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Abstract: Pediatric brain tumors represent the most common solid malignancies in children and 

remain a major cause of cancer-related morbidity and mortality in the pediatric population. 

Despite advances in neurosurgical techniques, molecular diagnostics, and adjuvant therapies, 

treatment outcomes remain highly variable depending on tumor type, grade, and anatomical 

location. Recent developments in molecular profiling, intraoperative neuroimaging, and targeted 

therapies have transformed the diagnostic and therapeutic landscape of pediatric neuro-oncology. 

This paper reviews current challenges in the management of pediatric brain tumors, including 

delayed diagnosis, surgical limitations, and treatment-related neurocognitive sequelae, while also 

highlighting recent innovations such as precision medicine, proton beam therapy, and 

neurosurgical navigation systems. Multidisciplinary collaboration and translational research 

remain critical to improving long-term survival and quality of life in affected children. 
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Introduction. Brain tumors are the most common solid tumors in children, accounting for 

approximately 20% of all pediatric cancers. Unlike adult brain tumors, which are predominantly 

meningiomas and glioblastomas, pediatric brain tumors most frequently include 

medulloblastomas, pilocytic astrocytomas, and ependymomas. These tumors not only differ in 

histopathology but also in their molecular and clinical behavior. 

Pediatric neuro-oncology faces unique challenges, as treatment must balance maximal tumor 

control with the preservation of neurodevelopmental outcomes. Advances in neuroimaging, 

molecular diagnostics, and minimally invasive neurosurgical techniques have significantly 

improved early detection and resection strategies. However, the heterogeneity of tumor biology 

and the potential long-term cognitive and endocrine sequelae of radiotherapy and chemotherapy 

necessitate new approaches. 

This review aims to summarize the contemporary challenges and innovations shaping pediatric 

neuro-oncology, with emphasis on diagnostic advances, surgical techniques, and novel adjuvant 

therapies. 

Methods. A structured literature review was conducted using PubMed, Scopus, and Web of 

Science databases, focusing on publications between 2010 and 2025. Search terms included: 

“pediatric brain tumors,” “neuro-oncology innovations,” “molecular diagnostics,” “proton 

therapy,” and “neurosurgical navigation.” Studies were included if they provided clinical, 

molecular, or therapeutic data relevant to pediatric patients. Data were analyzed with particular 

attention to emerging technologies and their impact on survival and quality of life. 
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Results. 1. Current Challenges 

➢ Delayed Diagnosis: Pediatric brain tumors often present with nonspecific symptoms such as 

headache, nausea, or developmental regression, leading to diagnostic delays. 

➢ Surgical Limitations: Tumors located in deep or eloquent brain regions remain difficult to 

resect completely without causing neurological deficits. 

➢ Neurocognitive Sequelae: Radiotherapy and chemotherapy, while effective, often impair 

cognitive development, memory, and endocrine function in survivors. 

2. Innovations in Diagnosis and Surgery 

➢ Molecular Profiling: Recent classification systems now incorporate molecular markers (e.g., 

WNT and SHH subgroups in medulloblastoma), allowing risk-adapted therapy. 

➢ Intraoperative Neuroimaging: Use of intraoperative MRI and fluorescence-guided surgery 

improves the extent of tumor resection. 

➢ Neuro-navigation Systems: Real-time surgical navigation reduces operative morbidity and 

enhances precision. 

3. Advances in Adjuvant Therapy 

➢ Proton Beam Therapy: Offers superior dose distribution compared to conventional 

radiotherapy, reducing damage to surrounding healthy tissue. 

➢ Targeted Therapies and Immunotherapy: Agents directed at specific molecular pathways 

(e.g., BRAF inhibitors in low-grade gliomas) show promising results. 

➢ Personalized Medicine: Genomic sequencing facilitates tailored therapeutic strategies, 

minimizing unnecessary toxicity. 

Conclusion. Pediatric brain tumors continue to pose significant clinical challenges due to their 

biological complexity and the delicate balance required between tumor eradication and 

preservation of neurodevelopment. Nevertheless, remarkable innovations in neurosurgical 

techniques, molecular diagnostics, and precision therapies are reshaping the field of pediatric 

neuro-oncology. Multidisciplinary approaches that integrate neurosurgery, oncology, radiology, 

and rehabilitation are essential to improving survival rates and quality of life for affected 

children. Future progress will depend on continued advances in genomics, targeted therapies, and 

collaborative clinical trials. 
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