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Abstract

Recent advancements in the molecular understanding of pediatric brain tumor biology have
significantly contributed to the development of innovative therapeutic strategies aimed at
improving clinical outcomes for affected children. These scientific breakthroughs have facilitated
the identification of specific molecular targets and signaling pathways integral to the
oncogenesis of pediatric brain tumors, thereby enabling the design of targeted therapies that
disrupt these pathogenic processes. Furthermore, the incorporation of immunotherapy and
precision medicine approaches has unveiled novel therapeutic avenues, offering the potential for
more efficacious and less toxic treatment modalities. As research in this domain continues to
progress, these cutting-edge therapeutic interventions are anticipated to enhance survival rates
and improve the quality of life for pediatric patients. This review delineates emerging
interventional treatments in pediatric brain tumor management and examines the persistent
challenges within the field.

Introduction

Pediatric brain tumors represent a significant challenge in oncology, being the leading cause of
cancer-related mortality in children (Miller et al., 2021). Despite advances in surgical techniques,
radiation, and chemotherapy, the prognosis for many pediatric brain tumors remains poor,
necessitating the exploration of novel therapeutic approaches (Kulubya et al., 2022).
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Over the past two decades, strides in the molecular understanding of brain tumor biology have
revolutionized the landscape of treatment strategies. By elucidating the genetic and epigenetic
alterations driving tumorigenesis, researchers have identified distinct molecular targets and
signaling pathways that are crucial in the pathogenesis of these malignancies (Kulubya et al.,
2022). This has facilitated the development of targeted therapies designed to specifically disrupt
oncogenic processes, offering the promise of more precise and less toxic treatment options.

Moreover, Neurosurgical innovations have included the use of laser interstitial thermal therapy,
focused ultrasound and sonographic therapy for treatment of brain tumors. The principles of
these innovative approaches for tissue ablation are well understood from the application of a
heat or waves via radiant light energy, the associated cell death from heating, and advanced
magnetic resonance imaging (MRI) to monitor and guide the ablation. However, initial response
and long-term control for specific tumor types are not well established in the field. Furthermore,
the unique pathologies common to pediatric brain tumors lags behind our adult counterparts in
the extant literature. It is expected for these innovative approaches to play a more significant
role in pediatric neuro-oncology, but if that becomes upfront therapy, limited to recurrent or
residual disease, or in combination with targeted medical therapy to facilitate breaking down the
blood-brain barrier for more efficacious drug deliver remains to be determined.

This chapter aims to explore the latest advancements in molecular targeting and therapeutic
innovations, highlighting their implications for improving survival rates and quality of life in
pediatric patients, while also addressing the ongoing challenges in this rapidly evolving field.

Section snippets

Advancements in the molecular biology of pediatric brain tumors

The 2021 World Health Organization (WHO) classification of central nervous system tumors now
integrates histopathologic and molecular data, reflecting significant advancements in the
molecular characterization of these tumors (Louis et al., 2021). Pediatric low-grade gliomas
(pLGGs) exemplify the forefront of research into brain tumor molecular alterations. They are
increasingly recognized as a “single pathway disease,” primarily driven by genetic changes that
consistently activate the ...

Novel therapeutic approaches in pediatric brain tumors

In recent years, substantial progress has been achieved in the development of therapeutic
compounds, driven by new insights into cellular pathways, oncogenic driver mutations, and
cancer cell mechanisms. These targeted therapies function by either directly inhibiting these
pathways or by activating the immune system to facilitate the destruction of cancer cells. This
category of therapies includes small-molecule inhibitors, monoclonal antibodies, and adoptive
cellular immunotherapy. Table 1, ...
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Laser interstitial thermal therapy for pediatric brain tumors

Laser interstitial thermal therapy (LITT) is a minimally invasive surgical technique for the
ablation of soft tissue. LITT is novel as a neurosurgical technique owing to how it leverages the
principles of laser physics and tissue thermodynamics to achieve targeted tissue ablation guided
by advanced MRI temperature monitoring technology (Chen et al., 2021). There are multiple
platforms for LITT therapy that are FDA cleared to necrotize or coagulate soft tissue in organs of
the human body ...

Convection-enhanced delivery for pediatric brain tumors

Convection-Enhanced Delivery (CED) was first described in the early 1990s by Edward Oldfield
and colleagues at the National Institutes of Health (Bobo et al., 1994). Developed to overcome the
challenges posed by the blood-brain barrier (BBB), CED involves stereotactic placement of one or
more catheters directly into the targeted brain region. These catheters are connected to an
external infusion pump, which creates a pressure gradient to drive the therapeutic infusate into
the extracellular ...

Focused ultrasound (FUS) and sonodynamic therapy in pediatric brain
tumors

Focused ultrasound (FUS) is a non-invasive therapeutic modality that utilizes high-frequency
sound waves to precisely target tissues within the body. Its mechanisms and applications are
diverse, ranging from thermal ablation to mechanical disruption. FUS operates by propagating
ultrasound waves that create alternating cycles of compression and rarefaction within tissues.
When these waves converge at a focal point, they produce a localized increase in energy density,
which can be modulated to ...

Conclusion

The advent of innovative treatments such as LITT, FUS, sonographic therapy, and targeted
therapies, marks a significant advancement in the management of pediatric brain tumors. These
techniques offer promising alternatives to traditional surgery and radiation by providing precise,
minimally invasive options that minimize damage to healthy tissues. LITT employs laser-induced
heat for targeted ablation, FUS utilizes sound waves for both thermal and non-thermal
therapeutic effects, and sonographic ...

Funding

No funding. ...

Conflict of interest

3di5 19/11/2025, 09:08



Emerging interventional treatments in the management of pediatric bra... https://www.sciencedirect.com/science/chapter/bookseries/abs/pii/SO0...

All authors reported no conflict of interest. ...

Volume chapters

References (278)

G. Alencastro Veiga Cruzeiro et al.
Understanding the epigenetic landscape and cellular architecture of childhood brain
tumors

Neurochemistry International (2021)

AJ. Awad et al.
Laser ablation for corpus callosotomy: Systematic review and pooled analysis
Seizure: the Journal of the British Epilepsy Association (2022)

E.R. Blauel et al.
The promise of TRK inhibitors in pediatric cancers with NTRK fusions
Cancer Genetics (2022)

J.V. Cockle et al.
Oncolytic herpes simplex virus inhibits pediatric brain tumor migration and invasion
Molecular Therapy Oncolytics (2017)

J.-W. Cui et al.

Tumor immunotherapy resistance: Revealing the mechanism of PD-1 [ PD-L1-
mediated tumor immune escape

Biomedicine & Pharmacotherapy (2024)

P. Curatolo et al.

Adjunctive everolimus for children and adolescents with treatment-refractory
seizures associated with tuberous sclerosis complex: Post-hoc analysis of the phase 3
EXIST-3 trial

The Lancet Child & Adolescent Health (2018)

F. Despa et al.

The relative thermal stability of tissue macromolecules and cellular structure in burn
injury

Burns: Journal of the International Society for Burn Injuries (2005)

A. Drilon

TRK inhibitors in TRK fusion-positive cancers
Annals of Oncology (2019)

].B. Foster et al.

4di5 19/11/2025. 09:08



Emerging interventional treatments in the management of pediatric bra... https://www.sciencedirect.com/science/chapter/bookseries/abs/pii/SO0...

Translational considerations for immunotherapy clinical trials in pediatric neuro-
oncology
Neoplasia (New York, N.Y.) (2023)

D.N. Franz et al.
Everolimus for subependymal giant cell astrocytoma in patients with tuberous

sclerosis complex: 2-year open-label extension of the randomised EXIST-1 study
The Lancet Oncology (2014)

v | View more references

Cited by (0)

View full text

Copyright © 2025 Published by Elsevier Inc.

o
ELSEVIER

All content on this site: Copyright © 2025 Elsevier BV, its licensors, and contributors. All rights are reserved, including those for text and data mining, Al training, and
similar technologies. For all open access content, the relevant licensing terms apply.

& RELX™

5di5 19/11/2025, 09:0¢



