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Melanoma Staging is Critical but Imprecise…and Confusing

• Stage 2B worse than 3A. Stage 2C worse than stage 3A and 3B
• Complete staging frequently not performed 
• Requires expert pathologists 
• Provides estimates of survival that are difficult to plan care around (Stage IIB- 82%)
• Does not account for role of immune system in tumor progression

Gershenwald et al. CA Cancer Jrnl, 2017; 67(6) 474-92



Adjuvant Therapy Works…But Who Should Receive it?

• Window of benefit  in Stage 3 is 

narrow

• Most will do well regardless

• $200,000 per patient and serious 

toxicity risks

• Large trials in Stage II patients 

without biomarkers underway. Over 

70% will never recur

• PDL1 staining is not predictive of 

benefit

Weber J et al. N Engl J Med 2017;377:1824-1835.
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The Tumor Micro-Environment is a Source of Biomarkers

Adapted from Balkwill, et al, 2012.
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The Tumor Micro-Environment is a Source of Biomarkers

Adapted from 
Saenger et al CIR 
2018; 6(4):491-
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Phenotyping

Adapted from 
Saenger et al CIR 
2018; 6(4):491-
493



Abstraction of cell phenotypes as dots allows for mathematical 
analysis of spatial relationships



Paired Correlation Function Analysis Shows that Proximity of T 
cells to Tumor Cells Correlates with Recurrence Status



Overview of Our Approach

● Clinical and image data gathered 
from 3 medical centers (N=108)

● Cell-level information from 
QuPath (open-source pathology 
software)

● Image filtering and pre-
processing of regional feature 
information

● Deep Learning Neural Network
● Majority voting from NN output



Training Population

Saenger et al. Clin. Can. Res., 
2019 Oct 21 Epub
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Tiling and Tile Selection



Saenger et al. Clin. Can. Res., 2019 Oct 21 Epub

Patch Selection 
and Feature 
Generation



Saenger et al. Clin. Can. Res., 2019 Oct 21 Epub

Sequence Generation and Network analysis



Saenger et al. Clin. 
Can. Res., 2019 Oct 
21 Epub

Validation on Two Independent Test Sets
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