Journal of
Neuroinfectious Diseases

ISSN: 2314-7326

Ishita, J Neuroinfect Dis 2025, 16:1

Brain Tumors and Neuro-Oncology: Understanding the Science, Diagnosis

and Treatment

Ishita Desai*
Department of Neuroscience & Microbiology, University of Delhi, India

Introduction

Brain tumors are one of the most challenging and complex medical
conditions, affecting thousands of individuals worldwide each year.
They can arise from different types of brain cells or spread from cancer
elsewhere in the body. Neuro-oncology, a specialized field of medicine,
focuses on the diagnosis and treatment of brain tumors and related
neurological disorders. Advances in medical research have improved
treatment strategies, yet brain tumors remain a significant concern due
to their location, impact on neurological function, and potential for
malignancy. Brain tumors can be classified as benign (non-cancerous) or
malignant (cancerous), with varying degrees of aggressiveness. The most
common types of primary brain tumors include gliomas, meningiomas,
pituitary adenomas, and medulloblastomas. Metastatic brain tumors,
on the other hand, result from cancers originating in other organs, such
as the lungs, breasts, or skin. Despite advancements in medical science,
brain tumors continue to present significant diagnostic and therapeutic
challenges. The causes of brain tumors remain largely unknown,
though genetic factors, radiation exposure, and environmental
influences are believed to contribute to their development. Symptoms
vary depending on the tumor’s location, size, and growth rate, with
common signs including persistent headaches, seizures, memory loss,
and neurological impairments. Diagnosis typically involves advanced
imaging techniques such as MRI and CT scans, along with biopsies
and molecular testing. Treatment options include surgery, radiation
therapy, chemotherapy, targeted therapy, and immunotherapy [1,2]. As
research in neuro-oncology progresses, innovative treatments such as
gene therapy, personalized medicine, and Al-assisted diagnostics are
offering hope for improved patient outcomes. Understanding brain
tumors and advancements in neuro-oncology remains crucial in the
fight against these challenging conditions [3,4].

Types of Brain Tumors

Brain tumors can be broadly classified into two categories: primary
and secondary (metastatic) tumors.

Primary brain tumors: These originate in the brain and can be
benign or malignant. The most common types include:

Gliomas: Tumors that arise from glial cells, which support
nerve cells. Gliomas include astrocytomas, oligodendrogliomas, and
ependymomas.

Meningiomas: Usually benign tumors that develop in the meninges,
the protective layers covering the brain and spinal cord.

Pituitary adenomas: Tumors of the pituitary gland that can affect
hormone production and overall endocrine function.

Medulloblastomas: Malignant tumors commonly found in
children, originating in the cerebellum.

Secondary (Metastatic) Brain Tumors: These are cancers that
originate in other parts of the body, such as the lungs, breasts, or skin,
and spread to the brain. Metastatic tumors are more common than
primary brain tumors and often indicate advanced-stage cancer [5,6].

Causes and Risk Factors

The exact causes of brain tumors remain unclear, but several risk
factors have been identified:

Genetic predisposition: Family history of brain tumors may
increase risk.

Radiation exposure: High doses of ionizing radiation, such as
radiation therapy for other cancers, can increase the likelihood of
tumor development.

Chemical exposure: Certain environmental toxins and chemicals
may contribute to tumor formation.

Age and gender: Some types of brain tumors are more prevalent in
certain age groups and genders.

Weakened immune system: Conditions like HIV/AIDS or organ
transplantation may increase susceptibility to central nervous system
(CNS) lymphomas [7,8].

Symptoms of Brain Tumors

Brain tumor symptoms vary depending on the tumor’s size, type,
and location. Common symptoms include:

Persistent headaches, often worsening in the morning
Seizures and convulsions
Nausea and vomiting
Blurred vision or vision loss
Memory loss and cognitive impairment
Speech difficulties
Weakness or numbness in limbs
Changes in personality and behavior
Diagnosis of Brain Tumors

Accurate diagnosis is crucial for effective treatment. The following
diagnostic techniques are commonly used:
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Neurological examination: Assesses brain function, reflexes,
coordination, and cognitive abilities.

Imaging techniques: MRI (Magnetic Resonance Imaging) and
CT (Computed Tomography) scans provide detailed images of brain
structures and detect abnormalities.

Biopsy: A tissue sample is extracted and analyzed under a
microscope to determine tumor type and grade.

Molecular and genetic testing: Identifies genetic mutations that
may influence treatment options.

Treatment Approaches in Neuro-Oncology

The treatment of brain tumors depends on factors such as tumor
type, location, size, and overall patient health. Common treatment
options include:

Surgery

Surgical removal of the tumor is often the first-line treatment
for accessible tumors. Neurosurgeons aim for maximum resection
while preserving brain function. Minimally invasive techniques, such
as neuro-navigation and intraoperative imaging, enhance surgical
precision.

Radiation Therapy

Radiation therapy uses high-energy beams to destroy tumor cells.
Techniques include:

External beam radiation therapy (EBRT): Targets tumors while
sparing surrounding healthy tissue.

Stereotactic radiosurgery (SRS): A highly precise, focused
radiation technique used for small tumors or residual cells after surgery.

Chemotherapy

Chemotherapy involves drugs that target and kill rapidly dividing
tumor cells. It is often combined with surgery and radiation, particularly
for aggressive tumors. Temozolomide (TMZ) is a commonly used
chemotherapy drug for glioblastomas [9,10].

Targeted Therapy

Unlike traditional chemotherapy, targeted therapy focuses on
specific molecular abnormalities within tumor cells. Drugs such as
bevacizumab (Avastin) inhibit tumor blood vessel growth, slowing
progression.

Immunotherapy

Immunotherapy enhances the bodys immune system to fight
cancer. Research is ongoing to develop vaccines and immune checkpoint
inhibitors tailored to brain tumors.

Tumor-Treating Fields (TTFields)

TTFields are an emerging therapy that uses electric fields to disrupt
cancer cell division. This non-invasive approach is particularly useful
for glioblastoma treatment.

Conclusion

Brain tumors remain a serious medical challenge, but advances
in neuro-oncology are improving diagnosis, treatment, and patient
outcomes. Early detection and a multidisciplinary treatment approach
are crucial in managing these complex conditions. As research
continues, the future of brain tumor treatment holds promise for
more effective, less invasive, and personalized therapies that can
enhance survival rates and quality of life for affected individuals. In
conclusion, while brain tumors remain a major medical challenge, the
future of neuro-oncology holds promise. Through continued research,
technological advancements, and a patient-centered approach, there
is hope for more effective treatments and improved outcomes. With a
dedicated focus on early detection, innovative therapies, and holistic
patient care, the battle against brain tumors continues toward a brighter
and more optimistic future.
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