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Target Audience: Radiologists, physicists and surgeons with an interest in breast DCE-MR imaging 
Introduction:  
Characterizing the dignity of breast lesions as benign or malignant is specifically difficult for suspicious lesions, when they do not exhibit typical characteristics of 
malignancy. Classification of breast tumors using perfusion and based on dynamic contrast enhancement magnetic resonance imaging (DCE-MRI) is promising, though 
a challenging task. Various features have been proposed in the literature for classification of breast lesions in MRI. In DCE-MRI, however, contrast enhancement makes 
the definition of additional enhancement/kinetic features possible. The clustering result strongly depends on the chosen clustering algorithm and its parameter settings. 
The aim of our study is to evaluate the semi-quantitative parameters for classification of suspicious breast cancer lesions. Support vector machine (SVM) has been 
utilized to classify the database into two groups, and accuracy, sensitivity, and specificity of these parameters in discriminating benign and malignant breast lesions 
have been assessed. 
Materials and Methods:  
Data Acquisition: Pre-operative DCE-MR images of thirty patients with histologically proven breast cancer including high-risk normal, ductal carcinoma in situ, 
fibroids and lobular carcinomas were acquired on a 1.5T MR scanner (Philips Medical Systems) using a 3-D fast spoiled gradient-echo sequence with, TE/TR = 
3.5/7.1 , flip angle = 12º, image matrix = 512×512, slice thickness = 4 mm without gap, and field of view=24×24 to 30×30 cm2 , number of measurements = 8 at 100 
sec/volume. The acquisition was performed before and immediately after injection of 0.2mL/kg of Gadolinium followed by injection of 20cc normal saline solution 
with 3mL/min injection rate.  
Pre-processing: MRI perfusion datasets suffer from motion artifacts due to breathing and patient’s movement. Thus, a non-rigid registration, employing local similarity 
measures, was carried out for motion correction [1]. 
Data Quantification: The region-of-interest (ROI) was placed at the area with most intense enhancement in the suspicious lesion [2]. The signal intensity values of the 
data sets at time step, SI	 , were normalized with the pre-contrast signal intensity SI  to extract relative enhancement  values; RE  = (SI	   −SI	 )/	SI	 ×100. Some 
quantitative matrices are commonly extracted from kinetic DCE-MRI, such as initial enhancement rate, maximal enhancement rate and amplitude, and enhancement 
rate at various time points [3]. In this study, several semi-quantitative perfusion parameters were extracted for each ROI, as indicated in Table 1. 
Classification: Support vector machines (SVM) is a supervised machine-learning 
tool with a wide application in classification studies. The SVMs work based on an 
underlying principle of inserting a hyperplane between the classes and orient it in 
such a way to keep it at the maximum distance from the nearest data points. These 
data points, which appear closest to the hyper-plane, are known as “support 
vectors”. In this study, the SVM classifier is used to automatically recognize 
malignant from benign tumors. The classification algorithm was implemented 
using R project for Windows (R 3.0.2, R Foundation for Statistical Computing, 
Vienna, Austria). The performance of the designed classifier was assessed using 
leave-one-out cross-validation method. 
Results and Conclusions:  
Our experiments were conducted with a database of 77 pathologically proven 
breast tumors (25 benign and 52 malignant). We set 30% data as a testing group 
and used the remaining 70% data to train the SVM classifier. A non-linear SVM 
with a polynomial kernel was exploited as the classifier. There was significant correlations between tumor type (malignant or benign) and	ISI ,	SI , IAUC and SER 
(all with p<.001). To evaluate the performance of the classifier, we used five objective indexes: accuracy, sensitivity, specificity, positive predictive value, and negative 
predictive value. The objective indexes of each parameter in diagnosing malignancy in breast cancers are summarized in Table 2. Our results suggest that a 
combination of all parametric features with low p-value could act as an accurate classifier to discriminate malignancy from benignity in suspicious breast lesions. Using 
the combination of all four features, the accuracy of SVM for classifying malignancies was 97.5%; the sensitivity, 96.49%; the specificity, 100%; the positive predictive 
value, 100%; and the negative predictive value, 95.61%. In conclusion, in this work, an effective combination of semi-quantitative DCE-MRI parameters and an 
accurate classification scheme was proposed to accurately discriminate malignant from benign breast lesions in suspicious breast tumors. 
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             Table 1 Description of semi-quantitative parameters 

Parameter  Description   
 Initial phase maximum signal intensity of tumor to that of normal 

tissue 
 Total percentage intensity enhancement of tumor to that of normal 

tissue 
IAUC60 Initial area under the time-intensity curve during the first post contrast 

TTP Time-to-Peak: the time to the maximum absolute 
enhancement 

WIR Wash-in-Rate 
WOR Wash-out-rate  
SER Signal enhancement ratio 

   Table 2 Sensitivity and specificity of parameters for malignancy prediction 

 Sensitivity (%) 
 

Specificity (%) 
 

Accuracy(%) 
 

PPV(%) NPV(%) 

 83 83 84 67 84 
 84 85 86 68 82 

IAUC60 86 79 83 61 86 
SER 72 83 84 67 79 

Combination of four 
feature 

96.49 100 97.5 100         61 
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