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ABSTRACT Tumor microenvironment (TME) is the cellular environment in which a tumor develops; including the immune system and the connective tissue. TME is being increasingly identified as an important factor in the dynamical behavior of a tumor. In histopathological imaging, the extraction of meaningful information describing the relationships between the tumor and its microenvironment relies on an accurate cell identification technique. In this work, we present an efficient approach for cell detection and classification from immunohistochemistry (IHC)-stained breast cancer tissue. The detected nuclei are classified in 3 types (cancer cells, fibroblasts and immune system cells) using Random Forest classifier based on morphologic, color and texture features.



1.2.2. Color and Morphological features: The application of an alternating sequential filter on the first level of the Gaussian pyramid image permits the erasing of small and thin nuclei and highlights cancer cells as they are clustered together. Hence, we calculate, in each segmented nucleus, the mean gray-level of this transform. In addition, the mean blue-ratio of the nucleus is used as a color feature. 1.2.3. Texture features: Texture features are calculated from 100 × 100 frames centered in each nucleus. Four statistics are calculated (Contrast, Correlation, Energy, and Homogeneity) from the Gray-Level Co-occurrence Matrix with 8 levels and a step of 1 in 4 directions (0°, 45°, 90°, and 135°), which means 16 texture features in total.



1. MATERIALS AND METHOD



2. RESULTS AND DISCUSSION



The aim of this work is to perform a 3-class classification of nuclei from IHC-stained histopathological images. In order to assess the effectiveness of our approach we use a dataset composed of 40 images (2000 × 2000pixels), extracted at 0.5µm/pixel resolution from 16 Whole Slide Images (WSI) of Phospho-Histone-H3 (PHH3)-stained breast tissue slides of 16 different patients.



The proposed method was evaluated on a dataset of 40 images, where 47 323 nuclei were collectively manually labelled (ground truth for classification). 20% of the dataset was used for training and 80% for testing. 24 features are calculated in total. Random Forest classifier with 20 trees gives 95.54% of classification accuracy. The computation time depends on the number of detected nuclei in the image and the estimated average is 27 seconds per image1. In this work, we presented an efficient approach for nuclei classification in IHC-stained histopathological images. This result represents a fundamental part of a broader study dedicated to tumour heterogeneity, focusing in particular on spatial distribution quantification of the tumour microenvironment using graph theory and sparse sets’ mathematical morphology.



1.1. Nuclei detection In PHH3-stained tissue, as in most of IHC-staining techniques, immunopositive nuclei stain brown, while negative nuclei counterstain as blue. Therefore, the image is first converted from RGB into a blue-ratio image: 𝐵𝑅 = 100×𝐵 256 × (1+𝑅+𝐺+𝐵) which is later converted to a binary (1+𝑅+𝐺) image using Otsu’s method in order to extract nuclei objects. Overlapped nuclei are separated using H-minima based marker-controlled Watershed, with 𝐻 = 0.85.



(d)



(a)



1.2. Nuclei classification As shown in figure 1, the three types of nuclei have different size, shape, blue intensity, and texture. Lymphocytes are round, small and stain deep blue. Fibroblasts are lightercoloured, flat and elongated. While cancerous nuclei are most often big and can have different shapes and textures. In the following, the adopted features are presented.



(b)



(c)



1.2.1. Geometric features: For each detected nucleus; area, perimeter, solidity, extent, eccentricity and circularity are calculated from its segmented binary object.



Figure 1: (a) Cancer cell nuclei. (b) Fibroblast. (c) Lymphocyte. (d) Results of segmentation and classification
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