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INTRODUCTION
Neuroimaging plays a pivotal role in the diagnosis, character-
ization, and monitoring of brain tumors. Traditionally, neuro-
imaging techniques such as magnetic resonance imaging (MRI) 
and computed tomography (CT) have been instrumental in vi-
sualizing tumor morphology and assessing treatment response. 
However, recent advancements in neuroimaging technology 
have led to the identification of biomarkers-objective, quanti-
fiable indicators of biological processes-that offer valuable in-
sights into the pathophysiology of brain tumors and guide clin-
ical decision-making. Neuroimaging biomarkers hold promise 
for improving the accuracy of brain tumor diagnosis, predicting 
treatment response, and monitoring disease progression, ush-
ering in a new era of precision medicine in neuro-oncology.

DESCRIPTION
One of the most widely studied neuroimaging biomarkers in 
brain tumor diagnosis is the apparent diffusion coefficient 
(ADC), derived from diffusion-weighted imaging (DWI) on MRI. 
ADC reflects the microscopic mobility of water molecules with-
in tissues and is inversely correlated with tissue cellularity. In 
brain tumors, decreased ADC values are indicative of high cell 
density and tumor aggressiveness, whereas increased ADC val-
ues may suggest necrosis or treatment response. ADC mapping 
allows for noninvasive characterization of tumor histology and 
grade, aiding in differential diagnosis and treatment planning. 
Similarly, perfusion-weighted imaging (PWI) provides valuable 
information about tumor vascularity and blood flow dynamics, 
serving as another important neuroimaging biomarker for brain 
tumor diagnosis and monitoring. PWI parameters such as cere-
bral blood volume (CBV), cerebral blood flow (CBF), and mean 
transit time (MTT) can help differentiate between tumor types, 

assess tumor angiogenesis, and predict treatment response. 
For example, elevated CBV and CBF values are associated with 
high-grade gliomas and tumor recurrence, whereas decreased 
perfusion may indicate treatment response or necrosis.

Furthermore, radiomics-a quantitative analysis of imaging fea-
tures extracted from medical images—has emerged as a prom-
ising approach for identifying imaging biomarkers and predict-
ing clinical outcomes in brain tumors. Radiomic features such 
as shape, texture, and intensity distribution capture spatial and 
morphological heterogeneity within tumors and provide valu-
able prognostic information beyond conventional imaging find-
ings. Machine learning algorithms trained on radiomic data can 
stratify patients into risk groups, predict treatment response, 
and guide personalized treatment decisions in brain tumor 
management. In addition to MRI-based biomarkers, positron 
emission tomography (PET) imaging offers unique insights into 
brain tumor biology and metabolism, particularly through the 
use of radiotracers targeting specific molecular pathways. For 
example, 18F-fluorodeoxyglucose (FDG-PET) measures glucose 
metabolism within tumors and can help differentiate between 
tumor recurrence and treatment-related changes. Other PET 
tracers targeting amino acid transporters (e.g., 18F-fluoroeth-
yl-tyrosine, FET-PET) or somatostatin receptors (e.g., 68Ga-DO-
TATATE PET) provide valuable information about tumor cellu-
larity, proliferation, and receptor expression, guiding treatment 
decisions and predicting patient outcomes [1-4].

CONCLUSION
Neuroimaging biomarkers offer valuable insights into the diag-
nosis, characterization, and monitoring of brain tumors, guid-
ing clinical decision-making and improving patient outcomes. 
From ADC mapping and PWI to MRS and radiomics, a diverse 
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array of neuroimaging techniques provide objective, quantifi-
able measures of tumor biology and treatment response, ush-
ering in a new era of precision medicine in neuro-oncology. By 
harnessing the power of neuroimaging biomarkers, we strive 
to unravel the complexities of brain tumors and optimize thera-
peutic strategies for patients facing these challenging diseases.
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