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Cancer and particularly breast cancer is one of the most common
diseases among women worldwide. Early detection of breast cancer
is a major challenge for physicians and is key in successful treatment
and patient survival. This study introduces some data mining methods
for the prediction of breast cancer based on a dataset containing 683
independent records with 9 features from the UCI machine learning
repository. The models were used to diagnose benign and malignant
breast cancer. Results showed that the accuracy of Multi-Layer
Perceptron Neural Network (MLP), Learning Vector Quantization
(LVQ) Neural Network, Radial Basis Function (RBF), Fuzzy Clustering
(KFC), Adaptive Neuro-Fuzzy Inference System Model (ANFIS) were
97.5%, 97.5%, 98.3%, 75% and 99.2%, respectively. Early diagnosis
of breast cancer disease reduces the cost of treatment and increases
the chance of successful treatment. This study demonstrated that
neuro-fuzzy inference system performed better than other models for
breast cancer diagnosis. In this study, while diagnosing breast cancer,
it was illustrated that models based on fuzzy neural inference had a
more acceptable performance than other methods in diagnosing
breast cancer. The proposed model can assist the medical community,
particularly mammography specialists.
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EXTENDED ABSTRACT

Introduction

One of the most common cancers among women is breast cancer, affecting
approximately 10% at different stages of life. In this disease, malignant (cancerous) cells are
formed in the breast tissue. Although the prevalence of this disease is rare before the age of
25 to 30 years, the occurrence of this cancer at younger ages has been reported, making
breast cancer to be one of the most common cancers among women. Early diagnosis of this
disease is one of the greatest challenges for physicians and plays a very key role in successful
treatment and patient longevity.

Methodology

The present research was a diagnostic study, categorizing the state of breast cancer in
terms of benign or malignant based on the input variables. The data used in this research
was obtained from the dataset of breast cancer patients of Wisconsin Hospital, available in
the California Machine Learning Database. In this research, models were presented based
on data mining so that they have the ability to predict breast cancer. Its database consists of
683 records with 9 clinical variables collected from breast cancer patients at Wisconsin
Hospital which is available in the UCI repository dataset.

Table 1 shows breast cancer diagnosis variables and their ranges, descriptive statistics
and the Pearson Correlation Coefficients stated for 9 variables.

Table.1. The features of breast cancer diagnosis and their characteristics.

Feature Meant standard Correlation
Feature Range - . .
number deviation coefficient
1 Clump Thickness 1-10 4.44+2.82 0.715
2 Uniformity of Cell Size 1-10 3.65+3.15 0.821
3 Uniformity of Cell Shape 1-10 3.22+2.98 0.822
4 Marginal Adhesion 1-10 3.83+2.86 0.706
5 Single Epithelial Cell Size 1-10 3.23+2.22 0.691
6 Bare Nucleoli 1-10 3.64+3.54 0.823
7 Bland Chromatin 1-10 3.45+2.45 0.758
8 Normal Nucleoli 1-10 3.053+2.87 0.719
9 Mitoses 1-10 1.73+£1.60 0.423

In this study, three different types of neural network including multilayer perceptron
(MLP) neural network, learning vector neural network (LVQ) and radial basis neural
network (RBF) were investigated with the aim of classifying breast cancer. Another suitable
method in predicting whether breast cancer is benign or malignant is the use of the neuro-
fuzzy system or the adaptive fuzzy system, which was used for analysis and investigation in
this study. Fuzzy clustering was also used as an unsupervised learning method. The main
purpose of clustering is to identify common structures in the data to create clusters. In
classical clustering, each sample belongs to only one cluster (for example, malignant cancer
cluster) and cannot be a member of two or more clusters. However, in fuzzy clustering, one
sample can belong to two or more clusters with different degrees. Finally, in this article, the
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diagnosis of breast cancer was made based on two classes, benign and malignant, and the
mean square error criterion was used to evaluate the models.

Results and discussion

In the present study, 683 patients with breast cancer were investigated. The total clinical
variables of the patients included nine risk factors. In all models, 80% of the samples (547
samples) were used for training the networks, 10% (55 cases) were used for validation, and
the remaining data (56 cases) were used for testing the networks. In the current research,
two methods of supervised and unsupervised data mining were evaluated. In the
supervised method, three types of artificial neural networks were used. Furthermore,
neural-fuzzy network was studied in the second part of the research. The best-obtained
accuracy of diagnosing whether cancer was benign or malignant for the multilayer
perceptron neural networks (MLP), learning vector neural network (LVQ), radial basis
neural network (RBF), unsupervised k-means fuzzy clustering (KFC), and adaptive neuro-
fuzzy inference system (ANFIS) were 97.5%, 97.6%, 98.3%, 75%, and 99.2%, respectively.

Conclusion

One of the biggest issues in medical science is disease diagnosis based on various clinical
tests, which sometimes makes the final diagnosis difficult for expert physicians. Data mining
discovers hidden information in big data, which sometimes remains hidden from the view
of medical science specialists. Various methods have been used in the field of prediction,
survival, and recurrence of breast cancer patients, and sometimes the obtained results have
been in support of physician’s decisions. Since the health of women in a society has a direct
role in the health of the family and the mental health of society, a timely diagnosis of breast
cancer increases the chances of successful treatment while reducing the patient's treatment
costs. The results of the study show that the use of the neural-fuzzy method had a better
performance in modeling breast cancer than the artificial neural network method and also
compared to the fuzzy classification method. In this study, multilayer perceptron neural
network (MLP), learning vector neural network (LVQ), radial basis function network (RBF),
as well as unsupervised method of k-means fuzzy clustering (KFC) and adaptive neuro-fuzzy
inference system (ANFIS) were used in order to classify and model breast cancer patients.
Furthermore, the results indicate that although different data mining methods can predict
disease, according to the powerful concept of fuzzy, it is possible to use a neural-fuzzy
network by combining neural network and fuzzy logic. Fuzzy clustering was used to
discover which sample relatively belonged to the benign or malignant cancer cluster.
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