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ABSTRACT

Breast cancer remains one of the most prevalent and life-threatening cancers worldwide, imposing
significant challenges on healthcare systems due to its complex pathology and increasing incidence.
Early detection and accurate diagnosis are essential for improving patient outcomes; however,
traditional diagnostic methods and conventional artificial intelligence approach often struggle to
identify subtle patterns in heterogeneous medical imaging data. Although Artificial Intelligence (Al)
and Machine Learning (ML) techniques particularly Convolutional Neural Networks (CNNs)—have
improved medical image analysis, they typically require large labeled datasets, ate sensitive to data
imbalance, and may exhibit limited generalizability across diverse imaging modalities. This research
investigates the use of Large Language Model (LLM)—driven embedding techniques for breast
cancer image classification and diagnostic inference. The custom-developed framework was
evaluated using a real-world clinical dataset (CHBD) obtained from a leading oncology treatment
center in Bangalore. The dataset consists of imaging data from 53 patients aged 32-76 years,
comprising 193 multimodal medical images, including mammography (MG), positron emission
tomography (PET), computed tomography (CT), and ultrasound (US) scans. To ensure robustness
and external validity, the CHBD dataset was validated against five public breast imaging
repositories. This cross-dataset evaluation enabled assessment of the proposed model’s ability to
generalize across heterogeneous imaging modalities and dataset characteristics. Given the limited
and imbalanced nature of the real-world dataset, embedding-based feature representations were
employed to capture semantic similarities while reducing overfitting. Experimental results
demonstrate that the LLM embedding—based approach demonstrates consistently stronger diagnostic
stability than conventional CNN architectures, For the CHBD dataset, the proposed model achieved
98.44% diagnostic output consistency, compared with 61.72% obtained using CNN models, with
similar performance trends observed across the public datasets. The findings suggest that
embedding-driven generative Al approaches can support improved breast cancer detection, patient
risk stratification, and personalized treatment planning, while emphasizing the importance of
responsible Al governance for clinical adoption.
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