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ABSTRACT

Lung cancer remains the leading global cause of cancer mortality in the world with 2.5 million new
cases and over 1.8 million deaths reported worldwide in recent estimates (2022-2025) and increasing
incidence in low- to middle-income countries since 1990, where early and accurate diagnosis is
essential to improve patient outcomes. Low-dose computed tomography (LDCT) screening saves
lives by up to 20% yet is constrained by high false positive rates (10-23%), radiation exposure,
overdiagnosis, and lack of scalability, especially in resource-limited environments. This research
proposes a novel approach to deep learning-based early lung cancer prediction, using
symptom-based graph attention networks (GATs), graph learning via metabolomics-weighted
pathway scoring, and CT image ensembles. The model uses graph-based learning with attention
mechanisms, pathway-aware metabolomics analysis, and image-based deep learning to improve the
accuracy of early prediction and provide biological interpretability across heterogeneous biomedical
data sources. The new methodology has the potential to fill current gaps in the literature, as it enables
the interpretation of clinical, metabolomic, and imaging data, outperforming existing state-of-the-art
techniques. Even though issues like a scarcity of data on rare subtypes are still present, such
limitations will be overcome in future research due to the use of federated learning and

multi-institutional validation to enhance the generalizability and robustness even more.
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