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a

b

c
512 pixels
(256 μm)

Figure 1. Process of acquiring annotated ROIs. a) Purely graded regions of Gleason 3, 4, and 5 are manually
circumscribed (shown in green) by an expert genitourinary pathologist. A rectangle (in yellow) is extracted from each purely
graded region manually. b) The extracted regions are automatically segmented into 512x512 pixel regions (indicated by the
grid overlay). Regions that do not match this dimensional requirement are automatically removed (removed regions shown in
red). c) The resultant ROIs are shown.
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Figure 2. Summary of methodology. Represented in three stages; preprocessing (in blue), computing persistence (in
yellow), and dimensionality reduction and clustering (in red).
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Figure 3. PCA Factor Loadings for the zero and one dimensional homology features. Factor loadings are shown for
principle component one (77.72% of explained variance) and principle component two (14.04% of explained variance). The
left plot corresponds to the zero dimensional homology features and the right plot corresponds to the one dimensional
homology features. Squared factor loadings are shown, indicating the percentage of the variance explained by a factor.
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Figure 4. Selection of optimal k clusters for meta clustering. Gap statistic computed for R3 clusters using Ward
hierarchical clustering ranging from k of 1 to 10, repeated over 100 bootstrap permutations. Error bars represent standard error.
The optimal k is indicated with a blue vertical line.
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Figure 5. Visualization of meta clustering with identified clusters. 600 identified clusters (6 clusters per bootstrap, for
100 bootstraps) are shown in R3 by mapping Gleason 3, 4, and 5 frequencies per cluster to xyz coordinates. Hierarchical Ward
Cluster results for a k of 6 are indicated with color.
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Figure 6. Selection of optimal t-SNE perplexity. pBIC computed for t-SNE embeddings ranging from perplexity of 1 to
200, repeated over 100 bootstrap resamplings of Gleason 3, 4, and 5 ROIs. Standard error of pBIC is shown in grey. The
optimal t-SNE perplexity is indicated with a blue vertical line.
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Figure 7. Comparison of Gleason 3 ROIs and intensity diagrams across all clusters. Example ROIs and averaged
intensity diagrams for Gleason 3 ROIs present in each cluster (if present). Clusters are identified by color in the t-SNE
projection, and all points that are not Gleason 3 (triangles and squares) are colored in grey. The Gleason 3 bar on the Gleason
frequency counts is colored to match the corresponding cluster in the t-SNE projection. Averaged intensity diagrams are
computed for Gleason 3 persistence diagrams exclusively, by cluster.
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Figure 8. Comparison of Gleason 4 ROIs and intensity diagrams across all clusters. Example ROIs and averaged
intensity diagrams for Gleason 4 ROIs present in each cluster (if present). Clusters are identified by color in the t-SNE
projection, and all points that are not Gleason 4 (circles and squares) are colored in grey. The Gleason 4 bar on the Gleason
frequency counts is colored to match the corresponding cluster in the t-SNE projection. Averaged intensity diagrams are
computed for Gleason 4 persistence diagrams exclusively, by cluster.
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Figure 9. Comparison of Gleason 5 ROIs and intensity diagrams across all clusters. Example ROIs and averaged
intensity diagrams for Gleason 5 ROIs present in each cluster (if present). Clusters are identified by color in the t-SNE
projection, and all points that are not Gleason 5 (circles and triangles) are colored in grey. The Gleason 5 bar on the Gleason
frequency counts is colored to match the corresponding cluster in the t-SNE projection. Averaged intensity diagrams are
computed for Gleason 5 persistence diagrams exclusively, by cluster.
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