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Abstract. Pathologists study tissue morphology in order to correctly
diagnose diseases such as colorectal cancer. This task can be very time
consuming, and automated systems can greatly improve the precision
and speed with which a diagnosis is established. Explainable algorithms
and results are key to successful implementation of these methods into
routine diagnostics in the medical field. In this paper, we propose a graph-
based approach for intestinal gland classification. It leverages the high
representational power of graphs for describing geometrical and topo-
logical properties of the glands. A novel, publicly available image and
graph dataset is introduced based on cell segmentation of healthy and
dysplastic H&E stained intestinal glands from pT1 colorectal cancer. The
graphs are compared using an approximate graph edit distance and are
classified using the k-nearest neighbours algorithm. With this method,
we achieve a classification accuracy of 83.3%.
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1 Introduction

In diagnosis and treatment of colorectal cancer the observations of pathologists
are crucial for the characterisation of the stage of the disease and subsequent
predictions of its progression [I§]. The precise morphological characteristics of
the deformation depend on the type of cancer and the stage of cancer progression
[4]. In order to expedite diagnostics and reduce errors and variability between ex-
perts, computer-aided diagnosis (CAD) can offer great support in the diagnostic
process.

In the initial stages of cancer, such as pT1, carcinomas can frequently be
observed originating from polyps [4]. In such cases it is possible to observe normal
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(b) Dysplastic

Fig. 1: Examples of normal (a) and dysplastic (b) colon mucosa stained with H&E. The
yellow arrowheads point to selected glands. Normal glands usually have a regular round
or oval shape while dysplastic glands are more irregularly shaped.

tissues, dysplasia and carcinoma on one slide. In normal tissue the glands have
parallel and flat lumina lined with a single layer of cells in the upper parts of the
gland. They have circular or oval shape and a homogeneously coloured nucleus,
that is pushed to the outer side of the gland by the mucus in the cytoplasm. In
dysplastic glands the regular and ordered configuration is disrupted, and their
shape varies greatly, especially when a mix of different dysplasia types (such as
low- and high-grade) is present.

Histological images show the microanatomy of a tissue sample. They con-
tain many different cell types, cell compartments and tissues which makes them
very complex to analyse. In their diagnosis, pathologists consider morpholog-
ical changes in tissue, spatial relationship between cell (sub-)types, density of
certain cells, and more. Graph-based methods, which are able to capture geo-
metrical and topological properties of the glands, offer a very natural approach
to attempt an automated analysis of such data [15].

Graphs have been used for a variety of tasks in digital pathology, such as clas-
sification and exploratory analysis [I5] as well as segmentation [I7] and content-
based image retrieval (CBIR) [14]. There are also a great variety of types of
graphs that are being used, such as O’Callaghan neighbourhood graphs, at-
tributed relational graphs (ARG) and cell graphs [I5]. Especially cell graphs
have been successfully used to support cancer diagnosis [3/9].

In this paper, we propose a gland classification method based on labelled cell
graphs and graph edit distance (GED) [6l7], which transforms one cell graph
into another using deletion, insertion, and substitution of individual cells. In
contrast to other graph matching methods [5], such as spectral methods [I1] or
graph kernels [8], GED has the advantage that it is applicable to any type of
labelled graphs. Furthermore, it provides an explicit mapping of cells from one
gland to cells of the other gland, which may help human experts comprehend why
the algorithm predicts high or low gland similarity (see for example Figure [3)).
For experimental evaluation, we have created a graph dataset that contains
cell graphs of healthy and dysplastic H&E stained intestinal glands from pT1
colorectal cancer. The dataset, which has been made publicly available, is used
to evaluate the classification performance of our GED-based approach using a
k-nearest neighbour (k-NN) classifier. The performance is compared to results
reported in the literature.



