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Abstract

This study used imaging mass cytometry (IMC) to profile the tumor microenviron-
ment of 69 non-muscle invasive bladder cancer (NMIBC) tumors from 58 patients treated
with Bacillus Calmette-Guérin (BCG). 199 regions of interest (ROIs) from tissue mi-
croarrays (TMA) were stained with 38 metal-conjugated antibodies and imaged. Ilastik
pixel classification and DeepCell Mesmer were used for cell segmentation, and an anndata
object was created with cell coordinates and marker expression levels.

Quality control filtering, batch correction using Harmony, PCA, UMAP dimension
reduction, and Leiden clustering were applied to assign cell types. Differential expression
analysis ranked markers for each cluster, and clusters were annotated with cell types like
tumor, T cells, macrophages, etc. Neighborhood analysis using a k-nearest neighbors
approach found spatially coherent neighborhoods enriched for different cell types.

The results provide a high-dimensional, spatially-resolved map of the NMIBC tumor
microenvironment, revealing the complexity of immune and stromal cell interactions. The
analytical pipeline integrates multiple machine learning techniques to robustly identify
cell types and spatial patterns from IMC data. This approach can be applied to study the

tumor microenvironment in other cancer types.
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