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The theory focused on in this study is topology, which is called a soft
geometry, a theory that classifies objects by the number of holes without regard to their concrete
shapes. In this study, we call it "hole analysis" [Hidetaka Arimura et al. Medical Imaging and
Information Sciences 2023]. Since lung cancers with EGFR mutations tend to show cavities and bubbles

on images, we hypothesized that the hole analysis would be feasible for detection of EGFR
mutations. In this study, we used Betti number map features to identify image invariant features
corresponding to EGFR mutations and developed a noninvasive image biopsy with the hole analysis. We
demonstrated that the Betti number map features based on topology can detect lung cancer with EGFR
mutations (including subtype classification of Del19/L858R mutations), which is the hypothesis we
proved in this study.
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