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Cancer immunoediting and response to immunotherapy

Figure adapted from O’Donnell, Nat Rev Clin Oncol, 2019

A deep understanding of tumor-host interaction and co-evolution is needed to make immunotherapy a 
precise application in the clinical setting



High dimensional omics in immuno-oncology

Figure adapted from Gohil, Nat Rev Clin Oncol, 2021



omics and tumor microenvironment (TME)

Figure adapted from Wagner, Nat Biotech, 2016
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omics and TME: cellular composition
Omics profiling technologies in immuno-oncology

cellular composition

Figure adapted from O’Donnell, Nat Rev Clin Oncol, 2019
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omics and TME: cellular composition

ü CyTOF enables the profiling of up to 50 markers simultaneously

Flow cytometry and CyTOF

ü Flow cytometry is a gold standard method for cell type identification. Limited number of markers

Figure adapted from Sidiropoulos, JCI, 2022

ü HCC patients > 
nivolumab

ü PDAC patients > 
GVAX+ipilimumab

ü Melanoma patients > 
ipilimumab



omics and TME: cellular composition

RNA-seq+WGS/WES 

ü to predict patient-specific cancer immunogenic neoantigens



omics and TME: cellular composition

RNA-seq
ü to quantify different cell types of the TME (GSEA or deconvolution)

ü to dissect the heterogeneity of T and B lymphocytes



omics and TME: cellular composition

RNA-seq+ATAC-seq/CHIP-seq
ü to integrate gene expression with chromatin accessibility, architecture and histone modification

Musella, Nat Immunol, 2022



omics and TME: cellular composition

RNA-seq+ATAC-seq/CHIP-seq
ü this intra-modality integration is allowing researchers to build the tumor immune atlas, that 

provide a comprehensive compendium of immune cells and an inspection of gene expression 
patterns in different immune cell types within the TME  

From the Human Cell Atlas to dynamic immune maps in human disease

Figure adapted from Adlung Nat Rev Immunol, 2018



omics and TME: spatial distribution

Figure adapted from Wagner, Nat Biotech, 2016.

spatial distribution

The relative spatial distribution of cells impacts therapeutic response

Figure adapted from Galon Nat Rev Drug Discov, 2019

High dimensional spatial proteomics
ü Image mass cytometry (IMC)
ü Multiplexed ion beam imaging
ü Cyclic imaging detection (CODEX)
ü Cyclic immunofluorescence (CyCIF)
ü Multiplexed immunofluorescence (MxIF)

High dimensional spatial transcriptomics
ü Slide-seq
ü 10X Genomics Visium
ü Sequential fluorescence in situ

hybridization (seqFISH)
ü MERFISH



omics and TME: spatial distribution

Figure adapted from Wagner, Nat Biotech, 2016.

spatial distribution

The relative spatial distribution of cells impacts therapeutic response

Figure adapted from Ho Nat Cancer, 2021HCC patients treated with cabozantinib+nivolumab



omics and TME: spatial distribution

Figure adapted from Wagner, Nat Biotech, 2016.

spatial distribution

The immuno SpatialScore

Figure adapted from Phillips Nat Commun 2021

Cell-cell interactions impact on tumor’s (immune)therapeutic response

Cutaneous T cell lymphoma patients treated with pembrolizumab



omics and TME: spatial distribution

Figure adapted from Wagner, Nat Biotech, 2016.

spatial distribution

Spatial multi-omics for precision immuno-oncology

Figure adapted from https://cancercommunity.nature.com/posts/spatial-multi-omics-analysis-in-single-cells-for-precision-oncology

Spatial multi-omics help to reveal patient –specific TMEs enabling personalized therapies



omics and TME: over time evolution

Figure adapted from Wagner, Nat Biotech, 2016.

Over time evolution

Tumor-immune interactions during (immune)therapeutic response are dynamic

TCR/BCR-seq

ü to follow clonal evolution and immuno dominance during cancer progression and response to 
(immuno)therapy

Figure adapted from Pagliuca, JCI, 2021



omics and TME: over time evolution

Figure adapted from Wagner, Nat Biotech, 2016.

Over time evolution

Tumor-immune interactions during (immune)therapeutic response are dynamic

Movie adapted from Zhang ImmunoInform 2021



Conclusions

ü Therapeutic response and resistance depends on the cellular compositon of tumors and 
their microenvironments, the spatial distribution of cells and the cellular evolution over 
time.

ü Bulk and single cell omics together with emerging spatial molecular technologies are 
ideally suited to resolve the molecular and cellular mechanisms of therapeutic response
and resistance.

ü Integrating mathematical modeling with multi-omics can model intercellular networks 
and co-evolution over time, which finally tip the balance between therapy response or 
resistance.

Thank you for the attention!


