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ABSTRACT 

BACKGROUND 

Breast cancer is the second leading cause of cancer deaths in women today. Important risk factors for female breast cancer include 

age (increases as women gets older), genetics, early onset of menarche and late age of menopause, family or personal history of 

breast cancer, obesity, nulliparity, use of HRT and OCPs, consumption of alcohol and a middle to high socioeconomic status. Diffusion-

weighted imaging is a new MR imaging technique in which contrast within the image is based on microscopic motion of water. It is 

reported to be highly sensitive for evaluation of breast cancer and a possible means of differentiating benign and malignant tumour. 

Diffusion is quantified by measuring apparent diffusion coefficient (ADC). This study was performed to determine whether diffusion-

weighted imaging can be useful for diagnosis of mammographically detected BIRADS 3 & 4 lesions, correlating with histopathological 

diagnosis and to derive ADC values which may allow distinguishing benign from malignant lesions. 

 

MATERIALS AND METHODS 

The cross sectional study included 50 women with suspicious breast lesion on mammogram who underwent DWI before biopsy. 

Morphology, kinetic features, diffusion-weighted appearance of lesions and ADCs were evaluated. Apparent diffusion co-efficient 

values were calculated from DWI and compared for benign and malignant lesions and correlated with histopathology in all cases. 

 

RESULTS 

In this study, ADC cut-off for benign and malignant lesions was set as 1.3 x 10(-3) square mm/sec. for ADC provided 80.8% sensitivity 

and 100% specificity. ADC in characterising benign and malignant lesions was significant with p- value of 0.004 (applying t -test). 

Diffusion-weighted appearances of benign and malignant lesion turned out to be statistically significant (McNemar’s test, p value-

0.18). Study also proved that BIRADS 4 categorisation on its own has a sensitivity of 84.62% and specificity of 75%. 

 

CONCLUSION 

This study showed that ADC is an effective and precise parameter to identify and distinguish between malignant and benign breast 

lesions. The corresponding ADC values which can be used to distinguish benign from malignant are also derived as a part of this 

study. Diffusion-weighted imaging is found to be useful in diagnosis of BIRADS 3 & 4 lesions. 
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BACKGROUND 

Carcinoma breast is a significant cause of worldwide cancer 

morbidity and mortality. Breast cancer is the second leading 

cause of cancer deaths in women today.(1) Important risk 

factors for female breast cancer include age (increases as 

women gets older), genetics (mutation of BRCA 1 & 2 genes), 

early onset of menarche and late age of menopause, family 

history of breast cancer in mother or sister, a personal history 

of breast cancer, obesity, nulliparity, use of HRT and OCPs, 
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consumption of alcohol and a middle to high socioeconomic 

status. Triple assessment is essential to evaluate breast 

lesions, which include self-examination, imaging and 

histological diagnosis. 

Diffusion-weighted imaging is a new MR imaging 

technique in which contrast within the image is based on 

microscopic motion of water. It is reported to be highly 

sensitive for evaluation of breast cancer and a possible means 

of differentiating benign and malignant tumour. Diffusion is 

quantified by measuring apparent diffusion coefficient 

(ADC).(2) 

This study was performed to determine whether DWI can 

be useful for diagnosis of mammographically detected BIRADS 

3 & 4 lesions, correlating with histological diagnosis and to 

derive ADC values which may allow to distinguish benign from 

malignant breast lesions. 
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MATERIALS AND METHODS 

Study Period  

August 2011 - September 2013. 

 

Inclusion Criteria 

Patients who are found to be in BIRADS – 3 & 4 category on 

mammography. 

 

Study Design 

Cross-sectional study. 

 

Sample Size 

Based on the results on sensitivity and specificity of diffusion-

weighted imaging and conventional MR mammogram 

appearance of the lesion with histopathology from the 

available literature [Reference: Contribution of Diffusion-

Weighted Imaging to Dynamic Contrast-Enhanced MRI in the 

characterisation of Breast tumours: AJR2011; 196; 210-

217)](3) and with 99% confidence and 10% allowable error 

minimum sample size comes to 10. This study included fifty 

cases. 

 

Methods 

Imaging Techniques 

1. Mammogram is done using Siemens 3000 Nova 

Mammomat Mammography unit. X-rays are produced in 

range of 24-32 KVp with mA values ranging from 100-

150. Craniocaudal & mediolateral oblique views are taken 

usually. Spot compression view, magnification view, true 

lateral view, are done in areas that are suspicious on 

routine mammogram. 

2. MRI Breast is done using GE SIGNA HDXT 1.5T MRI unit 

with dedicated HD 8 channel Vibrant breast array coil. 

Patient is placed in prone position on a dedicated breast 

coil. 

Axial and Sagittal T1 and T2 images are obtained. T1 

weighted images are acquired using a TR of 480 – 500 ms 

and TE of 10 ms. T2 weighted images are acquired using 

TR of 3000 ms & TE of 100 ms. 

3. Axial DWI with single shot echoplanar imaging is 

performed at b values 0 and 700 mm/s. Diffusion-

weighted images are obtained by adding a series of two 

sequential gradient pulses to a 90 – 180 degrees spin-

echo sequence. The first gradient pulse is applied 

between the 90 and the 180-degree pulse. Motion after 

this pulse causes molecules to acquire phase shifts of their 

transverse magnetisation. The second gradient pulse is 

applied immediately after 180 degrees. 

 

ADC values are automatically calculated by placing ROI 

(Region of Interest) well within the confines of the lesion. Fatty 

glandular parenchyma which shows homogenous signal 

intensity on ADC map is used as reference. The ADC values are 

automatically measured by drawing ROI’s. The scanner 

software provides the mean value within the ROI which equals 

the ADC value [multiplied by 10(-3)]. 

 

 

 

 

The cut-off for benign and malignant lesions was set as 1.3 

x10(-3) mm2/sec. This was based on the study done by 

Savannah et al in June 2010 with 91 women.(4) In another 

study done by Lalithe Palle and Reddy et al in 200 patients, the 

sensitivity of ADC values for detection of malignant lesions 

was 97.2% and specificity was 100%.(5) 

 

Image Interpretation 

1. Mammogram  

Following parameters were assessed 

 Glandularity and fibrofatty nature of breast parenchyma. 

 Size, shape, margin, location of the lesion. 

 Evidence of architectural distortion, microcalcifications 

suspicious of malignancy. 

 Retromammary space, overlying nipple areolar complex. 

 Axillary lymph node involvement. 

 

2. MR Mammogram 

 Glandularity of breast parenchyma. 

 Lesion morphology and signal intensity in T1 and T2 

weighted images were interpreted. 

 

3. DWI 

 Diffusion-weighted appearance of the lesion (bright or not 

bright). 

 Absolute ADC values for each lesion were recorded. 

 

Final Diagnosis 

Histological diagnosis based on guided biopsy or resected 

specimen. 

 

Statistical Analysis 

 Validity parameters like sensitivity, specificity, Positive 

predictive value, Negative predictive value, accuracy of 

Diffusion-weighted imaging with histopathological 

diagnosis were computed. 

 To test the statistical significance of the differences in the 

sensitivity and specificity values between the two 

methods, McNemar’s Chi-square test was applied. 

 Absolute ADC values were correlated with the 

histopathological diagnosis by comparing the mean ADC 

values between malignant and benign lesion and its 

statistical significance was tested by applying student’s ‘t’ 

test. 

 

RESULTS 

In this study, ADC cut-off for benign and malignant lesions was 

set as 1.3 x 10(-3) square mm/sec. for ADC provided 80.8% 

sensitivity and 100% specificity. ADC in characterising benign 

and malignant lesions was significant with p- value of 0.004 

(applying t -test). Diffusion-weighted appearances of benign 

and malignant lesion turned out to be statistically significant 

(McNemar’s test, p value-0.18). Study also proved that BIRADS 

4 categorisation on its own has a sensitivity of 84.62% and 

specificity of 75%. 
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1. Case of Fibroadenoma 
 

 

T2 
 

 

 

DWI 

 

 

ADC 
 

2. Case of Invasive Ductal Carcinoma 

 

 

T2 

 

DWI 

 

 

ADC 

 

 

3. Case of Intracystic Papillary Carcinoma in Papilloma 

 

 

T2 

 

 

 

DWI 
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ADC 

 

4. Case of Phyllodes Tumour 

 

 

T2 

 

 

 

DWI 

 

 

ADC 

 

5. Case of Invasive Ductal Carcinoma 

 

 

T2 

 

 

DWI 

 

 

ADC 

 
 

DISCUSSION 

This study included 50 patients who are found to be in BIRADS 

3 & 4 category on mammography. These patients underwent 

MRI (Axial and sagittal T1 and T2 images were obtained). DWI 

was performed at b value of 1000 square mm/sec. ADC values 

were calculated by placing ROI within confines of lesion. 

Tissue diagnosis was obtained in all of these patients either by 

biopsy or resection. 

Majority of the patients were in the age group between 40-

60 years. 

Thirty nine out of 50 women presented with a lump in the 

breast of which 26 were malignant. Rest of the patients 

presented with pain and nipple discharge. Seven patients had 

a previous history of malignancy of which 3 had recurrence. 
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Twelve patient had dense breast of which only 3 had 

malignancy. In this study, there was no statistically significant 

association of malignancy with increasing glandularity and 

location of the lesion. 

 

Role of DWI and ADC in Characterising Benign and 

Malignant Lesion 

In this study, ADC cut-off for benign and malignant lesions was 

set as 1.3 x 10(-3) mm2/sec. This was based on the study done 

by Savannah et al in June 2010 with 91 women.(4) Another 

study done by Lalithe Palle and Reddy et al in 200 patients, the 

sensitivity of this ADC cut-off for detection of malignant lesions 

was 97.2% and specificity was 100%.(5) 

Out of total 50 cases, histopathologically 24 turned out to 

be benign and 26 were malignant. The mean ADC for benign 

lesions was 1.7 and for malignant was 1.27. This difference 

was statistically significant with a p-value of 0.004. This was in 

concordance with the study done by Yong Guo et al in 2002 

with 52 patients with a p- value of less than 0.01.(6) 

Out of 26 histopathologically proved malignant lesions, 21 

cases were malignant based on ADC values, giving the 

technique, a sensitivity of 80.8% and specificity of 100% was 

attained. The 5 false negative cases were small in size 

measuring less than 1 cm. This inaccuracy may be due to poor 

resolution inherent with DWI or due to distribution of 

infiltrating cells, which lack cohesion and will be difficult to 

detect on low–spatial resolution images. This is comparable 

with the study done by Woodhams et al in 2011.(7) 

False negative cases with higher ADC values were 

encountered in lesions with central necrosis and haemorrhage 

in a study conducted by Lalithe Palle and Reddy in 200 

patients.(5) However, in our study, we did not encounter cases 

with central necrosis and haemorrhage. 

Because of high cellularity, majority of the invasive ductal 

carcinomas demonstrate higher signal intensity and lower 

ADC values than do the benign tumours. 

Out of 32 diffusion bright lesions, 22 (84.6%) turned out to 

be malignant and 10 (41.7%) turned out to be benign with 

sensitivity of 84.62%, specificity of 58.33%, positive predictive 

value of 68.75% and negative predictive value of 77.78%. 

These false positive diffusion bright benign lesions turned 

out to be bloody cysts, abscess, intraductal papilloma, benign 

epithelial hyperplasia and fibrocystic change. This is due to 

high water content and high viscosity of bloody cysts and 

abscess. Haemorrhage may have high signal intensity and low 

ADC value, consequently it can be misdiagnosed as a malignant 

lesion. 

Out of 18 lesions which were not bright on DWI, 14 

(58.3%) turned out to be benign and 4 (15.4%) turned out to 

be malignant. These false negative cases were DCIS (HP –

Fragmented core of fibrocollagenous tissue) and Invasive 

ductal carcinoma with central necrosis and fibrosis. This was 

consistent with study conducted by Reiko Woodhams et al in 

2011.(7) 

Out of 40 T2 hypointense lesions, 23 (88.5%) were 

malignant and 17 (70.8 %) were benign. In this study, T2 

hypointensity in characterising malignant and benign lesions 

turned out to be statistically insignificant. 

 

 

Cysts, fibroadenoma, and fibrocystic disease demonstrate 

high signal intensity on T2 weighted images, however, signal 

intensity of these benign tumours is variable on DWI and may 

be influenced by b-value.(7) 

The combination of high signal intensity at Diffusion-

weighted imaging, low ADC value, and hypointensity at T2 

weighted imaging is a potential indicator of malignancy. Out of 

22 BIRADS 3 cases, 18 turned out to be benign (81.8%) and 4 

(18.2%) turned out to be malignant. All the 4 malignant lesions 

were bright on diffusion. Out of 28 BIRADS 4 lesions, 22 (78.6 

%) turned out to be malignant and 6 (21.4%) turned out to be 

benign. 

BIRADS 4 categorisation on its own had a sensitivity of 

84.62% and specificity of 75%. 

Within the BIRADS 4 group (n=28), the diffusion-weighted 

imaging had a sensitivity of 81% and specificity of 100% to 

detect malignancy. The BIRADS 4 has comparable sensitivity 

and specificity to ADC for detecting malignancy. 

All the 4 histopathologically proved malignant BIRADS 3 

lesions were bright on diffusion-weighted imaging. This shows 

that diffusion helps to diagnose breast cancers which may 

have been missed by BIRADS staging. This was consistent with 

retrospective study done in 171 patients by Mitsuhiro et al in 

2009. 

The results suggest that DWI may be helpful in reducing 

the number of unnecessary biopsies following categorisation 

into BIRADS 3 and 4 group. ADC values are useful in 

differentiating between DCIS and invasive breast carcinoma as 

well as in prognostication in a study done by S Y Chovi et al.(8) 

A ROC curve analysis was used to determine the optimum 

cut-off values of mean ADC among malignant and benign 

lesions. Accordingly, the cut-off values of ADC 1.25 X 10(-3) 

mm2/sec was derived with 80.8% sensitivity and 100% 

specificity and area under the curve (AUC -0.841) for ADC was 

obtained to differentiate malignant from benign diseases. 

Diffusion-weighted imaging is a promising new tool for the 

characterisation of suspected breast cancer. When used in 

conjunction with mammography and conventional MRI, 

diffusion-weighted imaging has a potential to diagnose 

malignancy which would be otherwise missed. A study with a 

larger cohort of patients with more number of DCIS patients 

would further clarify the role of DWI in carcinoma breast. 

 

Draw Backs and Limitations 

 Voluntary patient movement, a potential source of image 

artifact by causing image misregistration, which leads to 

false ADC values. 

 Low spatial resolution- Small cancer foci including DCIS 

and scattered foci of invasive lobular cancer may not be 

depicted at DWI. High SNR and high b-value can be used 

to increase the spatial resolution of DWI thereby allowing 

detection and characterisation of smaller lesions. 

 Haemorrhage may have high signal intensity and low ADC 

values, misdiagnosed as malignant lesions. Fat 

suppressed T1 weighted images need to be interpreted in 

conjunction with DWI to avoid misdiagnosis. 

 Small-sized lesions could not be researched thoroughly. 

Study with different ranges of “b” values could not be 

conducted due to time constraints.(7) 
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CONCLUSION 

 ADC is an effective and precise parameter to identify and 

distinguish between malignant and benign breast lesions. 

The corresponding ADC values which can be used to 

distinguish benign and malignant lesions are also derived 

as a part of the study. The cut-off values of ADC 1.25 X 10(-

3) mm2/sec was derived with 80.8% sensitivity and 100% 

specificity. 

 Diffusion-weighted imaging is found to be useful in 

diagnosis of BIRADS 3 and 4 lesions. 

 ADC values reported among studies vary widely due to 

widespread difference in MR protocols. Therefore, 

standardisation of diffusion-weighted protocols need to be 

established to ensure reproducibility at various centres. 

This will contribute to the implementation of ADC 

measurement for tumour characterisation in future.(9) 
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