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Abstract

According to WHO data, breast cancer is the most common type of cancer in women, representing 16 %
of cases. The diagnosis is made by the expert pathologist through a tissue analysis of histological sections
under the microscope. The histological evaluation allows determining the degree of cellular differentiation of
the tissue associated with the molecular classification of cancer to identify the most appropriate treatment for
a patient. Computer-assisted diagnostic systems have gained relevance in pathology for tasks such as nu-
clei segmentation and analysis of nuclear pleomorphism, associated with the histopathological classification
and grading of breast cancer. In this work, a methodology is proposed for the automatic detection and seg-
mentation of cell nuclei with clump separation based on digital image processing and analysis techniques.The
obtained results reached values precision of 0.75±0.09, sensitivity of 0.76±0.12, and a Sørensen-Dice similarity
measure of 0.75± 0.08.

Introduction

A breast cancer diagnosis is made by the expert pathologist, who performs a visual evaluation of the tissue
structures to classify and grade cellular differentiation [1] [2]. This evaluation is substantial to know the type
and degree of malignancy of breast carcinoma [3]. The pathologist performs a fundamental task for visual
tissue analysis by evaluating the size and shape of the cellular nucleus. The recognition and evaluation of the
tissue are done subjectively [4]; hence, it is prone to possible diagnosis errors and discrepancies between
experts; this problem has been recognized by the WHO [5][6]. The image analysis techniques and computer
vision have been widely recognized in medical research since they provide an advantage in quantitative
analysis and aid the final diagnosis of the experts [1]. Automatic detection of the cell nuclei remains critical in
performing an automated analysis of breast tissue histological sections.

Objective

The objective of the proposed methodology is to perform the identification and automatic segmentation of cell
nuclei with clump separation in images of histological sections of mammary carcinoma, which in turn allows
a quantitative analysis that assists the histological evaluation of nuclear pleomorphism carried out by a expert
pathologist.

Methodology

A. Separation by color

H&E staining system is characterized by highlighting the tissue components in purple tones, being darker
in the nucleus area, and pink in the cytoplasm and related tissue surrounding the nucleus. Therefore, the
separation of the red channel of the color image helps to highlight the purple hue to extract the components of
interest (Fig. 1a-b).

Fig. 1: Scheme of the process for nuclei segmentation. a) RGB breast cancer histology image b) R channel image, c) granulometric analysis, d) sub-section

separation using granulometry measure as reference, e) local contrast adjustment result, f) image binarization, g1) identification of big particles and clumps

for separation with Watershed, g2) average size particles are saved, g3) small particles, noise and possible artefacts, h1) segmented clumps, h2) resulting

particles of previous processes are fused, i) resulting segmentation colored.

B. Local contrast adjustment

Once the red channel has been obtained, it seeks to improve the contrast in the regions that correspond to
the cell nucleus then, a contrast adjustment is applied which uses a gamma correction to highlight objects of
interest in an image. Due to the large variation in gray levels, a better contrast adjustment is made locally by
dividing the image into subregions. In this way, it is possible to deal with the gray level differences within a
smaller area and enhance the contrast among its components, i.e. cell nucleus and background. To establish
an appropriate subregion size, a granulometric analysis is performed to estimate the size distribution of the
particles in the image and ensure that the subregion be larger than any cell nucleus on the image (Fig. 1-c).
Thus, the subdivision of the image is independent of the magnification. Once the image has been divided
into subregions, the contrast adjustment is performed locally (Fig. 1d-e). This result facilitates the binary
segmentation of the image, eliminating the background and other tissue parts that are not of interest (Fig. 1-f).

C. Adaptive segmentation

Once that only the objects of interest are present in the binary image, they are analyzed to delete some
artifacts such as tissue portions, and clumped or overlapping particles. From the granulometric analysis, the
most representative size of the particles r is known, which allows to establish a threshold that eliminates
the smaller particles considered non-relevant (Fig. 1-g3). The particles with a size close to r are of interest
(Fig. 1-g2), therefore, they are reserved and analyzed to obtain an area and circularity threshold. Finally, the
particles with a larger size could be associated with clusters, overlapping particles or very close to each other
(Fig. 1-g1). If these particles are removed, important information could be lost. Then, it is important to identify
the inner cell nuclei that these components may contain and to divide them. To address this problem, a water-
shed segmentation was performed (Fig. 1-h1); all the segmented particles were fused in a single segmented
image (Fig. 1-h2). To obtain the final result, circularity and area threshold were recalculated over the seg-
mented clumps with the aim of preserve only the rounder and with the most significant area particles (Fig. 1-i).

Results

The proposed methodology was tested on a subset of four different databases containing H&E stained micro-
scopic images of histological sections of breast cancer [7, 8, 9, 10]. With the aim of test the proposed method
under different tissue condition, there were analyzed images of papillary and invasive carcinoma (Fig. 2) as
well as benign tumors .

Fig. 2: a) Invasive carcinoma histological image [8], b) the nuclei segmentation results by the proposed method.

D. Evaluation

To evaluate the quality of the obtained segmentation, groundtruth images provided by the database in [9],
were used. To evaluate the obtained results three values were calculated: precision, sensitivity and similarity
Sørensen–Dice coefficient (SDC), a measure of similarity between two sets (obtained segmentation and
groundtruth) with values in the range [0, 1] [11]. Figure 4 shows an example of the original image and the
comparison between the obtained segmentation and its corresponding groundtruth. It is observed a high sim-
ilarity between results although they may differ in how some components are presented. The main difference
is the clump separation achieved by the proposed method and the removal of elongated particles. These
differences are reflected in the value of the SDC. However, these are positive characteristics in terms of
the contribution of the method, ensuring that only well-identified cell nuclei remain in the final segmentation.
Table 1 shows the statistics about segmented cell nuclei of the whole database.

Fig. 3: a) Original histological image [9], b) the segmentation results by the proposed method , and c) their corresponding groundtruth.

Conclusions

The high variations in intensity and characteristic forms of the mammary cell tissue represents a challenge
for the automatic characterization and segmentation of the cell nuclei. Nonetheless, the general quality of the
segmentation depends on the robustness of the method to handle this type of variations. The segmentation
results achieved with the proposed method is consistent under different image conditions such as density of
cells, magnification and contrast, making it useful in the pathological analysis.
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