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Cancer is one of the most lethal diseases globally due to its aggressive and heterogeneous nature. It
often begins as a small cluster of mutated cells within complex tissue environments, making early diagnosis
challenging. Imagine if a single Magnetic Resonance Imaging (MRI) could predict how a cancer might
behave, guiding treatment decisions before a biopsy is performed, this is the promise of radiomics.

What 1s Radiomics?

Radiomics is an emerging field that uses advanced computational methods to extract quantitative
data from medical images, uncovering patterns invisible to the human eye. Since its introduction in 2012,
radiomics has gained momentum due to advancements in imaging technology and computational power,
enabling more complex analyses of medical data [1].

By quantifying structural information such as shape, texture, and intensity within cancers, radiomics
provides predictive insights into treatment outcomes and genetic profiles. This approach is similar to texture
analysis in agriculture, which assesses the quality of soil or harvests, as it characterizes the "texture" of
cancers to enhance understanding of their properties.

<<Figure 1 - The radiomics workflow>>

Why MRI is Ideal for Radiomics?

MRI is particularly suited for radiomics due to its high soft tissue differentiation, allowing clear
visualization of cancers and their surroundings. Unlike other imaging modalities, MRI uses no radiation,
ensuring patient safety during repeat scans required for ongoing monitoring. Its multi-parametric imaging
capabilities, such as T2-weighted imaging (T2WI), apparent diffusion coefficient (ADC) maps, and multi-
phase contrast-enhanced sequences, provide a comprehensive view of cancer features.

For example, MRI-based radiomic features can differentiate between high-grade and low-grade
cancers in Glioblastoma, offering critical diagnostic insights [2]. These enhanced imaging features facilitate
extracting a wide range of quantitative data, improving cancer characterization and diagnosis in clinical
practice.

Predictive Biomarkers in Cancer Treatment

Predictive biomarkers are vital in cancer treatment as they provide measurable characteristics that
guide therapeutic decisions based on cancer behavior. MRI-based biomarkers identify normal biological
processes, pathogenetic changes, and therapeutic responses. As examples,

e In glioblastoma, MRI features can predict the Isocitrate Dehydrogenase (IDH) mutation status, a

crucial factor in the diagnosis, prognosis, and treatment of gliomas [3].

e In breast cancer, radiomics can predict responses to neoadjuvant chemotherapy [4].



e In non-small cell lung cancer, radiomic biomarkers achieved 87.42% accuracy in predicting
outcomes for patients undergoing immunotherapy [5].

Challenges and Future Directions

Despite its potential, the broad use of MRI-based radiomics faces several challenges. One of the
major issues is the lack of standardization in pre-operative MRI protocols, complicating result comparisons
and model validation. Variations in MRI scanner settings can lead to inconsistent radiomic feature values,
impacting reproducibility. Furthermore, analyzing high dimensional radiomic data requires advanced
computational tools and regulatory hurdles must be addressed for successful clinical implementation [6].

Looking forward, the future of MRI-based radiomics is promising. The research will focus on
incorporating diverse imaging sequences to extract more informative features and improve model stability
[7]. Advancements in data standardization, interpretability of deep learning models, and the development of
user-friendly predictive tools will be essential for clinical acceptance and effective implementation in
oncology practice. As ongoing research addresses current challenges, MRI-based radiomics has immense
potential as a predictive biomarker in cancer, to revolutionize cancer management and improve patient
outcomes.
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