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Abstract 
Aim: To investigate the diagnostic efficiency of apparent diffusion coefficient value (ADC) in diffe-
rentiating benign from malignant breast lesions at 3.0 T diffusion-weighted imaging with different 
pair of b value. Methods: Total 110 patients with 107 lesions (44 benign and 63 malignant) were se-
lected for our study with five different b-values 0, 400, 800, 1200 and 1600 s/mm2. ADC values were 
calculated using different pairs of b values. The cut-off ADC values and diagnostic efficiency were 
evaluated by receiver operating characteristic analysis. Comparison of Mean ADC value for breast le-
sions was determined by using independent sample t test. ROC curves were used for diagnostic effi-
ciency of ADC using different pairs of b values. Results: With increase of b value, mean ADC value de-
creases. The mean ADC values for benign were 1.73 × 10−3 mm2/s for b 0 and 400, 1.57 × 10−3 
mm2/s for b 0 and 800, 1.43 × 10−3 mm2/s for b 0 and 1200 and 1.30 × 10−3 mm2/s for b 0 and 1600 
s/mm2. The mean ADC values for the malignant breast lesion were 1.21 × 10−3 mm2/s for b 0 and 
400, 1.06 × 10−3 mm2/s for b 0 and 800, 0.94 × 10−3 mm2/s for b 0 and 1200 and 0.86 × 10−3 mm2/s 
for b 0 and 1600 s/mm2. ADC diagnostic efficiency for benign and malignant lesion for all the pair 
of b value combination was significant (p > 0.05). The sensitivity, specificity, PPV, NPV and accu-
racy were 80.95%, 90.9%, 92.72%, 76.92%, 85.04% for b 0 and 400; 84.12%, 90.9%, 92.98%, 80%, 
86.91% for b 0 and 800; 84.12%, 90.9%, 92.98%, 80%, 86.91% for b 0 and 1200; 84.12%, 90.9%, 
92.98%, 80%, 86.91% for b 0 and 1600 s/mm2 respectively. Conclusion: DWI is effective in differen-
tiating benign and malignant breast lesion at 3.0 Tesla using ADC with higher b value combination. 
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1. Introduction 
One of the most common types of tumor affecting female nowadays is breast cancer. Annually, over 1,000,000 
new cases are diagnosed worldwide [1]. So to reduce mortality rates caused due to breast cancer we need early 
diagnosis and treatment to increase survival and improve the quality of life, hence diagnostic imaging is neces-
sary with accuracy. Over the past few years, MRI has been used to study breast lesions [2]-[4]. Magnetic reson-
ance imaging is a widely accepted modality as an adjunct to mammography and ultrasonography in the detection 
of primary or recurrent breast cancer [5]. Hence, several studies have been investigating the role of advanced 
MRI techniques, such as diffusion-weighted imaging (DWI), to improve the specificity of diffusion weighted 
MRI for the evaluation of breast carcinoma [6]-[10]. DWI measures the random movement of water molecules 
in tissues, which is detected as the attenuation of the measured signal intensity [11] on Diffusion weighted MRI 
(DWI). Diffusion can be quantified by using the apparent diffusion coefficient (ADC) value to increase the spe-
cificity of DWI [12]. The movement of water molecules is much more restricted in tissues with a higher cellular 
content and associated with numerous intact cell membranes [13] [14] as seen in malignant breast lesion. The cell 
density is increased in malignant breast cancer, which corresponds to lower ADC values [13] [15]-[17] on DWI. 

While the sensitivity of dynamic contrast-enhanced (DCE) MRI in the diagnosis of breast cancer is approx-
imately 85% - 99%, its specificity ranges between 40% and 80% as stated by Kuhl, C.K. et al. [18]. Diffusion- 
weighted imaging (DWI) is the techniques that are performed to increase MRI specificity [7] [8]. The sensitivity 
of MRI for breast cancer detection ranges from 85% - 100% [19] [20], and specificity ranges from only 37% - 
88% [21] [22]. DWI-MRI is used to detect cancers of the body easily as it has shown that diffusion of the water 
molecules in malignant tumors is slower compared to the normal body parenchyma.  

The purpose of this study is to investigate the diagnostic efficiency of the apparent diffusion coefficient value 
(ADC) in differentiating benign from malignant breast lesions at 3.0 T Diffusion weighted MRI with different 
pairs of b value.  

2. Materials and Methods 
2.1. Subjects 
A retrospective clinical breast DWI MRI examination was reviewed from March 2011 to April 2015 in our hos-
pital. The indication for MR imaging were mainly women suspected of breast cancer, high risk women, preo-
perative local staging, follow up after conservative breast surgery, detection of unknown primary cancer and 
women suspected of breast lump in conventional mammography or ultrasonography. This study was approved 
by the institutional review board, and informed written consent was obtained from all patients after the proce-
dure had been explained. Patients enrolled into this study had diagnostic procedure, including the following: a) 
3.0T DW-MRI done prior to surgery b) histopathological confirmed diagnosis after surgery c) Good-quality DW 
MR scans images. Exclusion criteria were 1) Patient with inflammation and cysts 2) Patient with neo-adjuvant 
chemotherapy 3) those with poor DWI or DCE-MRI image quality 4) those with breast implants 5) those who 
fail to fat suppression were excluded from the study as it could give us false readings.  

On the basis of these criteria, we excluded eight lesions in eight patients (two were breast cyst, three were due 
to chemotherapy, two due to poor image quality and one due to breast implants). As a result, the study included 
a total of 110 women with 107 lesions (mean age 46.09 years; range 25 - 68 years) diagnosed with benign and 
malignant breast lesion constituted our study group. The mean size of benign lesions was 1.9 cm (range 0.9 cm - 
4.2 cm), while that of malignant lesions was 4.5 cm (range 1.0 cm - 10.2 cm). Of the 107 lesion 44 were benign 
and 63 were malignant lesion. Among the 44 benign included 22 fibroadenoma, 18 adenosis, 2 papilloma, 1 lo-
bulated tumor and 1 scleorsing adenosis and among 63 malignant tumor included 37 IDC (Invasive ductal Car-
cinoma), 12 DCIS (Ductal Carcinoma in situ), 9 Invasive lobular carcinoma(ILC), 5 mucinous carcinoma, 2 
medullary carcinoma, 1 squamous cell carcinoma and 1 papillary carcinoma. 

2.2. MRI Protocol 
All DWI-MRI was performed on 3.0-T MR System (Magnetom Verio, Siemens, Germany) by using a dedicated 
bilateral breast coil with patients in prone position. Before DWI, standard sequences were acquired, including an 
axial fat-suppressed T2-weighted images turbo inversion recovery magnitude (TIRM; TR/TE,4300/61; inversion 
time, 150 milliseconds; bandwidth, 319 Hz/Px; matrix size, 320 × 320; field of view, 340 mm; number of sig-



V. K. Gupta et al. 
 

 
3 

nals averaged, 2; slice thickness, 4 mm;), axial T1-weighted spin-echo sequence (TR/TE, 6.04/2.45; bandwidth, 
400 Hz/Px; matrix size, 512 × 512; field of view, 340 mm; number of signals averaged, 1; slice thickness, 1.3 
mm;), axial T2-weighted spin-echo sequence (TR/TE, 1000/87; bandwidth, 244 Hz/Px; matrix size, 512 × 512; 
field of view, 340 mm; number of signals averaged, 1; slice thickness, 2.0 mm), and axial T1-weighted 3D 
fat-suppressed fast spoiled gradient-echo sequence (TR/TE, 4.67/1.66; bandwidth, 320 Hz/Px; matrix size, 384 × 
384; field of view, 360 mm; slice thickness, 1.20 mm ) before and eight times after the rapid injection of a bolus 
of intravenous contrast medium (gadopentetate dimeglumine) at a dose of 0.2 mmol/kg body weight infused at 
the rate of 2 ml/sec, followed by 20 ml of saline solution. After the examination, the unenhanced images were 
subtracted from the first and last contrast-enhanced images. 

DCE-MRI images were obtained with a T1W 3D FLASH sequence using spectrally adiabatic inversion re-
covery (SPAIR) for fat suppression. DWI was performed before the DCE-MRI acquisition in an axial plane us-
ing a 2D spin echo-echo planar imaging (SE-EPI) sequence centered on the lesion acquired in 7 minutes 21 
seconds for the DWI scan (b = 0, 400, 800, 1200, and 1600 s/mm2; repetition time (TR)/time to echo (TE): 
10,500/87 ms; bandwidth, 1184 Hz/Px; matrix size, 192 × 192; field of view, 350 mm; number of slices, 26; 
slice thickness, 4 mm; number of signal averaged, 3; PAT mode GRAPPA; acceleration factor PE, 2; total scan 
time 7:21sec. 

2.3. Analysis of MR Images 
All images were transferred to a workstation (Magnetom Verio, Siemens) and the DWI sequence was post 
processed with the software (Magnetom Verio, Siemens) to obtain ADC maps (black-and-white). Two research-
ers retrospectively analyzed the diffusion-weighted (DW) Images and at the time of DWI analysis, readers were 
unaware of histological results. The ADC maps of each lesion were calculated using two b values (0 and 400, 0 
and 800, 0 and 1200, 0 and 1600 s/mm2). The dynamic contrast enhancement MR (DCE-MR) was used as the 
reference to locate the lesion. To achieve standardized conditions for analyses and to avoid contamination of the 
data by adjacent structures, three circular regions of interest (ROIs) were drawn manually in the central region 
of the homogeneous breast lesions in the same location as the five DW imaging and the four ADC maps cited 
above, and the average ADC value was recorded for each b value combination. Apparent necrotic, cystic or he-
morrhagic components were avoided by referring to conventional MR images. 

The ROI sizes were set to a mean diameter of 50 mm2 for breast lesions and the mean value from 3 ROIs 
were recorded for ADC. 

2.4. Statistical Analysis 
Data were analyzed using the IBM SPSS 21.0 software package (SPSS Inc, Chicago, IL, USA). All Quantitative 
data were expressed by mean ± standard deviation. Mean ADC value for benign and malignant breast lesions 
were calculated. Differences in mean ADC between benign and malignant breast lesion were calculated using 
independent sample t-test. Receiver operating characteristic (ROC) analysis was performed to determine the best 
cut off score and area under curve (AUC) for each pair of b value using ADC, so that benign and malignant lesions 
could be differentiated. ROC curve analysis was also used to determine the diagnostic efficiency of the ADC to 
calculate the sensitivity, specificity, PPV, NPV and accuracy rate. Statistical significance was set at p < 0.05. 

3. Results 
3.1. Comparison of the ADC Values of Benign and Malignant Lesions for Different Pairs of  

b-Values 
Table 1 illustrates the mean ADC values for benign and malignant breast lesions for all the pairs of b value (0 - 
400, 0 - 800, 0 - 1200, 0 - 1600 s/mm2) and the results shows that there is significant differences between the 
benign and malignant breast lesions (p < 0.05). The mean ADC value for benign were found to be 1.73 × 10−3 
mm2/s for b0 and 400, 1.57 × 10−3 mm2/s for b0 and 800, 1.43 × 10−3 mm2/s for b 0 and 1200 and 1.30 × 10−3 
mm2/s for b0 and 1600 s/mm2. The mean ADC value for the malignant breast lesion were found to be 1.21 × 
10−3 mm2/s for b0 and 400, 1.06 × 10−3 mm2/s for b0 and 800, 0.94 × 10−3 mm2/s for b0 and 1200 and 0.86 × 
10−3 mm2/s for b0 and 1600 s/mm2. The results shows that the mean ADC values for the malignant breast lesion 
had lower ADC value compared to benign breast lesion for all b values in pair as shown in Figure 1, and the 
mean ADC value decreases with the increase in b value pair for both the benign and malignant breast lesion. 
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3.2. Diagnostic Efficiency of ADC Value Using ROC Curve for Different Pairs of b-Values 
ROC (Receiver Operating Characteristics) curves for all the pair of b values are represented in Figure 2. The  

 
Table 1. Comparison of the ADC values for benign and malignant breast lesions. 

b- values combination 
ADC (×10−3 mm2/s) 

p-value 
Benign Malignant 

0 - 400 s/mm2 1.73 ± 0.31 1.21 ± 0.40 0.00** 
0 - 800 s/mm2 1.57 ± 0.32 1.06 ± 0.38 0.00** 

0 - 1200 s/mm2 1.43 ± 0.30 0.94 ± 0.36 0.00** 
0 - 1600 s/mm2 1.30 ± 0.29 0.86 ± 0.33 0.00** 

Note: *Quantitative data represented as Mean ± S.D. **p –value shows statistically significant (p < 0.05). 
ADC: apparent diffusion coefficient; SD: standard deviation. 

 

 
Figure 1. Mean ADC value at 3.0 Tesla using different pairs of b value in differentiating benign and malignant breast lesion. 
The Mean ADC value is indicated along the y-axis. The mean ADC for malignant breast lesions are significantly lower than 
benign breast lesion for all pair of b-value (0 - 400, 0 - 800, 0 - 1200, 0 - 1600 s/mm2).  

 

 
Figure 2. ROC curves. Receiver operating characteristic (ROC) curves derived from Apparent Diffusion Co-efficient (ADC) 
in differentiating malignant from benign lesions at 3.0 Tesla DWI. The areas under the curves (AUC) at b values of 0 - 400, 
0 - 800, 0 - 1200 and 0 - 1600 s/mm2 were 0.87, 0.88, 0.89, and 0.89 respectively.  
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ROC diagnostic efficiency of ADC for different b value pair were statistically significant in differentiation of 
benign and malignant breast lesion (p = 0.00) (Figure 3, Figure 4). The cut-off ADC value was found to be 1.35 
× 10−3 mm2/s for b 0 and 400, 1.22 × 10−3 mm2/s for b 0 and 800, 1.08 × 10−3 mm2/s for b 0 and 1200 and 0.99 × 
10−3 mm2/s for b0 and 1600 s/mm2 as demonstrated in Table 2. The mean ADC value, which was equal or less 
than the cut-off value, suggested malignant breast cancer. The Sensitivity, Specificity, PPV, NPV and accuracy 
were 80.95%, 90.9%, 92.72%, 76.92%, 85.04% for b 0 and 400; 84.12%, 90.9%, 92.98%, 80%, 86.91% for b0 
and 800; 84.12%, 90.9%, 92.98%, 80%, 86.91% for b0 and 1200; 84.12%, 90.9%, 92.98%, 80%, 86.91% for b0 
and 1600 s/mm2 respectively. Significant result were obtained for all the b value combination (p < 0.05) as 
shown in Table 2 obtained from ROC curves analysis using ADC values in differentiating benign and malignant 
breast lesion at 3.0 Tesla DW-MRI. 

 

 
Figure 3. 44 year female, fibroadenoma left breast. (a)-(e), DWI with b-value of 0 s/mm2, 400 s/mm2, 800 s/mm2, 1200 
s/mm2, 1600 s/mm2 reveals homogeneous high signal intensity in the left breast (arrow) (f)-(i), Apparent diffusion coefficient 
(ADC) map with b-value of 400 s/mm2, 800 s/mm2, 1200 s/mm2, 1600 s/mm2 shows hypo intensity lesion (arrow). The sig-
nal intensity of the benign lesion was significantly higher than the normal glandular tissue, meanwhile with the increasing of 
b-value the signal intensity decreased and the declining degree of signal intensity of benign breast lesion is higher than that 
of malignant lesions shown in Figure 4 for each of the b-values. 

 

 
Figure 4. A 41-year-old woman with invasive ductal carcinoma (IDC) left breast. (a)-(e), DWI with b-value of 0 s/mm2, 400 
s/mm2, 800 s/mm2, 1200 s/mm2, 1600 s/mm2 reveals homogeneous high signal intensity in the left breast (arrow) (f)-(i), Ap-
parent diffusion coefficient (ADC) map with b-value of 400 s/mm2, 800 s/mm2, 1200 s/mm2, 1600 s/mm2 shows low signal 
intensity lesion as restricted diffusion (arrow). 
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Table 2. Diagnostic efficiency of ADC in differentiation of breast lesion using ROC curves. 

Parameter 
b-Value Combination (s/mm2) 

0 - 400 s/mm2 0 - 800 s/mm2 0 - 1200 s/mm2 0 - 1600 s/mm2 

AUC* 0.87 0.88 0.89 0.89 

Cut off Score (×10−3 mm2/s) 1.35 1.22 1.08 0.99 

Sensitivity (%) 80.95 84.12 84.12 84.12 

Specificity (%) 90.9 90.9 90.9 90.9 

PPV (%) 92.72 92.98 92.98 92.98 

NPV (%) 76.92 80 80 80 

ACC (%) 85.04 86.91 86.91 86.91 

p – Value** 0.00** 0.00** 0.00** 0.00** 

Note: *AUC: Area under Curve from ROC curves. **p value shows statistically significant (p < 0.05).  
PPV = Positive predictive value; NPV = Negative predictive value; ACC = Accuracy Rate. 

4. Discussion 
Water diffusion in body tissues is the process that reflects the exchange of different components between the ex-
tra cellular (ECF) and intracellular (ICF) fluid compartment and the interstitial fluid in human body. In normal 
human tissues water movement is affected by the cell membranes and macromolecules within the cell. Diffusion 
Weighted Imaging (DWI) shows the random motion of water molecules and is the only method of measuring 
molecule diffusion [23]. Many research shows that the breast lesions may be differentiated by calculating the 
mean ADC values, with malignant cancer yielding lower ADC values compared to benign or normal tissues 
[24]-[26]. 

In our study we tested the diagnostic efficiency of ADC in differentiating benign and malignant breast lesion. 
The mean ADC value for the malignant breast lesion was significantly lower than the benign lesion for all the 
combination of b values used in our study. This finding was as same as that of the literature stated by [16] [24] 
[27]-[34]. We also noted that with the higher b values combination the ADC value decreases. However, statis-
tical differences (p < 0.05) was seen for all the mean ADC values calculated from different b values combination 
in our study. Many studies related to DWI have shown results in differentiating benign and malignant breast le-
sions with sensitivity ranging from 81% to 93% and specificity from 80% to 88.5% [13] [15] [24] [26] [35]-[37]. 
Our results corroborate with those previous studies and the calculated ADC values from different b values com-
binations and all of them were statically significant.  

We found that diffusion restriction in a lesion as a bright signal (high intensity) on DWI and as dark signal 
(low intensity) on corresponding ADC map, having a Sensitivity, Specificity, PPV, NPV and accuracy rate were 
80.95%, 90.9%, 92.72%, 76.92%, 85.04% for b0 and 400; 84.12%, 90.9%, 92.98%, 80%, 86.91% for b0 and 
800; 84.12%, 90.9%, 92.98%, 80%, 86.91% for b0 and 1200; 84.12%, 90.9%, 92.98%, 80%, 86.91% for b0 and 
1600 s/mm2 respectively for diagnosing malignant breast cancer. This study demonstrates ADC value were same 
for b0 - 800, b0 - 1200, and b0 - 1600 s/mm2 (Table 2). So we conclude that the use of higher b value in combi-
nation can be used in differentiating benign and malignant breast lesion at 3.0 Tesla DWI as per recent me-
ta-analysis by Dorrius et al. [38], also stated result similar to our finding that those of b = 0 and 1000 s/mm2 are 
recommended for the best improvement of differentiating between benign and malignant lesions, hence instead 
of using multiple DWI with different b values it is wise to perform this sequence as per our studied b value 
combination, either with an intermediate or high b value. This way, the acquisition scan time will be shortened, 
which is comfortable for the patients and less artifacts due to movement of patient. Our study has some limita-
tions firstly, the patients group included in this study was comparatively small, and secondly it was a retrospec-
tive study performed in our university so our study could be selection bias. Thirdly, use of only 5 b values in our 
study, so we need to include more b value range in our study. Nevertheless, further study of larger population may 
be needed to confirm the diagnostic efficiency of ADC in differentiating benign and malignant breast lesions. 

5. Conclusion 
The determined mean and cut-off ADC values in different studies should not be accepted as absolute values. We 
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authors believe that each institution should define its own mean and cut-off ADC values for differentiating be-
nign and malignant breast lesions. 
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