
Contributions

• We propose the first topology-aware semi-supervised 

framework that enforces topological consistency in 

segmenting densely distributed objects of interest in 

histopathology images.

• We propose a learning strategy that produces robust 

topological representations from the noisy topological 

feature space of the unlabeled images.

• Through extensive experiments on multiple 

histopathology imaging datasets, we show that our 

method effectively improves the segmentation quality 

both pixel- and topology-wise.

Motivations
• In computational pathology, segmenting densely 

distributed objects like glands and nuclei is crucial for 

downstream analysis.

• Fully supervised segmentation methods demand a 

substantial volume of detailed pixel-wise annotations, 

which is burdensome to obtain.

• Existing semi-supervised learning (SemiSL) methods 

are often prone to topological errors, such as missing 

or incorrectly merged/separated glands or nuclei.

Experiments

• Extensive experiments on three datasets are conducted: Colorectal

Adenocarcinoma Gland (CRAG), Gland Segmentation in Colon Histology

Images Challenge (GlaS), and Multi-Organ Nuclei Segmentation (MoNuSeg).

Qualitative Results

Quantitative Results

Overall Framework

Learning Strategy

Given a labeled dataset 𝐷𝐿  and an unlabeled dataset 𝐷𝑈 , 
we adopt the popular teacher-student framework in 

SemiSL. This framework contains two networks: student 

and teacher networks, with identical architecture. The 

key intuition is that under different perturbations, the 

topology of the predictions should be consistent.

The overall training objective is:

To make full use of limited annotations, the 

supervised loss is formulated as follows:

We first decompose the persistence diagram into 

signal and noisy parts based on the persistence:

Then, the designed noise-aware topological 

consistency loss is as follows:
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Code: https://github.com/Melon-Xu/TopoSemiSeg

Contact: {meilong.xu, chao.chen.1}@stonybrook.edu

Red: prediction errors; Blue: false-positive predictions; Green: false negative holes.
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