Combining SVM and Rule Based Classifiers for optimal classification in breast cancer diagnosis
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Breast cancer is the second leading cause of cancer deaths in women today (after lung cancer) and is the most common form of cancer among women worldwide, occurring in nearly one out of ten women. The key to surviving breast cancer is early detection and treatment [1, 2]. 

Mammography is nowadays accepted as the most effective method to detect breast cancer. Thanks to the mammography, many important findings, that may be associated to the existence of breast cancer, are revealed. One of these findings is the breast microcalcifications [3, 4]. The microcalcifications are the smallest structures identified on a mammogram and they are easily or hardly distinguished on the mammograms depending on the existing tissue background.

The subtle nature of these radiographic findings, or other factors such as poor image quality and oversight by the radiologist, may lead to missed detections of breast cancer or misclassifications. In general, the interpretation of a mammogram is many times a difficult task, especially for not experienced radiologists [5]. The successful development of computer aided diagnosis (CAD) systems would be of great value, if these systems can provide a reliable second opinion to the radiologist [6, 7]. 

A system, called “Hippocrates-mst”, has been already developed in the lab and is based on detailed analysis and evaluation of related features of microcalcifications (individually and in clusters) [8-11]. After the detection of the existing microcalcifications in a selected region of the breast, a rule-based decision tree classification scheme is applied for the final risk assessment. This system has very good sensitivity while suffering from low specificity.

In this paper, we present an approach based on the binary methodology support vector machines (SVM) [12-15] for the classification and characterization of clustered microcalcifications in digitized mammograms, using the aforementioned CAD system. We tested the performance of various SVM schemes and we compare them with the existing CAD system using a database of 155 (118 benign and 37 malignant) clinical mammograms provided from collaborating diagnostic centres focused on breast examination. 

One of the major problems that we had to face was the unbalanced set due to the small number of the available malignant cases. For this reason, we conducted three different experiments, using each time different training set and technique (simple test method, Cross-Validation, Leave-One Out), in order to investigate the diagnostic accuracy of the developed system and its generalization ability, exploiting a subset of 105 (80 benign and 25 malignant) mammograms of the original dataset. Each experiment leads to a different classifier and thus to different classification results. At the end, we test the performance of each classifier as well as the performance of Hippocrates-mst, using the rest 50 (38 benign and 12 malignant) mammograms. We also combine the four individual classifiers in an appropriate way in order to improve the classification accuracy of the existing CAD system. The proposed binary classifier is demonstrated in figure 1.
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Figure 1. Binary Logical Classifier (BLC)

The results concerning the performance of each classifier on the test dataset of 50 mammograms are listed in Table 1.

Table 1. Classification of breast tumors with the SVM-based classifiers, the existing
 “Hippocrates-mst” system and the proposed Binary Logical Classifier

	
	ACCURACY(%)
	SENSITIVITY(%)
	SPECIFICITY(%)

	SVM classifier #1
	76.0
	75.0
	76.32

	SVM classifier #2
	70.0
	83.33
	65.79

	SVM classifier #3
	74.0
	41.67
	84.21

	Hippocrates-mst
	44.0
	91.67
	28.95

	BLC Classifier
	72.0
	83.33
	63.16


Concluding, our aim was to investigate the effectiveness of a new classifier and its potentiality to optimize the final diagnosis phase of the “Hippocrates-mst” CAD system, which is mainly suffering from low specificity. The proposed classification scheme can be beneficial for the CAD system, by reducing the number of false positive diagnoses, achieving greater levels of specificity.
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