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Abstract. In digital pathology, segmenting densely distributed objects
like glands and nuclei is crucial for downstream analysis. Since detailed
pixel-wise annotations are very time-consuming, we need semi-supervised
segmentation methods that can learn from unlabeled images. Existing
semi-supervised methods are often prone to topological errors, e.g., miss-
ing or incorrectly merged/separated glands or nuclei. To address this
issue, we propose TopoSemiSeg, the first semi-supervised method that
learns the topological representation from unlabeled histopathology im-
ages. The major challenge is for unlabeled images; we only have predic-
tions carrying noisy topology. To this end, we introduce a noise-aware
topological consistency loss to align the representations of a teacher and
a student model. By decomposing the topology of the prediction into
signal topology and noisy topology, we ensure that the models learn the
true topological signals and become robust to noise. Extensive experi-
ments on public histopathology image datasets show the superiority of
our method, especially on topology-aware evaluation metrics. Code is
available at https://github.com/Melon-Xu/TopoSemiSeg.
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1 Introduction

In digital pathology, histopathology images can provide crucial insights for clin-
ical diagnoses and treatment planning. Pathologists can make diagnosis and
prognosis decisions by studying the morphology of glands/nuclei and their spa-
tial arrangements. For example, assessing gland morphology can help pathol-
ogists determine different stages of colon cancer [12] and prostate cancer [35].
Traditionally, this would rely on manual annotations by pathologists, which is
costly, time-consuming, and error-prone. To alleviate this burden, deep learn-
ing methods have been proposed to automatically segment the objects of in-
terest [3, 13, 22, 50, 65]. However, despite their satisfactory performances, these
methods still rely on a large amount of high-quality annotations, which is ex-
pensive and requires a lot of domain expertise.
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