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Non-Hodgkin lymphoma is the most common cancer of the lymphatic system and should be considered
as a group of several closely related cancers, which can show differences in their growth patterns, their
impact on the body and how they are treated. The diagnosis of the different types of neoplasia is made
by a specialist through the analysis of histological images. However, these analyses are complex and the
same case can lead to different understandings among pathologists, due to the exhaustive analysis of
decisions, the time required and the presence of complex histological features. In this context, compu-
tational algorithms can be applied as tools to aid specialists through the application of segmentation
methods to identify regions of interest that are essential for lymphomas diagnosis. In this paper, an un-
supervised method for segmentation of nuclear components of neoplastic cells is proposed to analyze
histological images of lymphoma stained with hematoxylin-eosin. The proposed method is based on the
association among histogram equalization, Gaussian filter, fuzzy 3-partition entropy, genetic algorithm,
morphological techniques and the valley-emphasis method in order to analyze neoplastic nuclear compo-
nents, improve the contrast and illumination conditions, remove noise, split overlapping cells and refine
contours. The results were evaluated through comparisons with those provided by a specialist and tech-
niques available in the literature considering the metrics of accuracy, sensitivity, specificity and variation
of information. The mean value of accuracy for the proposed method was 81.48%. Although the method
obtained sensitivity rates between 41% and 51%, the accuracy values showed relevance when compared
to those provided by other studies. Therefore, the novelties presented here may already encourage new
studies with a more comprehensive overview of lymphoma segmentation.

© 2017 Elsevier Ltd. All rights reserved.

1. Introduction

their combinations of morphological, genetic and clinical features
(Maurifio & Siqueira, 2011).

Lymphoma is a type of malignant disease that develops in cel-
lular components called lymphocytes (Orlov et al., 2010). These
cells represent one of the highest white blood cell populations
responsible for the immunological defense of the body (Gartner
& Hiatt, 2003). Lymphomas are divided into Hodgkin lymphomas
(HL) and non-Hodgkin lymphomas (NHL), in accordance with
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The 2016 report of the National Cancer Institute of Brazil esti-
mates almost 11,000 new cases of NHL (INCA, 2016). Chronic lym-
phocytic leukemia (CLL), follicular lymphoma (FL) and mantle cell
lymphoma (MCL) belong to the NHL class, which corresponds to
85% of the lymphomas (Lowry & Linch, 2013). The American Can-
cer Society estimates for 2017 that about 72,240 new cases will be
diagnosed and about 20,140 people will die from this cancer in the
United States (ACS, 2017). Thus, nowadays there is a high demand
for diagnoses, where its analysis and detection remain a challenge
for pathologists.

Tissue samples stained with hematoxylin-eosin (H&E) have
been used by pathologists for analysis and identification of NHL
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cancer structures. These procedures are essential for disease mon-
itoring and more efficient definitions for treatments (Orlov et al.,
2010). However, visual evaluation is a complex task due to the
significant time involved, its subjectivity and variability between
pathologists (Oger, Belhomme, & Gurcan, 2012; Sertel, Lozanski,
Shana’ah, & Gurcan, 2010b).

Histological samples can be analyzed by computational tech-
niques and this procedure has provided advances in the sup-
port for diagnosis and prognosis of lymphomas. The computational
strategies can improve the accuracy and efficiency of the detection
of cells linked to NHL cancers (Belkacem-Boussaid, Samsi, Lozan-
ski, & Gurcan, 2011; Sertel, Catalyurek, Lozanski, Shanaah, & Gur-
can, 2010a) and patterns recognition (Orlov et al., 2010).

The segmentation of NHL structures is a crucial task in many
clinical applications and the subsequent stages, including feature
extraction and classification, which all rely heavily on the quality
of this process. In this stage, techniques are applied in order to rec-
ognize the presence, distribution, size and morphological features
useful for diagnosis (Haggerty, Wang, Dickinson, O'Malley, & Mar-
tin, 2014). However, such a task is complex due to features varia-
tions, mainly when distinguishing nuclear regions (Irshad, Veillard,
Roux, & Racoceanu, 2014).

In this context, this paper presents an unsupervised segmenta-
tion method to aid pathologists in the identification of neoplastic
nuclei of CLL, FL and MCL histological images. The proposed algo-
rithm was divided into steps of preprocessing, segmentation and
post-processing. In the preprocessing step, the histogram equaliza-
tion and Gaussian filter were applied to the RGB color model chan-
nels. A technique based on thresholding was developed as a result
of the combination between genetic algorithm (GA) and fuzzy 3-
partition entropy method. Finally, the valley-emphasis technique
and morphological operations of dilation and opening were ap-
plied in the post-processing step. The proposed method was tested
on a public dataset comprised of 12 images of CLL, 62 of FL and
99 of MCL, which were obtained with magnification of 20x. The
metrics of accuracy, sensitivity, specificity and variation of infor-
mation were applied for quantitative evaluations. The performance
of the proposed algorithm was compared to the results provided
by the mean-shift technique (Comaniciu & Meer, 2002) and the
approaches proposed by de Oliveira et al. (2013); Phoulady, Gold-
gof, Hall, and Mouton (2016); Vahadane and Sethi (2013);
Wienert et al. (2012) and Paramanandam et al. (2016).

1.1. Related works

Several studies dedicated to the segmentation of NHL histolog-
ical images are presented in the literature.

In the case of CLL images, the studies of Mohammed, Far, Nau-
gler, and Mohamed (2013a, 2013b) presented nuclear, cellular and
cytoplasmic segmentation methods of normal and neoplastic lym-
phocytes. In Mohammed, Far, Naugler, and Mohamed (2013b), the
authors employed Otsu thresholding, canny edge detector, morpho-
logical operations and removal of 1% of local minima of watershed
to reduce over and under segmentation errors. Further, the authors
presented in Mohammed et al. (2013a), a segmentation method
based on pixel classification using support vector machine (SVM)
and K-means to reduce the feature set.

For MCL images, Yang, Tuzel, Meer, and Foran (2008) developed
a segmentation method of overlapping cells using L, estimation
(LyE), gradient vector flow (GVF) and the CIE LUV color model for
contour extraction. High curvature points were identified by a lit-
erature proposal. The canny edge detector was applied to detect
inner edges, which correspond to candidate lines for separating the
cells. These lines were analyzed through the Dijsktra algorithm to
determine the best segmentation of the overlapping cells.

Studies related to the detection of CLL and MCL lesions are re-
stricted to blood related images with different magnifications, such
as 60 x (Yang et al,, 2008) and 100 x (Mohammed et al., 2013b).

To segment follicular regions in FL images, different approaches
were proposed, such as the methods of active contour model
(Arora & Banerjee, 2013; Belkacem-Boussaid, Prescott, Lozanski,
& Gurcan, 2010), region-based thresholding using curve evo-
lution (Belkacem-Boussaid et al., 2011), thresholding based on
mean brightness value (Zorman et al., 2007) and Otsu algorithm
(Oger et al., 2012). To deal with significant color variations in the
regions of interest (ROIs), Arora and Banerjee (2013) and Belkacem-
Boussaid et al. (2010) applied a local energy function and active
contour model to identify follicles from H&E stained tissue sec-
tions. In addition to the follicular regions segmentation, Arora and
Banerjee (2013) also investigated the classification of the grades
of FL, but the segmentation step was not evaluated. The authors
of Belkacem-Boussaid et al. (2010) applied pre and post-processing
for segmenting FL images. However, a limitation was noted in this
approach consisting of the merging of follicles in the segmentation,
which demands a new strategy for the separation of overlapping
follicles.

The algorithm of Belkacem-Boussaid et al. (2011) stands out
in the evaluation metrics of their different steps. For instance,
the metrics of signal to noise ratio and texture contrast were
applied to define the more adequate color channel. The prepro-
cessing step was evaluated by the Haralick homogeneity metric,
whereas overlapping follicles were analyzed by a concavity in-
dex. In Zorman et al. (2007), the authors used a pixel classifica-
tion approach for follicles segmentation. The mean brightness val-
ues were considered as the threshold value in a pre-segmentation
step. Different from the above described techniques, the method in
Oger et al. (2012) proposed a segmentation of follicular regions on
[HC images with registration of the identified regions on H&E im-
ages. However, the conformity metric does not reach satisfactory
results due to identification of false positive regions.

Algorithms based on the Otsu thresholding method
(Dimitropoulos, Michail, Koletsa, Kostopoulos, & Grammalidis,
2014; Michail et al, 2014), k-means (Oztan, Kong, Gurcan,
& Yener, 2012; Sertel et al., 2009) and mean-shift clustering
(Sertel et al., 2010a) were applied to detect centroblasts on FL im-
ages. After nuclear segmentation, Dimitropoulos et al. (2014) also
investigated the extraction of morphological and textural fea-
tures. Nucleoli detection and cytoplasm histogram analysis
were used by applying the SVM classifier. This approach was
also employed by Michail et al. (2014), however, intensity fea-
tures were then classified by the linear discriminant analysis
classifier. Furthermore, these studies applied empirical thresh-
old values in the segmentation step for removal of red blood
cells.

For FL grading, Oztan et al. (2012) presented a method
for analyzing the more discriminant features among the cel-
lular regions on FL images. For this purpose, features of
graphs constructed from K-means segmentation results, informa-
tion of intensity, texture and MBIR representations were com-
bined, thus reaching the best results with the SVM classi-
fier. The centroblast detection was also explored by the stud-
ies of Sertel et al. (2009) and Sertel et al. (2010a). How-
ever, Sertel et al. (2010a) considered the mean-shift method so
as not to have to manually define the number of clusters, as de-
manded by the K-means method used by Sertel et al. (2009).

Considering segmentation methods for CLL, FL and MCL histo-
logical images, Table 1 summarizes the strengths and weaknesses
of these techniques proposed in the literature.

A majority of the studies in Table 1 presents methods for de-
tection and segmentation of FL due to its high incidence rate,
which represents the second most common B-cell lymphoma
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