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Abstract

Abstract Breast cancer is the most perilous cancer of all
type. It is the second leading cause of death among women
throughout the world. Breast cancer is preventable and cur-
able if detected at its early stage, but as it cannot be diag-
nosed early through lab tasks and due to its late detection,
the death rate is increasing enormously. Thus, diagnosis
and prediction of breast cancer is always being a challeng-
ing task, which make it alluring study for researchers over
past few years. The work done in field of breast cancer is
not bounded to historical methods. Recent advancement in
the field of technology gives liberty to the researchers to ex-
pand their field of research. Since then various data mining
and machine learning techniques are used on various breast
cancer dataset. Data mining is extracting logical patterns
from given database using machine intelligence. Cluster-
ing is the technique of partitioning unstructured data into
clusters automatically. In this paper, a brief survey of dif-
ferent techniques and models in the field of breast cancer
is portrayed. The paper consists of two parts, first part is
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a comprehensive study of different clinical and non-clinical
approaches used for diagnosis and prediction of breast can-
cer on different dataset. The second part gives an idea of
our proposed hybridized evolutionary model.

Key Words:Breast Cancer, Cohort Intelligence Algo-
rithm (CI), Fuzzy c-mean(FCM).

1 INTRODUCTION

Breast cancer, the contagious, continual and the second leading
source of fatality among women worldwide. It starts evolving from
a single tissue generally from the inner lining of the lobules which
is the main supplier of milk in ducts and the origination looks like
a lymph in the breast. According to a researches, not only women
but in men also breast cancer is the endemic cause of mortality. 1 of
28 women are affected by breast cancer whereas, the ratio of men is
quite less but cant be neglected. The breast cancer if identified at
its early stages, it will be very helpful to identify the root case and
type of tumor [1]. However, the early prognosis of a disease fallout
is one of the most striking and imposing task for physicians. Thus,
over past decennary, rather than using a single method, researchers
have made a number of studies on classification and prediction of
breast cancer. The scope of their study is not limited to clinical
approaches but recent advances in technologies open up the gate to
use various machine learning methods for data classification which
is quite time consuming approach initially. In order to predict and
diagnose breast cancer, Clinical methods that are more likely to
used are mammography, surgical biopsy, magnetic resonance imag-
ing (MRI) and Fine needle aspiration (FNA) with visual interpre-
tation. These methods dont provide high accuracy since doctors
need to look the MRI or mammograms physically which increase
the chance of dangerous error if they have lack of knowledge [4].
This leads to the high demand of computerized tools, algorithms
and models for cancer prediction and diagnosis. Over past years,
researchers use the concept of data mining and/or machine learning
techniques with clinical methods to get better results. Non clinical
methods in generally consists of Data mining and Machine learning
approaches [15]. Data mining is a technique of analyzing humon-
gous data in search of logical patterns and some precise relation
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among variables for finding useful information. Generally, it is the
process of analyzing data and summarizing the result to get mean-
ingful information. It is the most important part of Knowledge
discovery cycle. It became the most useful method in different re-
search domain, most importantly medical. It helps in identification
of patterns and relation among the variables and help in prediction
of the root cause of disease using historical dataset. Data mining is
further classified into methods like Association, Classification, Clus-
tering, Prediction, etc. among which clustering is widely popular.
Machine learning, the is branch of Artificial Intelligence, in which
computer generate the ability to learn on its own without being pro-
grammed. Diverse effective machine learning techniques including
Support Vector Machine (SVM), Decision Tree (DT), Nave Bayes
(NB), Artificial Neural Network (ANN), Bayesian Network (BNs),
Genetic Algorithm (GA) have been extensively applied in cancer
prognosis and diagnosis [5]. Machine learning algorithms uses data
mining techniques along with some learning algorithms for building
models to predict the future outcome of given dataset. Clustering is
processes of partitioning the set of objects into such a manner that
the object having higher similarities are grouped together in a single
cluster as compared to the objects of different cluster on the basis of
predefined scale [9]. Clustering is unsupervised in nature, that have
been used in many research areas like medical, marketing, biology,
etc. and also in wide variety of applications like machine learning,
image processing, pattern recognition and many more. Clustering
algorithm can be either Hierarchical clustering algorithm or Parti-
tional clustering algorithm. Hierarchical clustering is the cluster-
ing technique in which hierarchy of cluster is formed. It generally
uses the concept of tree, where the child node clusters are unique
and at parent node, all item belong to single cluster. Hierarchi-
cal clustering algorithm can further divide into top-down approach
and bottom-up approach. Partitional clustering technique is widely
used for clustering since computational time is low as compared to
hierarchical clustering. In early years, K-means is the algorithm
that are used for breast cancer diagnosis and prediction as it is
very fast and simple algorithm. But due to its shortcomings like
local minima, sensitive to initial cluster center selected, sensitive to
outliers and noise decreases its performance [23] [26]. To over come
these issues, another algorithm that is used is Fuzzy C-mean. Fuzzy
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C-mean (FCM) [32] is highly unsupervised method of clustering in
which every data is provided with a membership function for every
cluster between 0 and 1 which makes objects belonging uncertain
in nature. Generally, fuzzy c-mean is clustering technique in which
data belongs to one or more cluster, possessing different degree for
different cluster. Fuzzy C-mean method is highly used in field of
pattern recognition. Using fuzzy c-mean algorithm over k-mean
because of its better outcomes and using it nonlinear, complex sys-
tems can be easily modeled by implementing human experience
and knowledge. Fuzzy C- mean takes a very long computational
time and sensitive to local minima and noise. Many more heuristic
algorithms like Genetic Algorithm (GA), Outlier Detection Algo-
rithm [ODA] have been discussed in literature surveyed. In past
few years, researchers focus on nature and socio based optimiza-
tion methods like Ant Colony Optimization (ACO), Gbest-Guided
Artificial Bee Colony Algorithm [27], Swarm Intelligence (SI), have
been proposed. These algorithms are inspired from their social
behavior. Later, in 2013 based on candidates self-supervised learn-
ing behavior Cohort Intelligence algorithm (CI) [17] was developed.
Cohort Intelligence algorithm (CI), a novel optimization algorithm
in which candidates tries to improve its behavior either by compet-
ing or by interacting with other candidates in a cohort which helps
in increasing the clustering property and increases computational
efficiency. This natural and society tendency of possessing cohort
nature, learning from one another helps candidates to improve over-
all cohort behavior. Although it is computational efficient and give
quality result, it sticks to local minima and converge slowly.

2 LITERATURE REVIEW

The review of literature presents a brief description of different
techniques with respect to breast cancer. This literature survey is
divided into two parts: Clinical Methods and Non Clinical Methods.
The narration of the algorithms used along with their result and
limitations are presented in this review.

A. Clinical Methods
Clinical methods consist of methods like mammography, sur-

gical biopsy, magnetic resonance imaging (MRI) and Fine needle
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aspiration (FNA). Banu, G.S., [5] propose a diagnostic algorithm
for classification of mammograms. In this 1DContinuous

Wavelet Transformation (CWT) method is applied for feature
selection and Support Vector Machine as classifier. The algorithm
achieved 100algorithm like CWT with Fuzzy c-mean. Also, SVM
shows no minimum squared error as compare to Fuzzy c-Mean and
other classification algorithms. Chang, Y.H., [7] investigated CAD
schemes using artificial neural network to determine the probability
of breast cancer. The Artificial Neural Network was first trained
by Back Propagation (BP) and then by Genetic Algorithm (GA).
BP and GA is applied on both training and testing set and perfor-
mance compared using Receiver-Operating Characteristics (ROC)
curves. Result shows that GA performed better then BP, but not
so significantly. Gayathri, B.K., [11] give a summary on various
image segmentation methods used in breast cancer and stated that
only very few methods are valuable for segmentation on all types of
images. They also discuss how seeding region growing algorithm is
the most appropriate method for dynamic image segmentation on
images. Kamalakannan, J., [12] focuses on abnormality detection
from the mammogram. For pre-processing, Gaussian and Laplacian
Filter are used and the differences of both the filters is measured
for segmentation. Secondly, segmentation of processed image using
OTSU method. Kashyap, K.L., [13] proposed an algorithm that is
used for the detection of abnormalities in mammograms. They used
image processing techniques in which the mammogram image is en-
hanced, segmented and classified using Unsharp masking, Median
filtering and Fuzzy c-mean to find the region of interest (ROI). The
proposed algorithm gives 91% accuracy on Min MIAS database.
Mina, L.M., [20] proposes a system using Artificial Neural Network
(ANN) based on two dimensional wavelet transformation. The pro-
posed system is divided into three phases: pre-processing, wavelet
decomposition analysis and ANN approach which gives 91.64% suc-
cession rate when tested on MIAS database. Ngayarkanni, S.P., [22]
proposed system for automatic segmentation of mammograms im-
ages for classification of cancer using three layered artificial neural
network and weights are adjusted using ID3 algorithm The pro-
posed method was compared with existing algorithms on the basis
of sensitivity, specificity, positive and negative prediction values,
which accounts to 99.78%, 99.9%, 94%, and 95% highest then ex-
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isting algorithms. Ramani, R., [28] done a survey on various clus-
tering techniques used for image segmentation. They found that
these clustering algorithm may increase the efficiency of image re-
covery process but no clustering algorithm gives 100recurrence pre-
diction models that uses structural clinical data. This survey helps
to find out how these models are used to determine the risk a pa-
tient can have after potentially curative treatment like surgery. S.
Saheb Basha, [31] presents a research of how breast cancer mass
is automatically detected in mammograms. They used morpholog-
ical operators for distinguish the affected masses and background
tissues and Fuzzy c-mean clustering for intensity based image seg-
mentation. These methods detect the affected region and cause of
cancer at its early stage that can be missed by pathologists. Verma,
A., [33] surveyed on various image processing techniques for tumor
detection in mammograms. This survey comes to an outcome, that
mammogram is the best practice for tumor detection.

Table 2 summarizes clinical methodologies with their contri-
butions in the field of breast cancer. The literature also summa-
rizes the data sets that are used. [5,11,12,20,31,33] uses Mammo-
graphic Image Analysis Society(MISA) dataset, whereas, 26 uses
Wisconsin Breast Cancer Database (WBCD) and [10,26] uses clin-
ical database.

TABLE I. COMPARATIVE STUDY OF VARIOUS NON
CLINICAL METHODS
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B. Non Clinical Methods
Non clinical methods in generally consists of machine learning

approaches. The algorithms and methods that are used mostly are:
Ahmad, L.G., [1] develop predictive model using machine learn-
ing techniques like SVM, decision tree (C4.5) and ANN and com-
pare their performance on the basis of sensitivity, specificity and
accuracy. The result shows that SVM predicts with high accuracy
(95.7[2] evaluate the performance of SVM and Bayesian Network for
the prediction of survival state of breast cancer patient. The result
shows that SVM outrun Bayesian Network, achieved 74.44Bayesian
network achieved 67.56Genetic Algorithm (GA) and Mutual Infor-
mation (MI) for breast cancer diagnosis. This hybrid approach uses
GA for selecting the optimal set of features, which provided as an
input to Support Vector Machine (SVM) and k-Nearest Neighbour
(k-NN). MI is used to increase the mutual information between fea-
tures. The experimental results notify that this proposed system
is highly effective in cancer prognosis and can be useful for physi-
cians. Asri, H., [4] performs a comparison on different machine
learning algorithms like Support Vector Machine (SVM), Decision
Tree (C4.5), Naive Bayes (NB) and k Nearest Neighbors (k-NN) on
the Wisconsin Breast Cancer (original) datasets to determine the
correctness in classification of data with respect to efficiency and

7

International Journal of Pure and Applied Mathematics Special Issue



effectiveness of each algorithm in term of accuracy, precision, sensi-
tivity and specificity. The result shows that SVM gives highest ac-
curacy (97.13%) with lowest error rate. Bethapudi, P., [6] proposes
a competent diagnosis technique using Genetic Algorithm (GA).
Genetic Algorithm is applied on 3- fold cross validation, gives clas-
sification accuracy of 97.7% which are more accurate then existing
algorithms. Devi, R.D.H., [8] focused on investigating automatic
diagnosis of breast cancer using machine learning approaches. The
proposed model is carried out in three phases: first is cluster for-
mation using Farthest First Clustering algorithm. Second is outlier
detection using Outlier Detection algorithm and last is classifica-
tion of cancer, whether benign or malignant, using J48 classifica-
tion algorithm. The efficiency of model is validated by testing it on
WBCD and WDBC. The numerical analysis shows that proposed
model proves to be best one with highest accuracy accuracy of
99.9% for WBCD and 99.6% with WDBC as compared to existing
algorithms.

Elouedi, H., [9] proposed a hybrid diagnosis approach using De-
cision Tree (C4.5) for classification and Clustering (K-mean) to
improve the classification of malignant cases. Sub dividing the ma-
lignant instances into two cluster improves the result of cancer pre-
diction as compared to initial results. Elshazly, H.I., [10] presents a
generic classification model that depends on rough set method and
Decision rules. Using this method, a comparative study of three dif-
ferent classifiers (Decision Tree (DT), K-nearest neighbour (KNN)
and Nave Bayes (NB)) over three different discretization techniques
(equal binning, entropy and Boolean reasoning) is done. Genetic
Algorithm is used to find the best attributes, whereas, rough set
reduction techniques is applied to find the reducts of data for pre-
diction. Decision Rules are used as a classifier for the evaluation of
performance of predicted results and classes. Kermani, B.G., [14]
presents a hybrid approach using Genetic Algorithm with Neural
Network (GANN) for effective feature extraction. The neural net-
work works better when selected features are effective and relevant.

Kourou, K., [15] describes how effective ML tools detects the
key features from complex datasets. They have discussed few tech-
niques like Artificial Neural Network (ANN), Bayesian Networks
(BNs), Support Vector Machines (SVMs) and Decision Trees (DTs)
that are widely used as predictive models in various cancer research.
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Krishnasamy, G., [16] presents a hybrid data clustering algorithm
known as K-MCI, where they combine k-means with modified co-
hort intelligence algorithm. The proposed algorithm is tested on
different UCI datasets and a comparison is done on the basis of
its performance with well known algorithms. Lafta, H.A., [18] pro-
poses a system using the concept of fuzzy with Genetic Algorithm.
Genetic Fuzzy Rule Based System (GFRBS) attain high perfor-
mance and the system provide the interpretable feature. Medjahed,
S.A., [19] highlight the study of k- Nearest Neighbour (k-NN) algo-
rithm as classification algorithm in field of breast cancer. Different
distance measures and classification rules are used. Experimental
result supports the use of Euclidean and Manhattan distance with
k-NN algorithm. They are effective in terms of classification and
performance but are time consuming in nature. But, the best re-
sults are shown by these distances although the value of k varies
from 1 to 50.

Muhic, I., [21] proposed an approach using Fuzzy C-mean al-
gorithm (FCM) and pattern recognition method that was applied
on Wisconsin breast cancer dataset. Fuzzy C-mean algorithm is
used to classify the dataset into two groups benign and malignant,
whereas, pattern recognition method is used for cluster formation.
This proposed system shows high accuracy as compared to surgi-
cal approaches like Fine Niddle Aspiration (FNA). Odajima, K.,
[23] provides a detailed description of KNN method used in breast
cancer diagnosis. It shows how the accuracy of k-NN is dependent
on number of neighbors and percentage of data used. Ojha, U.,
[24] main objective is to find out the effectiveness of data mining
algorithm in predicting the probability of recurrence of any disease
among the patient. The data mining algorithms that are consid-
ered are classified as: Classification algorithms (C5.0, KNN, Nave
Bayes, SVM) and Clustering Algorithm (Kmeans, EM, PAM, Fuzzy
c-mean). Experimental result shows that classification algorithms
are best predictors

than clustering algorithms, among which SVM and Decision
Tree (C5.0) gives 81accuracy and Fuzzy cmean gives 37among all.

Pawlovsky, A.P., [25] presented how Genetic algorithm (GA)
can be used for increasing the accuracy of k-NN method. Genetic
Algorithm selects the best component for prognosis of breast cancer
that is done by kNN algorithm. This dimensionally reduce the data
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and uses six distances as similarity metrics. Initially 76
accuracy is
achieved but using this method accuracy increases by 79%.

Pawlovsky, A.P., [25] presented a method for evaluating different
settings of k-NN method and select the best one using the result of
test set. Range of its result is dependent on the setting the values
of some of its parameter. Average accuracy achieved is 76% with
90% as maximum value and 62% as minimum value. Pourman-
dia, M., [27] presents a diagnostic system using hybrid of Fuzzy c-
mean and Optimized neural network (ONN). Fuzzy c-mean extract
the efficient features and ONN is used for intelligent classification.
Gbest-guided artificial Bee Colony (GABC) algorithm is used for
selecting the most efficient features for classification. Complexity
is minimum as compared to other methods.

Rashmi, G.D., [29] uses Nave Bayes classification and Nave
Bayes Prediction algorithm to classify and predict whether the can-
cer is Benign or Malignant. Numerical analysis shows that both
the algorithm shows same success and error rate. The algorithms
can be improved to increase the success rate but only for small
instances. Tintu, P.B. [32] uses Fuzzy C-mean for breast cancer
diagnosis which has been applied to UCI data set. By this, they
focused on breast cancer diagnosis using fuzzy approach. The re-
sult shows that this approach classifies the cancer cases with high
accuracy. Wang, Z., [34] proposed a system based on rough set,
SOM neural network and Genetic Algorithm for extracting knowl-
edge from the data for early diagnosis and prediction. Discretize
data using SOM, selection of relevant attributes using Genetic Al-
gorithm (GA) and form diagnosis rule from rough set for decision
making. Rules are used as classifier for performance evaluation of
the system.

Table 2 summarizes non clinical methodologies with their con-
tributions in the field of breast cancer. The literature also sum-
marizes the data sets that are used. In the research papers num-
bered [3,4,6,8,9,10,14,15,16,18,19,20,25,26,27,29,34] uses Wisconsin
Breast Cancer Data Set (WBCD), whereas, [1] uses Iranian Centre
for Breast Cancer dataset, [2] uses Haberman’s survival dataset.
[24] uses Wisconsin Prognosis Breast Cancer (WPBC) for their
study.

TABLE II. COMPARATIVE STUDY OF VARIOUS NON
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CLINICAL METHODS

3 PROPOSED IDEA

Our proposed model is a hybridized data clustering model using
fuzzy c-mean and Cohort Intelligence algorithm (CI) for making
highly optimized clusters for cancer prediction. Using fuzzy c-mean
algorithm over k-mean because of its better outcomes and using it
non-linear, complex systems can be easily modeled by implement-
ing human experience and knowledge. Cohort Intelligence (CI), a
novel optimization algorithm in which candidates show self super-
vised learning behavior in a cohort which helps in increasing the
clustering property and increases computational efficiency. Fig. 1,
represents the overview of our system. The stages of the proposed
system consist of :
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a) Dataset Acquisition: Understanding the input data, trans-
form and convert into required format.

b) Attribute Selection: Selecting the attribute related to breast
cancer prognosis.

c) Data Preprocessing: Manipulation of data by removing miss-
ing values and noisy data.

d) Data Clustering: Clusters are formed using Fuzzy c-Mean
that will further processed using CI.

e) Cluster Optimization: Optimizing the clusters to get a satu-
rated behavior possessed by each candidate.

f) Analysis: Comparison of the result with existing methodolo-
gies.

Fig 1: Overview of Proposed System

4 CONCLUSION

Breast cancer is the contagious source of death among women world-
wide. Early diagnosis and prediction of breast cancer is always be-
ing a challenging task. This paper presented a review of previous
work done in field of breast cancer. Research methods in this field
can be categorized in two ways: Clinical methods and Non clinical
methods. Clinical methods include image processing and segmenta-
tion techniques for breast cancer diagnosis and prediction consider
mammograms, whereas, Non Clinical methods include upcoming
techniques like machine learning and Data mining. A comprehen-
sive study in this area has been given to upsurge the growth of
research. Keeping various drawbacks and future ideas from liter-
ature, we proposed a hybridized evolutionary model, using Fuzzy
c-mean with Cohort Intelligence is proposed for improving the effi-
ciency of data clusters for prediction.
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