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Abstract

Brain tumors represent a diverse spectrum of neoplasms with distinct histopathological and
molecular characteristics. The World Health Organization (WHO) 2021 classification integrates
molecular parameters such as IDH mutation status, 1p/19q codeletion, and MGMT promoter
methylation, redefining diagnostic and therapeutic paradigms. Glioblastoma remains the most
aggressive primary brain tumor, with limited prognosis despite maximal safe resection, radiotherapy,
and chemotherapy. Novel approaches, including targeted therapies, tumor-treating fields,
immunotherapies, and liquid biopsies, are advancing the field of neuro-oncology. This review
summarizes current knowledge on epidemiology, classification, clinical manifestations, diagnostic
strategies, and modern treatment approaches.
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Introduction

Primary central nervous system (CNS) tumors account for approximately 1.4% of all cancers
and 2.4% of cancer-related deaths globally. Their impact is disproportionate due to the delicate
intracranial environment, neurological deficits, and limited therapeutic options. Secondary brain tumors,
particularly metastases, are even more common and occur in up to 20-40% of patients with systemic
cancer.

The introduction of molecular diagnostics has transformed the field of neuro-oncology. Unlike
the purely histopathological classifications used in the past, current systems rely on molecular signatures
that have prognostic and therapeutic implications.

Classification of Brain Tumors

WHO 2021 Classification

- Gliomas, glioneuronal, and neuronal tumors: IDH-mutant astrocytomas vs. IDH-wildtype
glioblastomas

- Meningiomas: Now classified with molecular subgroups

- Embryonal tumors: Including medulloblastoma subtypes (WNT-activated, SHH-activated,
group 3, group 4)

- Other rare entities: Pineal tumors, ependymomas with molecular stratification

Table 1. Molecular Markers with Prognostic Value in Brain Tumors

MarkerAssociated Tumor  Prognostic Significance

IDH mutation Astrocytoma, oligodendroglioma  Improved survival

1p/19q codeletion  Oligodendroglioma Favorable prognosis, chemo-sensitive

MGMT promoter methylation Glioblastoma Better response to temozolomide

TERT promoter mutation ~ Glioblastoma Poorer prognosis

Clinical Manifestations

- Raised intracranial pressure: Morning headaches, nausea, vomiting, papilledema

- Focal neurological deficits: Hemiparesis, aphasia, visual field defects
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- Seizures: More common in low-grade gliomas
- Neurocognitive impairment: Executive dysfunction, memory loss
- Endocrine dysfunction: In pituitary adenomas
Diagnostic Approaches
Neuroimaging
- MRI with gadolinium: Gold standard; advanced sequences (perfusion, diffusion, MR
spectroscopy) aid in grading.
- PET imaging: Amino acid PET tracers improve detection of recurrence vs. necrosis.
Liquid Biopsy
- Analysis of circulating tumor DNA (ctDNA) and extracellular vesicles from CSF or plasma
provides non-invasive biomarkers.
Histopathology and Molecular Profiling
- Stereotactic biopsy or resection specimen remains definitive.
- Next-generation sequencing (NGS) enables precise molecular classification.
Treatment Strategies
Surgery
Maximal safe resection is the cornerstone. Awake craniotomy, intraoperative MRI, and
fluorescence-guided surgery (5-ALA) enhance extent of resection.
Radiotherapy
- Fractionated external beam radiotherapy (60 Gy in 30 fractions for glioblastoma)
- Proton therapy and stereotactic radiosurgery for selected cases
Chemotherapy
- Temozolomide: Standard of care with radiotherapy in glioblastoma
- PCV regimen: Used for oligodendrogliomas with 1p/19q codeletion
Targeted and Immunotherapies
- Bevacizumab: Anti-VEGF therapy for recurrent glioblastoma
- Checkpoint inhibitors (nivolumab, pembrolizumab): Under investigation
- CAR-T cell therapy: Promising in early clinical trials
Novel Modalities
- Tumor Treating Fields (TTFs): Alternating electric fields that disrupt mitosis
- Oncolytic viruses: Experimental therapeutic direction
Prognosis and Future Directions
Prognosis varies significantly with molecular subtype. IDH-mutant gliomas show markedly
improved outcomes compared to IDH-wildtype glioblastomas. Integration of precision oncology, Al-
based radiomics, and immunogenomics is expected to redefine future management.
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