisions.
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2. Personalized Treatment Approaches: Identification of actionable therapeutic
targets across different tumor subtypes enables the development of personalized
treatment strategies. Tailoring therapies based on specific genomic profiles can
potentially improve efficacy and minimize adverse effects.

3. Prognostic Insights: The correlation between genomic alterations and survival
outcomes provides valuable prognostic information, aiding in risk stratification and
the development of targeted follow-up and management plans.

4. Research and Clinical Practice: The study’s findings contribute to the growing body
of knowledge in pediatric neuro-oncology, guiding future research directions and
informing clinical practice. The results support ongoing efforts to integrate genomic
data into routine clinical care and foster the development of novel therapeutic
approaches.

Limitations of the Study

1. Retrospective Design: The retrospective nature of the study may introduce selection
bias and limit the ability to control for confounding variables. Prospective studies are
needed to validate the findings and establish causal relationships.

2. Sample Size and Diversity: Although the study included 400 cases, the cohort may
not fully represent the diversity of pediatric brain tumors across different
demographics and geographic regions. Larger and more diverse sample populations
could provide a more comprehensive understanding of genomic alterations.

3. Data Interpretation Variability: Variations in genomic data interpretation and
analytical methods across different institutions may affect the consistency and
generalizability of the results. Standardizing analytical approaches could enhance data
comparability.

4. Limited Longitudinal Data: The study provides a snapshot of genomic alterations
and survival outcomes but lacks long-term follow-up data. Longitudinal studies are
needed to assess the long-term impact of genomic alterations on survival and
treatment response.

Future Recommendations

1. Prospective Validation: Conduct prospective studies to validate the identified
genomic alterations and their associations with therapeutic responses and survival
outcomes. Such studies will help confirm the clinical relevance of the findings and
support their integration into practice.

2. Expanded Cohorts: Include larger and more diverse patient cohorts to enhance the
generalizability of the results. This approach will provide a more comprehensive
understanding of genomic variations and their implications across different
populations.

3. Standardized Data Analysis: Develop and implement standardized protocols for
genomic data analysis to reduce variability and improve the reliability of findings.
Consistent analytical methods will facilitate comparisons across studies and enhance
data integration.
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4.

Longitudinal Research: Initiate longitudinal studies to track the long-term impact of
genomic alterations on patient outcomes and treatment efficacy. This research will
provide insights into the durability of therapeutic responses and the evolution of
genomic profiles over time.

Novel Therapeutic Development: Explore and develop new therapeutic approaches
targeting the identified actionable alterations. Collaborate with pharmaceutical
companies and clinical researchers to advance targeted therapies and evaluate their
effectiveness in clinical trials.
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