
 

International Journal of Multidisciplinary Academic Research  

(ISSN:- 2582-8452) 

    www.multiacademicjournal.com                                             Received date: 07-01-2021                                                                                          

vol. 2 iss. (1) 2021                           Acceptance date: 28-02-2021 
 

 
 

13 

 

Can DWI Improve The differentiation of Benign and Malignant Breast Masses on MRI? 
 

Dr. Malak H. Alawi1, Dr. Azra Begum2, Dr. Mohammed Harraz 3, Dr. Murad M Qronfla4, Dr.Luaiy Hakami i 5, Dr. Nizar 

Almaghrabi 6 
 

1, 2, 5, 6 Department of Radiology, King Abdul Aziz Hospital, Makkah, Saudi Arabia 
3 Department of Radiology, Mansoura University Hospital, Mansoura, Egypt 

4 Department of Radiophysics, Noor Hospital, Makkah, Saudi Arabia 

 
 

Abstract: Early and accurate detection of breast cancer is of crucial importance in its treatment. Diffusion weighted imaging is a promising new 
tool in this aspect.  
Aims and objectives- We performed a study in our hospital in order to determine and to compare the sensitivity, specificity and diagnostic 
accuracy of DWI in differentiation of benign and malignant breast masses with that of DCE-MRI and to determine the cut off ADC value 
between benign and malignant masses.  
Materials and methods- 38 patients who underwent MRI with diffusion, during the period February 2016 till June 2021 were included in the 
study with age range- 16 to 64 years, in whom 56 breast masses were detected on mammography and ultrasound. Contrast enhanced MRI was 
performed on a 1.5 T GE machine and DWI with a b value 800 s/mm2, were acquired. Corresponding ADC values were calculated. Time 

intensity curves were derived from the dynamic contrast enhanced sequences. Sensitivity, specificity and diagnostic accuracy for DWI, DCE-
MRI and combined DCE-MRI with DWI, were calculated using the final histopathological/follow-up diagnosis as the standard reference.  
Results- For the distinction between benign and malignant lesions, DCE-MRI showed a sensitivity of 100%, a specificity of 83.7%, and an 
accuracy of 85.7% while DWI showed a sensitivity of 100%, a specificity of 91.8%, and an accuracy of 92.8%. Combined DCE-MRI and DWI 
showed a sensitivity of 100%, a specificity of 93.9%, and an accuracy of 94.6%. 
The cutoff ADC value with the highest sensitivity and specificity, as determined by the ROC curve, was 1.35 × 10−3 mm2/s. Combination of 
ADC with DCE-MRI helps to improve the differentiation of benign versus malignant masses. DWI is a fast technique, non-invasive, non-
contrast,  radiation free, make it an ideal screening tool in breast cancer screening especially in patients with dense breasts and in breast MRI to 

accurate characterize doubtful breast lesions. 
 
Key words: Diffusion weighted imaging, breast cancer, benign breast masses, malignant breast masses, time intensity curve, contrast MRI of 
breast, ADC values. 

 
Introduction 
Breast cancer is the most common cancer in the women 

worldwide, contributing 25.4%of the total number of new 

cases diagnosed in 2018. [1] 

Thus, the early detection of cancer can prevent a lot of 

untimely deaths. A lot of research has been going on in order 

to develop better and more sensitive tools in the detection of 

malignancy. Mammography and ultrasound are routinely used 

in screening for breast cancer, however, there is need to 

develop more sensitive tools as many cancers are missed or 

diagnosed too late. Dynamic contrast enhanced magnetic 

resonance imaging (DCE –MRI) is one such recent 

advancement in breast cancer detection. It has a greater 
sensitivity and specificity in detection of breast cancers as 

compared to mammography and ultrasound. [2] MRI 

accurately defines the extent of the lesion and also the 

presence of any other lesions, thereby aiding in the 

appropriate surgical planning and follow up in the progress of 

treatment. [3-5] 

The best cure for cancer lies in its early detection. Newer and 

better sequences are being investigated in better 

characterization of lesions on MRI in order to accurately 
differentiate malignant masses from the benign ones. One 

such sequence is the Diffusion weighted imaging (DWI). This 

technique utilizes the property of diffusion of water 

molecules. The more the cellularity of the tissue (as seen in 

malignant masses), the lesser is the diffusion of the water 

molecules, which is termed as restricted diffusion. Thus, this 

technique helps to detect the malignant masses using this 

property of restricted diffusion which is calculated in terms of 

ADC value. The more the diffusion restriction, the lower is 

the ADC value. There have been many excellent reviews that 

can be found in the literature about DWI. It not only helps to 

distinguish between the benign and malignant masses but also 
categorize in situ disease from the invasive disease, and also 

in predicting and monitoring the response to chemotherapy. [6-

30] 

DCE-MRI is an excellent technique Zto characterize breast 

lesions; however it requires the use of contrast. DWI does not 

require any contrast. It is a non-invasive test. Another 

advantage is that it is useful in detecting lesions in dense 

breasts which are not seen on mammograms. Also, it is a fast 
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technique which is not affected by free breathing. However, 

there is signal noise from the background breast parenchyma, 

which decreases its sensitivity in smaller lesions. This can be 

resolved by using background suppression techniques and 

higher b values which increase the contrast resolution 

between malignant masses and normal breast parenchyma. [31-

33] 

DWI along with DCE-MRI showed high sensitivity and 

specificity in detection of malignant breast masses. [34, 35] 

Therefore, in our study, the objective was to compare the 

sensitivity, specificity and diagnostic accuracy of DWI in 

differentiation of benign and malignant breast masses with 

that of DCE-MRI and also when they are used in 

combination. Also, we aimed to determine the cut off ADC 

value between benign and malignant masses. The final 

histopathological diagnosis was taken as the reference 

standard. 

 

Materials and methods 

Ours was a single institute retrospective study approved by 

our institutional review board. It included 38 patients who 

underwent MRI with diffusion, during the period February 

2016 till June 2021. The age range of the 38 patients was 

from 16 to 64 years, in whom 56 breast masses were detected 

on mammography and ultrasound. The lesions that were 

included in our study were those for which benign or 

malignant nature could be confirmed either through biopsy or 

the lesions were confirmed to be benign by previous studies 

(US/Mammogram /MRI) with no significant interval change 
in the size or characteristics for at least a duration of one year. 

Contrast enhanced MRI was performed for these patients on a 

1.5 T GE machine using a dedicated breast coil, and diffusion 

weighted sequences with a b value 800 s/mm2, were acquired. 

Corresponding ADC values were calculated from the 

Diffusion weighted images. Time intensity curves were 

derived from the dynamic contrast enhanced sequences.  

The following sequences were acquired for the MRI 

examination-T1WI, T2WI, DWI-STIR and dynamic post 

contrast MRI. Post contrast T1 WI with fat suppression were 

acquired and the dynamic post contrast imaging consisted on 

one pre contrast T1WI fat suppressed sequence followed by 5 
post contrast serial images. 

DWI using echo-planar imaging in the axial plane(TR/TE, 

4000/94; matrix, 192 × 192; signal average, 3; slice thickness, 

3 mm; distance factor, 20%). 

The diffusion-sensitizing gradients were applied in two 

orthogonal directions, with two b values: 0 and 800 s/mm2. 

The MRI images were viewed by a radiologist with 

experience in breast imaging and the lesions were classified 

according to the BIRADS (Breast Imaging Reporting and 

Data System) for MRI, 5th edition. 

The DWI images were reviewed by the breast imaging 
radiologist and ADC value was determined by selecting the 

region of interest (ROI), avoiding cystic or necrotic areas. 

Cut off ADC value that could differentiate malignant lesions 

from benign were calculated using receiver operating (ROC) 

curves. 

Morphology of the lesions were assessed for the following 

criteria-regular/irregular shape, circumscribed/non 

circumscribed, T2 hypointense, speculated border, angular 

margins, homogenous/heterogeneous/rim enhancement. 

Enhancement time intensity curves were determined by 

placing the ROI over the enhancing lesions, avoiding necrotic 
or cystic areas. Type 1 curve showed persistent continuous 

steady increase in signal intensity with time. Type II curve 

showed initial increase in enhancement but later there was no 

change in signal intensity in delayed phase—appeared like a 

plateau. Type III curve showed initial increase in signal of the 

lesion and reaching a peak after which it declined- early wash 

in and early wash out. Type II and Type III curves were 
considered to be suspicious and Type III curve was 

considered to be malignant. 

In the DCE-MRI, morphology and enhancement curve were 

taken in consideration to distinguish malignant and benign 

masses, according to BIRADS lexicon, 5th edition of the ACR 

(American College of Radiology). 

In DWI, all the masses with high signal on DWI and low 

ADC values were considered as showing restricted diffusion. 

The masses which showed restricted diffusion and low ADC 

values were considered to be malignant whereas those masses 

which showed no restricted diffusion were considered to be 

benign.  
The masses with Birads category 1, 2 and 3 were considered 

as benign and those in Birads category 4 and 5 were 

considered as positive lesions for suspicious malignancy. 

Sensitivity, specificity and diagnostic accuracy for DWI, 

DCE-MRI and combined DCE-MRI with DWI, were 

calculated using the final histopathological/follow-up 

diagnosis as the standard reference. 

The data was collected in the excel sheet and the statistical 

analysis was carried out using Statistical Package for Social 

Sciences(SSPS) software, Version 22.0 (IBM Corp, Armonk, 

NY, USA). 
 

Results 

Our study included at total of 48 patients with 56 breast 

masses, of which 49 were benign and 7 were malignant. The 

age range of the patients was between 16 to 64 years. The 

sizes of the mass ranged from 1cm to 15 cm (mean of 3.1cm). 

According to the morphological features, it was seen that 

majority of the benign masses had circumscribed borders 

while majority of the malignant masses were T2 hypointense, 

and showed speculated borders, angular margins, 

microlobulations, and irregular shape. (Table 1). 

 

 
 

Fig 1:- Morphological features of the breast masses. 

 
According to the final diagnosis, the benign masses included 

fibroadenomas (n-34), PASH (n-1), benign duct papillomas 

(n-1), fibroadenolipomas (n-2), giant fibroadenomas (n-3), 
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post-operative scar (n-1), fibrocystic changes (n-3), Glandular 

island (n-1), inflammatory process (n-1), and stromal fibrosis 

(n-1). Among the malignant masses, there were invasive 

mammary ca (n-2), invasive ductal ca (n-4), and poorly 

differentiated ca (n-1). (Table -2) 

 

Table 2: distribution of masses based on final diagnosis. 
 

 
LESION BB/M NUMBER PERCENTAGE 

1 PASH B 1 1.78 

2 FIBROADENOMA B 34 60.71 

3 BENIGN DUCT PAPILLOMAS B 1 1.78 

4 FIBROADENOLIPOMA B 2 3.57 

5 GIANT FIBROADENOMA B 3 5.35 

6 POST OP SCAR B 1 1.78 

7 FCC B 3 5.35 

8 GLANDULAR ISLAND B 1 1.78 

9 INVASIVE MAMMARY CA M 2 3.56 

10 INVASIVE DUCTAL CA M 4 7.14 

11 POORLY DIFF CA M 1 1.78 

12 INFLAMMATORY PROCESS B 1 1.78 

13 STROMAL FIBROSIS B 2 3.57 

 

 DCE-MRI, for the distinction between benign and malignant 

lesions, showed a sensitivity of 100%, a specificity of 83.7%, 

and an accuracy of 85.7%. 

DWI, for the distinction between benign and malignant 

lesions, showed a sensitivity of 100%, a specificity of 91.8%, 

and an accuracy of 92.8%. 

Combined DCE-MRI and DWI, for the distinction between 

benign and malignant lesions, showed a sensitivity of 100%, a 

specificity of 93.9%, and an accuracy of 94.6%. 

The mean ADC value was 1.35 ± 0.33 ×10−3 mm2/s  (range 

0.1–2.2x10−3 mm2/s).  

The mean ADCs of malignant lesions was 1.03 ± 0.134× 10–3 

mm2/s and benign lesions was 1.67 ± 0.238 × 10–3 mm2/s (p 

< 0.0001) (depicted in box and whisker plot in Figure 1).  

 

 
 

Fig 1: Box –whisker diagram for ADC values of benign and malignant masses. 

 

Analysis of the ROC curve (Figure 2) showed an area under 

the curve of 0.936 (standard error: 0.033; 95% confidence 

interval: 0.871–1.000; p < 0.0001). The cutoff ADC value 

with the highest sensitivity and specificity, as determined by 

the ROC curve, was 1.35 × 10−3 mm2/s. Receiver operating 

characteristic (ROC) curves of variables of DWI and DCE-

MRI and that of combined DWI with DCE-MRI were plotted. 

(Figures 2,3,4) 

The ROC of DCE-MRI showed area under the curve -0.918, 

while that of DWI showed area under the curve -0.959 and the 

combined DWI with DCE-MRI showed area under the curve-

0.969. 
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Fig:-3 (A) dce mri, (B) adc 
 

 
 

Fig 4:- combined 
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In four cases, the histopathology classified the lesions benign 

but the ADC values were indicative of malignancy (false-

positive results). In those cases with stromal fibrosis, even the 

DCE-MRI showed heterogeneous enhancement and type II-III 

curves suggesting malignancy. However, in two cases of giant 

fibroadenomas and one case of post-operative scarring, 
thought the DCE-MRI was showing features suggesting 

suspicious mass, the ADC values were indicative of benignity 

which was confirmed on histopathology. Thus Combination 

of ADC with DCE-MRI helps to improve the differentiation 

of benign versus malignant masses. 

 

Discussion 

 Early detection of breast cancer has been a major concern 

over the past few years. Though, Mammography and 

ultrasound have been used as screening tools, there is still 

a need to develop more efficacious techniques to 

diagnose malignant breast lesions at the earliest. This 
would go a long way in reducing the morbidity and 

mortality related to breast cancer. Also, it would save 

many patients from undue anxiety and unnecessary 

biopsies for lesions which are considered suspicious and 

which could be proved to be benign on imaging 

techniques alone. One such technique is dynamic contrast 

enhanced MRI of the breast which has shown significant 

improvement in sensitivity and specificity. However, 

there are many cases which cannot be easily or 

confidently classified as benign or malignant. Thus the 

need for further specialized techniques. DWI has shown 
remarkable improvement in solving these issues. Many 

studies done recently have proved DWI to be a promising 

tool for diagnostic challenges in breast imaging. 

 We found that the diagnostic accuracy of DWI with good 

background suppression and high b values was 

comparable to that of DCE-MRI. Our study corroborated 

with the previous studies which showed that combined 

use of DWI and DCE-MRI improves the sensitivity and 

specificity of differentiating benign and malignant 

masses, thereby decreasing the number of unnecessary 

biopsies and patient anxiety. [34, 35]. 
 

In our study, the DCE-MRI showed 7 false positives (stromal 

fibrosis, giant fibroadenomas, fibrocystic changes, post-

operative scar). DWI showed 3 false positives (stromal 

fibrosis, fibrocystic changes, inflammatory process). 

DCE-MRI and DWI both showed false positive in stromal 

fibrosis and fibrocystic change. 

The sensitivity and specificity of DWI shown in previous 

studies were 92% and 94% respectively. [31] This is very 

similar to the values obtained in our study, which showed 

sensitivity and specificity of 100%  and 91.8% respectively, 

while DCE-MRI showed sensitivity of 100% and specificity 
of 83.7%. 

A study done by Spick et al. demonstrated that there was a 

reduction in the number of false positives, and subsequently 

in the MRI guided biopsies, when DWI was used along with 

DCE-MRI. [36]. In their study, they concluded that mean ADC 

values were 1.53 x10-3mm2/s in benign lesions and 1.06x10-

3mm2/s in malignant lesions. [36]. They also calculated the 

ROC curve which showed that if the ADC value was more 

than 1.58 x10-3mm2/s, the lesions were benign. [36]. These 

findings were seen in our study as well. We found 7 false 

positives on DCE-MRI while only 3 false positives when 
DWI was applied. The mean ADCs of malignant lesions was 

1.03 ± 0.134× 10–3 mm2/s and benign lesions was 1.67 ± 

0.238 × 10–3 mm2/s (p < 0.0001). ROC curve demonstrated a 

cut off value of ADC as 1.35x10-3mm2/s to discriminate 

benign and malignant lesions. 

 

A study done by Jiang et al. showed that by taking into 
consideration all the morphological features, enhancement 

patterns, ADC values and kinetic features, the diagnostic 

accuracy of the MRI was improved. 
[37]. Our study corroborated with these findings. In our study 

DCE-MRI, for the distinction between benign and malignant 

lesions, showed a sensitivity of 100%, a specificity of 83.7%, 

and an accuracy of 85.7%. 

DWI, for the distinction between benign and malignant 

lesions, showed a sensitivity of 100%, a specificity of 91.8%, 

and an accuracy of 92.8%. 

Combined DCE-MRI and DWI, for the distinction between 

benign and malignant lesions, showed a sensitivity of 100%, a 
specificity of 93.9%, and an accuracy of 94.6%. 

Analysis of ROC revealed that the ROC of DCE-MRI showed 

area under the curve -0.918, while that of DWI showed area 

under the curve -0.959 and the combined DWI with DCE-

MRI showed area under the curve-0.969. 

Based on the inferences from our study, we would like to 

propose DWI be included as an essential part of every 

screening study for detecting breast lesions, especially in 

patients with dense breasts and high risk. The advantages of 

DWI being non-invasive, very short duration (less than 5 min) 

and high diagnostic accuracy make it an ideal candidate for 
breast screening. This will also decrease the number of false 

positives and unnecessary biopsies. 

Our study had some limitations, which included small number 

of patients, single institute study, one MRI machine,  

We suggest that this study be conducted with larger number 

of patients, using machines of different vendors and in 

multiple institutes  world-wide. 

 

Conclusion 

In conclusion, we would like to state that DWI is an excellent 

technique with a high diagnostic accuracy in differentiating 

benign and malignant breast masses, which would increase 
our confidence in diagnosis, thereby reducing the number of 

false positives and unnecessary biopsies. The fact that it is a 

fast technique, non-invasive, non-contrast,  radiation free, 

make it an ideal screening tool in breast cancer screening 

especially in patients with dense breasts and also an adjunct in 

breast MRI to accurate characterize doubtful breast lesions. 
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