
BACKGROUND

Squamous cell cancer (SCC): Second most 

common skin cancer with a rising incidence 

and mortality; affects multiple anatomies

Staging protocol: Manual evaluation of tissue 

images to determine prognostic factors (grade, 

depth, perineural invasion)

MOTIVATION

Staging systems fail to reliably predict poor 

outcomes (46% upstaging rate)

Variability in diagnosing tumor grade due to 

lack of standardized protocol and subjectivity 

in determining high-risk focal areas

Clinicians cannot draw definitive conclusions 

on patient prognosis using risk factors

INTRODUCTION APPROACH
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CONTRIBUTIONS

WEAKLY-SUPERVISED LEARNING

First comprehensive weakly-supervised 

framework for SCC analysis from whole slide 

image (WSI)

• Addresses diagnostic (tumor grade) and 

prognostic (metastasis risk) tasks

• Requires minimal annotations (only slide-

level labels)

SELF-SUPERVISED PRETRAINING

Utilizes self-supervised learning to extract 

robust and generalizable image features

CONTEXTUAL LEARNING

Novel hybrid graph captures local tissue 

tumor microenvironment context and non-

local phenotypic relations across distant 

tumor regions

REGION PRIORITIZATION

Emulates clinicians by emphasizing higher 

risk tumor regions using ranking-based 

attention mechanism
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TUMOR GRADING: STRONG GENERALIZATION ACROSS DIVERSE ANATOMIES

METASTASIS PREDICTION: ACHIEVES 78% AUC AND IDENTIFIES NOVEL HIGK RISK MORPHOLOGICAL PHENOTYPES FOR SKIN SCC

Pathologist’s Feedback: The model correctly identified differentiation for localized tumor regions. It did better 

with grading than identifying potential tumor regions. The model does not distract me from diagnosing correctly.

TUMOR LOCALIZATION: 16% HIGHER SENSITIVITY HIGHER DIAGNOSTIC EFFICIENCY FOR CLINICIANS
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