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Background: Precise diagnosis of suspicious breast lesions helps in 

better assessment and management. The aim of this study is to explore 

the role of DCE-MRI and DWI in evaluation of suspicious breast 

lesions (BI-RADS 3 and 4). 

Subjects and Methods: A total of 50 patients with suspicious breast 

lesions (BI-RADS 3 and 4) participated in the study. After giving 

informed consent, all patients were subjected to DWI and DCE-MRI, 

and their findings were compared to histopathology results. DCE-MRI 

curves, borders, and enhancement were described, and DWI findings 

were also extracted. Factors predicting distinction of cancerous tissue 

from benign tissue by DCE-MRI and DWI according to histopathology 

reference have been analyzed.  

Results: Using DCE-MRI, out of 19 patients proven by histopathology 

to have benign lesions, 12 (63.2%) showed mass lesions and out of 29 

patients with malignant lesions 21 (72.4%) had mass lesions 

(p<0.001).Curves of benign lesions were mostly persistent (83.3%) 

whenever malignant curves were either plateau or wash out;(47.6%) 

each (p<0.001).ADC brightness was more frequent in benign lesions 

(p<0.05). The best cut-off of ADC that can differentiate between 

malignant and benign lesions was 1.19 (sensitivity 94.7% and 

specificity 67.7%).DCE-MRI had a sensitivity of 75.8% and specificity 

of 73.7%, while DWI had a sensitivity of 82.8% and specificity of 

73.7%. No statistically significant differences have been noticed 

between benign and malignant breast non-mass lesions regarding any 

of the studied measures (p>0.05). 

Conclusion: DCE-MRI and DWI are crucial in distinction of 

suspicious breast mass lesions. The sensitivity and specificity of DCE-

MRI and DWI as diagnostics have been determined. 
 

                 Copy Right, IJAR, 2019, All rights reserved. 

…………………………………………………………………………………………………….... 

Introduction:- 
Magnetic resonance imaging (MRI) of breast is suggested to be adjunct to mammography in screening women with 

higher risk to develop breast cancer.
1
Although mammography is crucial in clinical practice especially in assessment 

of nodal status and mass sizes, and guiding needle biopsies, its function is restricted by lower sensitivity , presence 

of dense tissue and architectural distortion that could mask the detection of breast cancer.
2
 On the other hand, 
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dynamic contrast-enhanced MRI (DCE-MRI)and diffusion-weighted imaging (DWI) have the ability to differentiate 

between normal and diseased breast tissue with higher sensitivity. Such distinction could minimize the number of 

biopsies, especially in suspicious lesions. Therefore it is gaining popularity in clinical practice as a complementary 

diagnostic tool for breast cancer.
3 

 

Breast DCE-MRI includes typically multiple sequences of post-contrast recorded at different times after injecting a 

contrast agent. The time-signal intensity curves resulting from these sequences reflect the intensity changes induced 

by contrast uptake over different periods. These kinetic curves can be categorized according to the voxel level to 

persistent, plateau and washout, and may helpin diagnosing breast cancer, expecting cancer recurrence, and 

measuring chemotherapeutic response. Other kinetic characteristics such as enhancement pattern in addition to 

shape of lesion may be of diagnostic value in detecting breast cancer and its subtypes.
4-8 

 

However, specificity of DCE-MRI is still questionablein screeningand characterization, because the interpretation of 

breast DCE-MRI dependson many factors such as expertise ofthe radiologistand adequate use of visualization 

techniques, which could result in substantialamount of false positive results.
8,9

 Further, DCE-MRI is an expensive 

technique, and could not be available in most health-settings. Also, it cannot be used for patients with previous 

reaction to contrast agents or those with renal dysfunction.
8, 9 

 

On the other hand, DWI measures the mobility of water in tissue.The movement of water is more restricted in 

tissues with a higher cellular content and numerous intact cell membranes such as those in malignant breast lesions. 

DWI is considered sensitive to disrupted characteristics that could indicate malignancysuch as cell organization, 

density, extracellular space, and cell membrane permeability.This advantage may help inmore precise discrimination 

between benign and cancerous breast lesions.
8 

 

In this regards, the objective of this study is to investigate the role of DCE-MRI and DWI in evaluation of suspicious 

breast lesions (BI-RADS 3 and 4). 

 

Subjects and Methods:- 
In this observational study, a total of 50 patients withsuspicious breast lesions, andcategorized according to Breast 

Imaging Reporting and Data System (BI-RADS) as BI-RADS3 and 4, usingfull-field digital mammography and 

ultrasonography, were recruited for this study. Exclusioncriteria were history of breast implants, lactating, benign 

breast surgery within 1 year, and ineligibility for breast MRI. 

 

Then, all included patients were referred for further DWI and DCE-MRI examination.For premenopausal women; 

MRI was ideallyscheduled the 2
nd

week of the menstrual cycle. 

 

DWI was performed before the DCE-MRI acquisition using a diffusion-weighted echo-planar imaging (EPI) 

sequence with parallel imaging (Philips Intera); reduction factor 2, 7000/71.5,number of excitations 2, matrix 240 × 

240,field of view 34 cm, slice thickness 3 mm, and gap 0. Diffusion gradients were applied in 6 directions with b = 

0, 300, 600 and 1500 s/mm
2
, and the scanning time was 4 minutes. Respiratory triggering was used for better 

resolution.
9, 10 

 

A bolus of gadolinium-dimeglumine (Gd-DTPA) (Magnavist,Schering AG Berlin,Germany) was injected manually 

intravenous at a dose of (0.1mmol/kg) followed by saline flush to ensure that contrast-enhanced images could be 

obtained immediately after contrast agent injection.
9,10 

 

Dynamic T1 WIs wasperformed, using Gradient echo T1-weighted image, with fat suppression at the following time 

points: 1.27 minute, 2.55 minute, 4.21 minute, 5.47 minute and 7.13 minute.
9, 10 

 

Post processing image subtraction was obtained between the post contrast imaging showing maximum enhancement 

and pre-contrast images (in the same axial plane).Diffusion maps were formed. A noise-level threshold of 200 was 

applied to mask the b = 0 s/mm
2
 images before forming diffusion maps, andapparent diffusion coefficient (ADC) 

maps were obtained from the resulting DWIs.
9, 10 

 

Then, DCE-MRI was performed with high field strength 1.5 Tesla on Signa system (Philips Intera) using dedicated 

double breast coil.Coronal T1 weighted spin echo sequence was carried out for localization purpose and followed by 
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plain sequences using T1-weighted fast spin echo sequence (TR=501 msec., TE=10 msec.), in addition to T2-

weighted fast spin echo sequence (TR=4131mesc., TE=120msec.) in axial orientation.
5 

 

For each DCE-MRI–detected lesion at the corresponding location on the combined DWI series, aregion of interest 

(ROI) was defined. The mean ADC of the voxels in the ROI was calculated for each lesion. Quantitative analysis 

was done by placing the ROI at the most enhanced part within the lesion result in automatically created time/signal 

intensity curve.
10 

 

Subtraction images were first examined to detect the presence or absence of lesion enhancement.In case of lesion 

enhancement the corresponding non subtracted pre-contrast and post contrast images in each time point was viewed 

together and lesions interpretation took place whether it a focus, mass or non-mass like enhancement.In case of mass 

enhancement evaluation was carried out as follow; shape, border, pattern of enhancement and dynamic behavior. In 

case of non-mass like enhancement, its distribution and enhancement pattern were evaluated.
5, 10 

 

DWIs and ADC maps were then examined regarding the signal intensity and the mean ADC of each lesion. 

BIRADS classification was applied for each lesion based on the combination of morphologic and kinetic criteria.
5, 10 

Later,a surgical biopsy was performed for all patients and those with non-palpablelesions underwent radio-guided 

occult lesion localization (ROLL) prior to the biopsy. Haematoxylin and eosinstained slides of formalin-fixed and 

paraffin-embeddedtissue blocks were assessed by a pathologist. 

 

The study was conducted in Kasr El-AiniHospital during the period between December 2015 and January 2017. 

Data entry, verification, and validation were carried out using standard computer software. Data were analyzed 

using the software, Statistical Package for Social Science (SPSS Inc. Released 2009, PASW Statistics for Windows, 

version 18.0: SPSS Inc., Chicago, Illinois, USA), then processed and tabulated. Frequency distribution with its 

percentage and descriptive statistics with mean and standard deviation were calculated. Chi-square, t-test, 

correlations were done whenever needed. P values of less than 0.05 were considered significant.  

 

The study was conducted in full accordance with the guidelines for Good Clinical Practice and the Declaration of 

Helsinki, and data for each patient were collected onlyafter obtaining that patient’s signed written data release 

forms. 

 

Results:- 
Out of the 50 included patients with suspicious breast lesions, 2 patients were considered free by both MRI and 

histopathology.  

 

DCE-MRI showed that out of the 19 patients proven by histopathology to have benign lesions, 12 (63.2%) showed 

mass lesions and out of 29 patients with malignant lesions 21 (72.4%) had mass lesions, while focal lesions were 

more associated with benign lesions (p<0.001). Malignant lesions were more likely to show Type III curves; 41.4% 

compared to 0% in benign lesions (p<0.001) (Table 1).  

 

For mass lesions, the margins of the benign lesions tended to be distinct (91.7%), while those of the malignant 

lesions were either indistinct (66.7%) or speculated (23.8%) (p <0.001). Benign lesions were more likely to show 

homogenous enhancement (66.8%), while malignant lesions were more heterogeneous (47.7%) (p <0.05). Curves of 

benign lesions were mostly persistent (83.3%) whenever malignant curves were either plateau or wash out ;( 47.6%) 

each (p<0.001). Further, ADC was significantly higher in benign lesions compared to malignant lesions, and the 

brightness was more frequent in benign lesions (p<0.05). Also, DWI of mass lesions showed that benign lesions 

were more likely to be bright (p<0.05) (Table 1). 

 

On the other hand, no statistically significant differences have been noticed between histopathology-proven benign 

and malignant lesions regarding enhancement, curve shape ADC or DWI (p>0.05) (Table 1). 

 

However, DCE-MRI and DWI did not show good ability in distinction between non-mass cancerous and benign 

lesions, since no statistically significant differences have been shown between both groups (p>0.05) (Table 1). 

 

DCE-MRI was accurate in diagnosing 75% of lesions with a sensitivity of 75.8% and specificity of 73.7%, while 

DWI achieved an accuracy of 77.6% with a sensitivity of 82.8% and specificity of 73.7% (Table 2). 
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The best cut-off of ADC that can differentiate between malignant and benign lesions stood at 1.19 (AUC 0.83, 

sensitivity 94.7%, and specificity 67.7%) (Figure1). 

 

Table 1:-Assessment of MRI findings in regards to histopathological findings 

MRI Histopathology 

Benign (n, %) Malignant (n, %) P value 

Morphology (n=48) Mass 12 (63.2) 21 (72.4) <0.001* 

Non-mass 4 (21.0) 7 (24.1) 

Focal areas 3 (15.8) 1 (3.5) 

Curve (n=48) Type I 11 (57.9) 5 (17.2) <0.001* 

Type II 8 (42.1) 12 (41.4) 

Type III 0 (0.0) 12 (41.4) 

Mass Margin 

(n=33) 

Distinct 11 (91.7) 2 (9.5) <0.001* 

Indistinct 1 (8.3) 14 (66.7) 

Speculated 0 (0.0) 5 (23.8) 

Mass Enhancement  

Pattern (n=33) 

No  2 (16.6) 0 (0.0) 0.024* 

Homogenous 8 (66.8) 7 (33.3) 

Heterogeneous 1 (8.3) 10 (47.7) 

Ring 1 (8.3) 4 (19.0) 

Mass Curve  

Shape (n=33) 

Persistent 10 (83.3) 1 (4.8) <0.001* 

Plateau 2 (16.7) 10 (47.6) 

Wash out 0 (0.0) 10 (47.6) 

Mass Diffusion (n=33) Restricted 8 (66.8) 16 (76.2) 0.762 

Facilitated 4 (33.2) 5 (23.8) 

Mass Quantitative ADC (Mean±Sd) 1.3±0.4 1.0±0.3 0.048* 

Mass Qualitative  

ADC (n=33) 

Bright 7 (58.3) 1 (4.8) 0.001* 

Intermediate 3 (25.0) 13 (61.9) 

Intermediate-

Bright 

2 (16.7) 0 (0.0) 

Low 0 (0.0) 7 (33.3) 

Mass DWI (n=33) Bright 8 (66.6) 0 (0.0) 0.123 

Intermediate 2 (16.7) 16 (76.2) 

Intermediate-

Bright 

2 (16.7) 5 (23.8) 

Non-mass Enhancement  

Pattern (n=11) 

Homogenous 2 (50.0) 1 (14.3) 0.279 

Heterogeneous 2 (50.0) 6 (85.7) 

Non-mass Curve  

Shape (n=33) 

Persistent 0 (0.0) 3 (42.8) 0.073 

Plateau 4 (100.0) 2 (28.6) 

Wash out 0 (0.0) 2 (28.6) 

Non-mass Quantitative ADC (Mean±Sd) 1.4±0.1 1.3±0.3 0.121 

Non-mass Qualitative  

ADC (n=11) 

Bright 2 (50.0) 1 (14.3) 0.378 

Intermediate 2 (50.0) 5 (71.4) 

Low 0 (0.0) 1 (14.3) 

Non-mass DWI (n=11) Bright 3 (75.0) 5 (71.4) 0.721 

Intermediate 1 (25.0) 2 (28.6) 

*p value is considered significant 

 

Table 2:-The diagnostic accuracy of MRI compared to histopathological findings 

Accuracy Histopathology 

Benign Malignant Total 

DCE-MRI Benign 14 (TN) 7 (FN) 21 

Malignant 5 (FP) 22 (TP) 27 

Total 19 29 48 

Sensitivity=TP/TP+FN= 75.8% 
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Specificity=TN/TN+FP= 73.7% 

Positive Predictive Value=TP/TP+FP= 81.5% 

Negative Predictive Value=TN/TN+FN= 66.7% 

Accuracy=TP+TN/TP+TN+FP+FN= 75% 

Accuracy Histopathology 

Benign Malignant Total 

DWI-MRI Benign 14 (TN) 5 (FN) 19 

Malignant 5 (FP) 24 (TP) 29 

Total 19 29 48 

Sensitivity=TP/TP+FN= 82.8% 

Specificity=TN/TN+FP= 73.7% 

Positive Predictive Value=TP/TP+FP= 82.8% 

Negative Predictive Value=TN/TN+FN= 73.7% 

Accuracy=TP+TN/TP+TN+FP+FN= 77.6% 

TP; True Positive, TN; True Negative, FP; False Positive, FN; False Negative 

 

 
Area under the curve (AUC): 0.83; 95%CI 0.70-0.95; Best Cut-off:1.19; Sensitivity: 94.7%, Specificity: 67.7% 

Figure 1:-ROC curve for the best cut-off diagnostic value of ADC to malignancy 

 

Discussion:- 
Identifying precise and effective tools in screening for breast cancer in suspicious lesions is crucial. In the current 

study, the characteristics of cancerous mass lesions have been clearly differentiated from benign lesions, using DCE-

MRI and DWI; due to the differences in type of kinetic curves, enhancement patterns, margins and borders.Both 

quantitative ADC and qualitative ADC have been also shown as predictors for cancerous lesions. Malignant lesions 

in our study were more likely to take mass shape and type III kinetic curves. Malignant mass lesions were 

commonly of indistinct margin, heterogeneous enhancement and plateau or washout curves. Quantitative ADC of 

malignant mass lesions was lower and qualitative ADC was less bright, compared to benign lesions.Also, when 

compared to histopathology as a reference DCE-MRI had a sensitivity of 75.8% and specificity of 73.7%, while 

DWI had a sensitivity of 82.8% and specificity of 73.7%.  
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In consistence with our findings, a recent systematic review over several studies using DCE-MRI for diagnosis of 

breast cancer showed that the kinetic and morphological features of mass lesions described by DCE-MRI can 

differentiate betweencancerous and benign lesions with reasonable sensitivity and specificity.
11 

 

A recent retrospective study over 51 patients with breast cancer and 51 controls showed that kinetic measures of 

DEC-MRI could distinct between breast cancer and benign lesions.The authors also concluded that the abnormal 

enhancement characteristics may represent biological progression of potentialbreast cancer.
12 

 

Other studies have also focused on the role of the morphological features, detected by DCE-MRI, in diagnosing 

breast cancer. The studies showed in details the indication of DCE-MRI in identifying and evaluating breast lesions, 

especially in high risk patients.
13, 14 

 

Also, DWI has been suggested to be useful in assessing the malignant suspicious mass lesions detected on screening 

mammograms and reduce unnecessary biopsies.DWI improves the diagnostic accuracy of breast MRI, since it 

provides information about the cellularity of thelesion.
9 

 

The accuracy of MRI in diagnosing suspicious lesions have been investigated bySardanelli and colleagues 

whoexamined results of 19 patients with suspicious mammographic findings; 5 of these were malignant, 4 of which 

could be diagnosed by MRI achieving a sensitivity of 80%.
15 

 

Alike, Lee et al cited outcomes of MRI for 86 suspicious lesions, 9of them were malignant; and there was 1 

additional incidental malignancy reported among a total 12 MRI lesions.
16

 Similar studies on suspicious lesions, 

however on different sample sizes, have also reached the same conclusion.
17-19 

 

In the current study, we could not find statistically significant differences between benign and malignant non-mass 

breast lesions regarding morphological or enhancement kinetic features of DCE-MRI or DWI.  

 

In agreement, a recently-published study over patients with non-mass lesions showed that DCE-MRI could not 

differentiate for sure between malignant and benign non-mass lesions. The authors concluded that DCE-MRI cannot 

show the subtle histological differencesbetween non-proliferative lesions, proliferativelesions without atypia and 

proliferative lesionswith atypia. They also recommended further histopathology specimens for such cases.
20

 In 

contrary, DWI in one study was more specific than DCE-MRI in defining the nature of non-mass lesions.
21 

 

In our study, ADC values of benign mass lesions were significantly higher than those of malignant mass lesions. 

Previous studies have suggested the efficacy of ADC in the precise differentiation between benign and malignant 

breast lesions, yielding different calculated ADC values and cutoff points.
6, 22 

 

In conclusion, DCE-MRI and DWI are essential in distinction of suspicious breast mass lesions; however their 

ability to differentiate between malignant and benign non-mass lesions is still questionable. The sensitivity and 

specificity of DCE-MRI and DWI are comparable and their diagnostic abilityhas been determined. 
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