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Abstract 

 

Breast cancer is one of the leading causes of deaths worldwide among women. Early tumor 

detection is key in reducing breast cancer deaths and screening mammography is the widest 

available method for early detection. Mammography is the most common and effective 

breast cancer screening test. However, the rate of positive findings is very low, making the 

radiologic interpretation monotonous and biased toward errors. In an attempt to alleviate 

radiological workload, this work presents a computer-aided diagnosis (CADx) method aimed 

to automatically classify tumor lesions into malign or benign as a means to a second opinion. 

The CADx method, extracts image features, and classifies the screening mammogram 

abnormality into one of two categories: subject at risk of having malignant tumor (malign), 

and healthy subject (benign).  In this study, 143 abnormal segmentations (57 malign and 86 

benign) from the Breast Cancer Digital Repository (BCDR) public database were used to 

train and evaluate the CADx system. Percentile-rank (p-rank) was used to standardize the 

data. Using the LASSO feature selection methodology, the model achieved a Leave-one-out 

cross-validation area under the receiver operating characteristic curve (AUC) of 0.950. The 

proposed method has the potential to rank abnormal lesions with high probability of 

malignant findings aiding in the detection of potential malign cases as a second opinion to 

the radiologist. 
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1.- INTRODUCTION 

 

There is no limit of t Breast cancer is one of the leading causes of woman's death all over 

the world (Nishikawa, 2007) . In developing countries breast cancer is an important public 

health issue, where demographic and epidemiological transition is not matched with public 

screening and treatment programs (Knaul et al.). One of the most effective modality for 

detecting the early-stage breast cancer is screening mammography, which is an 

inexpensive tool for classifying abnormalities such as calcifications and masses, as well as 

subtle signs, like architectural distortion and bilateral asymmetry, and is the most effective 

method for detection of breast cancer before it becomes clinically palpable(Ng & 

Muttarak). Screening mammography is a standardized study in which craniocaudal (CC) 

and mediolateral oblique (MLO)views are acquired from each breast and inspected by a 

specialized radiologist. However, detection of abnormalities in screening mammography is 

a repetitive and fatiguing task, which affects the performance of the radiologist over a 

workday. In a normal screening setting, only 0.3% to 0.4%, of the inspections are 

cancerous, resulting in radiologists failing to detect 10% - 30% of those (Sampat, Markey, 

Bovik, & others). In recent years there has been a great effort in research to develop 

computer-aided detection or diagnosis (CAD) systems that use computer technologies to 

assist radiologists in their decisions were a high number of studies must be examined. 

Different approaches have been proposed for detection and characterization of 

calcifications. (H.-D. Cheng, Cai, Chen, Hu, & Lou) and (Sampat et al.) summarize the 

different methods used and their performance. 

 

In this work we propose a methodology to detect and classify lesions present in a 

mammogram for breast cancer that can be used to profile screening mammography 

patients. The methodology takes the set of mammograms from each patient in a database, 

using the ROI delimited by the radiologist extracts a set of features from these images. 

Using a multivariate feature selection algorithm, we were able to identify a set of features 

with high predictive value. The selected features were then used to distinguish between 

benign and malign tumors. This procedure can be used as a biomarker as a second opinion 

to the radiologist, this paper is organized as follows: In Section II we describe the proposed 
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methodology in detail. Section III contains the obtained results from the methodology. The 

results are discussed in section IV and V. 

 

 

 

2.- MATERIALS AND METHODS 

In this research we propose a methodology to aid the radiologist by analyzing the 

suspicious lesions that may indicate sings of breast cancer. The proposed methodology 

extracts a series of features to characterize the lesion, then using advanced machine 

learning techniques, a model to classify said lesions is obtained. The methodology 

overview is presented in Figure 1, briefly, first a subject’s mammogram is presented to the 

radiologist, the radiologist then adjusts the contrast and other values to better visualize the 

possible abnormalities, then if any, the Region of Interest (ROI) is segmented. Afterwards, 

feature extraction is performed in order to characterize the abnormality. Finally, a robust 

Machine Learning technique (LASSO) is performed in order to find the best subset of 

features capable of distinguishing malign from benign lesions. 

 

Figure 1.- Methodology overview. 

 

2.1.- Materials 

In this research a public available dataset Breast Cancer Digital Repository (BCDR) (López 

et al., 2012) was used. This dataset is composed by 1734 patients with mammography and 

ultrasound images, clinical history, lesion segmentation and selected pre-computed image-

based descriptors. Patient cases are BIRADS classified and annotated by specialized 

radiologists. From the above dataset, a subset of 143 abnormal ROI segmentations (57 

malign and 86 benign), a total of 28 features were extracted : 8 features were extracted 

from the intensity descriptors computed directly from the grey-levels of the pixels inside 
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the lesion’s contour identified by the radiologists, 12 texture features were computed from 

the Grey-level co-occurrence matrix related to the bounding box of lesion’s contour, and 

finally  8 features related to the shape and location descriptors of the lesion, the full 

description of said features is presented in Table 1 and Table2.  The dataset contains two 

possible outcome classification ―Benign‖ or ―Malign‖ labeled by the specialized 

radiologist. 

 

Table 1. Texture features. 

 



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

______________________________________________________________________________ 

264 
 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 3 

 

 

Table 2. Shape and localization features. 
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2.1.- Methods 

 

In order to select the most accurate and compact set of features, a multivariate search 

strategy was performed using Least Absolute Shrinkage and Selection Operator (LASSO) 

[38],  LASSO is a shrinkage and selection method that minimizes the usual sum of squared 

errors which penalizes the regression coefficients Equation 1. The multivariate search was 

performed using a using leave-one-subject-out cross validation (LOOCV) strategy [39], 

training the models for every split using N-1  subjects and testing in the left out subject. 
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3.- RESULTS 

 

A 0.9508 Area Under the Receiver Operation Catachrestic (AUC) was achieved using the 

final model obtained using the LASSO methodology. On Figure 2 the ROC curve is 

presented for the final model using the LOOCV. 

 

 

Figure 2.- Model performance using LOOCV, AUC = 0.9508. 

 

From the 28 features pool, the multivariate feature selection methodology LASSO was able 

to reduce the number of features need down to only nine features. The final model included 

a combination of features extracted from the intensity descriptors, texture features and 

features related to the shape and location descriptors of the lesion, summarize the 

performance achieved by each group of feature. The final model with all the statistic 

information is shown in Table 3. 

 

 

 

 



ISSSD 2016 
September 24 to 28

th
, 2016.  Tuxtla Gutiérrez, Chiapas. México. 

______________________________________________________________________________ 

267 
 
Proccedings of the ISSSD 2016                                                                                                                                 Vol. 3 

Table 3.- Final model. 

Feature Estimate Std. Error  z value  Pr(>|z|) 

(Intercept) -0.1755 2.6107 -0.067 0.946413 

i_skewness -2.3165 1.6345 -1.417 0.156424 

s_perimeter 5.2351 2.3877 2.193 0.028343* 

s_x_center_mass -3.0137 1.3466 -2.238 0.025223* 

s_elongation 2.8573 1.4871 1.921 0.054681^ 

s_solidity -6.3953 1.7068 -3.747 0.000179* 

t_energ -0.9427 1.418 -0.665 0.506176 

t_corr -2.7176 5.5612 -0.489 0.625079 

t_sosvh 0.5457 1.3994 0.39 0.696571 

t_inf2h 5.0663 4.938 1.026 0.304903 

*Statistical significance <0.05, ^marginal statistical significance <0.05 

 

The confusion matrix of the final model is presented in the Figure 3, the model achieved an 

accuracy of 0.8462 with 95% CI (0.7764, 0.901), and a Mcnemar's Test P-Value of 5.104e-

05. 

 

 

Figure 3.- Confusion matrix. 
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4.- DISCUSSION 

 

A feature selection strategy was used to find a multivariate model to classify benign from 

the malignant lesions on the breast images. The methodology demonstrates that image 

characterization is a good approach to identify patients with lesions that can be cancer-

related. The automatically generated Logistic regression classifier included features of 

different groups, therefore, texture analyses, and signal properties could add discriminant 

information. 

The LASSO model selection strategy yields reproducible models of healthy versus 

malignant abnormal lesion detection with a LOOCV AUC of 0.9508. Furthermore, the 

detailed analysis of the ROC curve may give us indications of key triaging points for 

prioritizing the mammogram reading. Priority triaging may have real practical usage in 

regions where expert radiological resources are scarce or costly.  

 

The results of the work cannot yet be generalized and the presented findings are limited to a 

single scanner of the public BCDR dataset. Even having these strong limitations, we 

believe that the methodology can be replicated with full-field digital mammography and 

with newer advanced technologies like tomosynthesis. 

 

 

5.- CONCLUSIONS 

 

This research was able to show that healthy lesions, and subjects with malign lesions can 

accurately be classified through models generated via accurate mammography feature 

extraction a feature selection methodology. The methodology demonstrated that abnormal 

lesions can be automated classified regardless of the size, form and shape. The achieved 

performance of the system has the potential to be used as a second opinion, and may be 

used to reduce the unnecessary biopsies. 
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Future work can include the usage of other image transforms to obtain further information, 

this methodology is intended to be used to help the radiologist as a second opinion, and to 

reduce the load of work if the models are used as a screening biomarker that accurately 

classify which subjects have a malign or benign lesion, therefore, reducing the unnecessary 

biopsies. 
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