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What is Cell Topology?
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Histopathology Image Intra-class Distribution Histopathology Image Inter-class Relationship

Tumor/Epithelial Lymphocyte Stromal Cell



Why Cell Topology?
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Diagnosis depends on who a cell’s neighbors are.

Multi-class cell relationships

Grade 4 of Gleason 
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Normal glandular structure

Single-class cell distribution

Mlecnik et al. Immunity, 20161
Wikimedia Commons

[1] Mlecnik, Bernhard, et al. Immunity 44.3 (2016)



Cell Topology Generation
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• Cell count and density

• Intra-class cell distribution

• Inter-class cell interactions

Aiming to generate accurate
cell topology!

Cell Count 
Per Class

Lymphocyte

Tumor/Epithelial

Stromal Cell



Method: Overview Cell counts embedding

MLP

Closed-form 
Predicted Samples
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𝓛𝒔𝒊𝒎𝒑𝒍𝒆 = 𝜠𝒕,𝒙𝟎,𝝐[||(𝝐 − 𝝐𝜽(𝒙𝒕, 𝒄, 𝒕)||
𝟐]



Method: Ensure accurate count per class
• Pixel-level enforcement
• Maintain the count of cells for each cell type

6

ℒ𝑐𝑜𝑢𝑛𝑡 =
1

|𝑛|
෍

𝑖=1

𝑛

|
σ 𝑏 ො𝑥0

𝑡 𝑖

𝛿
−
σ𝑏 𝑥0

𝑡 𝑖

𝛿
|



Topological Feature
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• Cell topology – Here mainly represents the holes
• Use Persistent Homology2 to capture the holes.

[2] Edelsbrunner, Herbert, and John Harer. Computational topology: an introduction. American Mathematical Soc., 2010.

H&E Patch Cell Layout

HoleIncreasing Disk Radius r

Holes 
Born

Holes
Die

Represent in a Persistence
Diagram (Dgm):



Matching Structures: Holes
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• Target: Ref. and Syn. have similar intra/inter-class topological patterns.
• Find the correspondence between the Ref. and Syn. structures.
• The matching is based on the Wasserstein distance3.

Reference Synthetic

[3] Villani, Cédric. Optimal transport: old and new. Vol. 338. Berlin: springer, 2008.



Method: 𝓛𝒊𝒏𝒕𝒓𝒂
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• Matched structures should have similar spatial patterns of same type of cells.
• e.g. have similar values at the matched locations in class-wise distance transform map.



Method: 𝓛𝒊𝒏𝒕𝒆𝒓
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• Matched structures should have similar spatial patterns of different types of cells.
• e.g. have similar values at the matched locations in a combined distance transform map.



New Metric: Topological Fréchet Distance

11

• Conventional FID measures feature similarity, but fails to capture complex spatial and
topological cell distributions.



Qualitative Results
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Quantitative Evaluation: Generation Quality
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• Conduct experiments on BRCA-M2C and Lizard datasets.



Quantitative Evaluation: Downstream Performance
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• Downstream Task: cell detection and classification



Conclusion
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• The first diffusion-based framework for cell topology generation.

• Introduce a novel topology-aware metric to quantify topological fidelity
of synthetic layouts.

• Enhance downstream task performance greatly using augmented
image-layout pairs.



Thank you! 
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