Predicting Molecular Phenotypes from Histopathology Images: A Transcriptome-Wide Expression—Morphology Analysis in Breast Cancer
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million H&E tiles), and test sets (N = 172, 17.36%; 1.33 million H&E
tiles). Transcriptome-wide RNA-seq data representing mRNA
expression for a total of 20,477 genes in the reference genome are
collected from these samples.

Data Modeling

For each gene, we optimized one deep convolutional neural
networks (CNN) model with image tiles as predictors and the
sample-level gene expression level obtained from RNA-seq as a
response variable.

Model Validation

From an additional independent collection of 168 tumors with both
FFPE blocks and WSIs available, 24 tumors were selected for ST
profiling using the oncology and immune-oriented gene panel for the
GeoMx® DSP platform (GeoMx Immune Pathways Panel, NanoString
Technologies).
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Summary of model performance on test sets

A, Distribution of Spearman’s rho in the internal test set. B, Distribution of R?, in the internal test set
(Ngenes = 1,011; onegene with a predicted R? <_0.1 was excluded from the figure for clarity). C,
Distribution of Spearman’s rho in the external test set (N,.,;=995). D, Scatter plot of EMO,g;ceq and
RNA-seq estimated gene expression values for the 25 top performing genes in the internal test set. E,
Scatter plot of EMO-predicted and RNA-seq estimated gene expression values for the same 25 genes in
the external test set.
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A, Pathway analysis of EMO predictions by GSEA in the Reactome database,
revealing 16 significant pathways. The bar plot shows the log-transformed adjusted
P values for each pathway, and the boxplot shows the model performance in terms
of Spearman’s rho between EMO-predicted and RNA-seq expression (validation set)
for each gene in each individual pathway. B, GSEA results using the Hallmark gene
set, with seven identified pathways.
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Proliferation score prediction and validation.

A, Comparison
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IHC score and EMO-predicted proliferation score

[P.Score(EMO)]) for 37 IHC-HE pairs of tumors in the test set. The IHC-based Ki67
score per tile is indicated in blue (<10%), yellow (210% and <30%), and red (>30%).
The color scheme for EMO predictions was chosen based on quantile mapping to
the IHC score distribution, with blue, yellow, and red indicating low, medium, and
high predicted proliferation levels,respectively. B, Distribution of proliferation scores
by subtype in the validation set, measured with RNA-seq [P.Score(RNA-seq)]. C,
Distribution of proliferation scores by subtype in the validation set, predicted by
EMO. The distribution of predicted proliferation scores shares similar patterns with
RNA-seq measurements, with the basal type exhibiting the highest proliferation
level, followed by HER2-enriched (Her2) and luminal B (LumB) subtypes, whereas
luminal A (LumA) has the lowest proliferation score. D, Scatter plot of RNA-seq—
estimated and EMO-predicted proliferation scores in the validation set (N=122).A
high correlation between the RNAseq measurements and EMO predictions was
observed with a Spearman’s rho of 0.67. E-G, Corresponds to B-D for the internal
2). H, Scatter plot of RNAseg—estimated and EMO-predicted
proliferation scores in the external test set (N = 350).

test set (N=17



	Slide 1

