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Problem Definition:

• We cannot feed WSIs to neural nets due to their gigantic size.

• Typical solution is patch extraction:

• Input: A set of patches.

• Output: Primary site and  Cancer sub-type.

Input WSI

Patching

Papillary Thyroid 

Carcinoma
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Problem Definition

Whole Slide Image (WSI) Representation Learning

• Patch labels are not available

• Training on patches gives us nothing more than patch embeddings.

• Downstream tasks are not straightforward: 

• Some proposed solutions:
• WSI classification with patch embeddings: Decision fusion methods

• WSI (set) search with patch embeddings: Heuristic methods

• There is a hierarchy between labels.

We need WSI (set) embedding- Our model should process set data i.e., be 
permutation invariant and acknowledge dependency between WSI labels.
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CNN-Deep Sets
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𝝆( 𝒑𝒐𝒐𝒍 𝝓 𝒙𝟏 , … , 𝝓 𝒙𝒏 )
universal approximator of set functions



CNN-Deep Sets
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• Hierarchal multi-label training: 



Experiments: WSI search- Horizontal search
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Experiments: WSI search- Vertical search
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Histopathology Image Classification
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Conclusion

• CNN-Deep Sets for end-to-end WSI representation learning.

• New hierarchal multi-label training that acknowledge dependency 
between primary site and its corresponding primary diagnosis labels.

• Attractive results in WSI search and classification.
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