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Abstract: The review was a cross-sectional survey of breast lesions in ladies from Al-Imam Al-Hus-

sein Teaching Hospital, Nasiriyah, Iraq, directed between April 2022 and July 2023. The patients 

were examined with ultrasound and mammogram and went through MRI evaluations utilizing a 

1.5 Tesla MR unit. The outcomes were assessed as per the American School of Radiology BI-RADS 

breast imaging dictionary. A sum of 38 patients were remembered for the review, with a sum of 46 

injuries. All lesions went through histopathological findings, which was viewed as the best quality 

level for the review. The ideal cutoff value was <1.232x10-3 mm2/s, displaying a sensitivity of 100 

percent, specificity of 90%, a positive predictive value (PPV) of 92%, a negative predictive value 

(NPV) of 100 percent, and an accuracy rate of 95.7%. The DCE-MRI exhibited a sensitivity of 96%, a 

specificity of 85%, a positive predictive value (PPV) of 89%, a negative predictive value (NPV) of 

94%, and an accuracy rate of 91.3%. The combined examination of a contrast-enhanced DCE-MRI 

and diffusion-weighted imaging (DWI) brought about an increment of 4% in the sensitivity and the 

specificity by 10 %. The addition of DWI to the standard breast MRI has a sensitivity of 100%, a 

specificity of 95%, a positive predictive value (PPV) of 96%, a negative predictive value (NPV) of 

100%, and an accuracy rate of 97.8%. These outcomes show that DWI is an important instrument for 

portraying breast lesions. 
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1. Introduction 

MRI is essential for detecting breast cancer at an early stage in patients who do not 

show any symptoms, hence decreasing mortality rates [1, 2]. It is advisable to use this 

method for detecting breast issues, assessing breast lumps, and monitoring individuals 

who have undergone treatment for breast cancer in the past. Breast ultrasound, often 

known as Breast US, is a supplementary technique used to analyze and classify breast 

masses that can be felt, evaluate anomalies, and assist with performing biopsies and wire 

localizations [3]. MRI techniques have demonstrated the capacity to enhance the accuracy 

and precision in diagnosing breast cancer; however, accurately determining whether tu-

mors are benign or malignant remains a difficult task. Traditional breast MRI primarily 

examines the structural characteristics and changes in blood flow, [4] offering insights into 

the physical properties of tumors, blood vessels, and their permeability [5]. 

The lymphatic system in the breast comprises the underlying breast tissues, superfi-

cial lymphatics, and the periareolar lymphatic plexus. The axillary lymph nodes are cate-

gorized into levels, with the upper outer quadrant and axillary tail being the most fre-
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quently encountered places [6, 7]. The internal mammary nodes are situated in the inter-

costal gaps adjacent to the internal mammary vessels. Throughout the typical lifespan, the 

makeup of breast tissue undergoes alterations, with younger women possessing a greater 

amount of glandular tissue, while hormone replacement therapy helps to maintain glan-

dular breast tissue. 

Breast MRI is employed to screen women who have a lifetime risk of breast cancer 

that is equal to or greater than 20%, especially those who have a family history or genetic 

susceptibility [8, 9]. It is especially beneficial for people who have undergone breast aug-

mentation and face challenges with mammography. The diagnosis includes suspicious le-

sions, blood nipple discharge, uncertain palpable findings, and inconclusive results. MRI-

guided biopsy is employed to accurately assess the nature of a lesion and to repair tissue 

after surgery. The MRI can also assist in identifying the initial site of the breast tumor, 

detecting invasion of the chest wall, assessing the size of the tumor, and guiding the man-

agement of patients receiving neoadjuvant chemotherapy [10]. 

MRI employs radiofrequency pulses and a powerful magnetic field to visualize the 

distribution of hydrogen atoms in human tissue. The technology offers both 2D and 3D 

imaging capabilities, which accurately represent distinct tissue characteristics. Further-

more, it may be tailored to capture images of specific tissues [11, 12]. MRI is capable of 

detecting paramagnetic compounds, such as gadolinium chelate contrast agents, that have 

the ability to reduce the T1 relaxation period. This enhances the visibility of breast lesions 

and allows for differentiation between cancerous and non-cancerous growths [13]. Neo-

vascular development in invasive breast cancers leads to increased enhancement after IV 

contrast injection, resulting in higher signal intensity and brighter pictures [14]. 

Since 2002, DWI has proven to be effective in differentiating between malignant and 

benign breast cancers. Malignant lesions exhibit a mean apparent diffusion coefficient 

(ADC) value of 1.02±0.17 mm2/s, whereas benign lesions demonstrate an ADC value of 

1.57±0.26 mm2/s. Malignant ADC values are defined as those that are 1.2 or lower, whilst 

benign ADC values are defined as those that are 1.5 or higher. Post-processing involves 

doing a quantitative analysis of ADC values, specifically at the region of interest (ROI), in 

order to prevent necrosis. The cellularity of breast malignancy and ADC value exhibit an 

inverse association [15]. However, it is worth noting that certain benign tumors may pos-

sess high cellularity, leading to low ADC values. Misdiagnosis can occur when abscess and 

hemorrhage exhibit low apparent diffusion coefficient (ADC) values. Non-mass lesions 

such as DCIS and fibrocystic disease may go unnoticed on DWI imaging, where the aim of 

the study was to obtain a cutoff ADC value between benign and malignant breast lesions. 

 

 

2. Patients and Methods 

This study was a planned cross-sectional review conducted in the MRI unit of the 

Radiology Division at Al-Imam Al-Hussein Teaching Hospital, Nasiriyah, Iraq, over the 

period from April 2022 to July 2023. 

All women with uncertain or dubious breast lesions (BIRAD III, IV, V) were identi-

fied by ultrasound and mammogram and referred to the mentioned Radiology depart-

ment. 

All patients underwent an MRI assessment utilising a 1.5 Tesla MR unit (Achieva, 

Philipis) with bilateral sixteen-channel breast loops prior to the administration of contrast 

media. 

A radiologist performed a radiological examination of the breasts prior to the histo-

logical results becoming available. 
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The images were subsequently evaluated on the workstation. Each lesion was iden-

tified in T1, T2, and T2 fat-saturated images, as well as in the contrast-enhanced image. 

Each lesion was evaluated according to the American College of Radiology BI-RADS 

breast imaging, encompassing morphology, size, signal intensity, growth pattern, and lo-

cation. Time-signal intensity curves were generated from individual MR images by posi-

tioning the region of interest at the most enhancing region of the lesion. Lesion type, 

whether mass or non-mass enhancement, was classified as follows: 

With respect to: 

• Shape: (Oval, round, irregular) 

• Edge: (Circumscribed or not, irregular, spiculated) 

• Internal enhancement characteristics (homogeneous, heterogeneous rim enhance-

ment, non-enhancing septa)  

• Non-mass enhancement (central, direct, segmental, local) 

Kinetic Curve Assessment 

A- Persistent, considered as probable benign findings. 

B- Plateau, considered as an intermediate finding. 

C- Washout, considered as probable malignant finding. 

The review utilized SPSS rendition 22 to investigate information on breast lesion pa-

tients, contrasting mean ADC among harmless and dangerous injuries. Different possibil-

ity tables and tests were performed, with a P-worth of <0.05 showing factual importance. 

 

 

3. Results 

Table 1. Age distribution for malignant and benign lesions among the patients 

Age in years 
Benign 

(N = 26) 

Malignant 

(N = 20) 
P-value 

<30 7 26.9% 0 0.0% 

0.024* 

30-39 9 34.6% 5 25% 

40-49 7 26.9% 9 45% 

50-59 1 3.8% 5 25% 

≥ 60 2 7.7% 1 5% 

Mean±SD 

(range) 

36.15±10.99 

(16-60) 

44.6±7.6 

(35-62) 
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Figure 1. The patients were examined to determine the distribution of NME lesions and 

obtain histological data 

 

Figure 2. Shape of mass lesion in relation to histopathological reports among patients 

 

Table 2. ADC value (x10-3 mm2/s) result for benign and malignant lesions among the pa-

tients 

 Benign Malignant P-value 

Mean±SD 1.585±0.182 1.149±0.214 

<0.0001* 

Range 1.330-1.950 0.6-1.480 

*The result was significant at a P-value<0.05. 
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Table 3. Mean ADC value (x10-3 mm2/s) of ductal carcinoma and non-invasive ductal car-

cinoma in situ 

 No. % Mean±SD P-value 

Ductal carcinoma  13 65% 1.089±0.213 
0.041* 

DCIS 2 10% 1.415±0.091 

 

Table 4. Mean ADC- value according to the type of lesions among the patients 

  No. % 
ADC 

P-value 
Mean±SD 

Benign 
Mass 21 80.8% 1.538±0.147 

0.004* 
NME 5 19.2% 1.785±0.087 

Malignant 
Mass 13 65% 1.073±0.201 

0.02* 
NME 7 35% 1.29±0.17 

 

Table 5. ADC Cutoff – value to differentiate between benign and malignant lesions among 

the patients 

Area Under the Curve 

Area 
Std. Er-

ror 
P-value 

Asymptotic 95% Confi-

dence Interval 

Lower Bound 
Upper 

Bound 

0.948 0.032 <0.0001* 0.940 1.000 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ADC Value  

Positive if Greater Than or Equal To Sensitivity Specificity 

1.121 x10-3 mm2/s 100 100 

1.161 x10-3 mm2/s 100 95 

1.232 x10-3 mm2/s 100 90 

1.325 x10-3 mm2/s 100 85 

1.340 x10-3 mm2/s 100 80 

1.364 x10-3 mm2/s 100 75 

1.382 x10-3 mm2/s 100 70 
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Figure 3. The ADC values at the ROC curve 

 

Table 6. DCE-MRI study, DWI, and combined DCE-MRI study sensitivity, specificity, and 

accuracy rate 

 DCE-MRI ADC value BOTH 

Sensitivity 96 % 100 % 100 % 

Specificity 85 % 90 % 95 % 

AUC 0.906 0.950 0.975 

Positive Likelihood Ratio 6.41 10 20 

Negative Likelihood Ratio 0.045 0.0 0.0 

Positive Predictive Value 89% 92 % 96 % 

Negative Predictive Value 94% 100% 100% 

Accuracy rate 91.3% 95.7% 97.8% 

P-value <0.0001* <0.0001* <0.0001* 
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Figure 4. A 54-year-old female breast cancer patient presented with an irregular, ill-de-

fined margin mass lesion and restricted diffusion, resulting in invasive lobular carcinoma 

 

 

4. Discussion 

The review found a cut-off ADC worth of 1.232 x 10-3 mm2/s for recognizing benign 

and malignant lesions, giving 100 percent sensitivity and 90% specificity. The mean ADC 

value for malignant lesions was fundamentally higher than for harmless lesions, demon-

strating a significant statistical difference. This high sensitivity and specificity are in ac-

cordance with past examinations utilizing comparable ADC values [16]. 

The study found that the mean ADC value of DCIS was higher than IDC, possibly 

due to the aggressiveness of the lesion and the interspersed cancer cells with healthy breast 

parenchyma. Tumor cells and chronic inflammatory reaction to proteolysis by means of 

desmoplastic tissue changes lead to a relative or absolute reduction in extracellular water 

content and may thus limit extracellular water diffusion [17] leading to decreased ADC. 

Non-mass-enhancing lesions had higher mean ADC values than mass lesions, and benign 

lesions with benign mass enhancement had higher mean ADC values than those with be-

nign NME. These distinctions can be ascribed to varieties in assessment conventions, ADC 

estimation, and field strength [18]. 

The study found that two NME lesions were misclassified as benign by DWI despite 

having high ADC value readings. This aligns with previous studies comparing mass and 

NME types, but it is not significant. [19] The present study used DCE-MRI diagnostic cri-

teria, demonstrating high sensitivity for breast malignancy but moderate specificity. The 

results showed 96% sensitivity and 85% specificity for contrast-enhanced breast MRI. 
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When combined with ADC values, only one misclassified lesion was falsely taken as be-

nign, increasing the combined DCE-MRI and ADC breast MRI specificity to 95% with 100% 

sensitivity [20]. 

Regarding the age of our patients, was ranging from (16-62) years, with a mean value 

of 36.15 ± 10.99 years for benign lesions and 44.6 ± 6.7 years for malignant lesions. No ma-

lignant lesions were traced under 20 years of age. The size of the mass sore didn't funda-

mentally connect with ADC value, and ductal carcinoma was the most frequent malignant 

lesion, representing 65%. The investigation discovered that all lesions with a sort III kinetic 

curve were malignant, and the type II kinetic curve going among benign and malignant. 

Two NME lesions had an unreliable kinetic curve, showing the kinetic curve type isn't 

dependable for NME lesions. 

Although the result of the distribution of NME was non-significant, but all patients 

with segmental enhancement were malignant lesions, and all local in distribution were 

benign; these coordinate with Tozaki et al. and Imamura et al. studies. 

Shape of the malignant mass lesions in this study was variable, with mainly round 

and irregular in shape in 53.8% and 46.2% respectively, besides. The benign lesions were 

oval and round in shape in 33.3% and 66.7%, separately. This concurs with Hetta et al. In 

the ongoing review, the edge of malignant mass lesions was irregular and spiculated in 

(46.2% and 53.8%) respectively, and all benign masses were had all around the well-cir-

cumscribed margin. This is equivalent with Al-Khawari et al., who revealed that most ma-

lignant lesions showed ill-defined margins while benign lesions showed well-defined mar-

gins. They likewise revealed that the value of morphologic standards, such as the shape 

and edge of the lesion to depict MRI-detected breast lesions, has been restricted by the 

absence of a conclusive characterization plot. 

Regarding the pattern of enhancement, the malignant lesions show a heterogeneous 

pattern in 11 (55%), rim in 6 (30%), clumped in 3 (15%), while the benign lesions show a 

homogenous pattern in 12 (46.2%), heterogeneous in 8 (30.8%), focal 3 (11.5%), and non-

enhancing septa in 3 (11.5%), with significant P-value. This is in concurrence with Tozaki 

et al. 

 

 

5. Conclusion 

DWI is a decent demonstrative tool for breast lesion characterization and is recom-

mended to be on the standard breast MRI examination. 

 

REFERENCES 

[1] P. D. Sasieni, J. Shelton, N. Ormiston-Smith, C. S. Thomson, and P. B. Silcocks, "What is the lifetime risk of 

developing cancer? The effect of adjusting for multiple primaries," Br. J. Cancer., vol. 105, pp. 460-465, 2011, doi: 

10.1038/bjc.2011.250. 

[2] H. Sung, J. Ferlay, R. L. Siegel, M. Laversanne, I. Soerjomataram, A. Jemal, and F. Bray, "Global Cancer Statistics 

2020: Globocan Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries," CA Cancer J. 

Clin., vol. 71, pp. 209-249, 2021, doi: 10.3322/caac.21660. 

[3] S. Paepke, S. Metz, A. B. Salvago, and R. Ohlinger, "Benign Breast Tumours—Diagnosis and Management," 

Breast Care, vol. 13, pp. 403-412, 2018, doi: 10.1159/000495919. 

[4] A. Stachs, J. Schubert, T. Reimer, and S. Hartmann, "Benign Breast Disease in Women," Dtsch. Arztebl. Int., vol. 

116, pp. 565-574, 2019, doi: 10.3238/arztebl.2019.0565. 

[5] R. M. Mann, C. Balleyguier, P. A. Baltzer, U. Bick, C. Colin, E. Cornford, A. N. Evans, E. M. Fallenberg, G. Forrai, 

M. H. Fuchsjäger, et al., "Breast MRI: EUSOBI recommendations for women’s information," Eur. Radiol., vol. 25, 

pp. 3669-3678, 2015, doi: 10.1007/s00330-015-3807-z. 



 644 
 

  
Central Asian Journal of Medical and Natural Science 2024, 5(4), 636-644.                 https://cajmns.centralasianstudies.org/index.php/CAJMNS 

[6] R. M. Mann, N. Cho, and L. Moy, "Breast MRI: State of the Art," Radiology, vol. 292, pp. 520-536, 2019, doi: 

10.1148/radiol.2019182947. 

[7] P. Clauser, B. Krug, H. Bickel, M. Dietzel, K. Pinker, V. F. Neuhaus, M. A. Marino, M. Moschetta, N. Troiano, T. 

H. Helbich, et al., "Diffusion-weighted Imaging Allows for Downgrading MR BI-RADS 4 Lesions in Contrast-

enhanced MRI of the Breast to Avoid Unnecessary Biopsy," Clin. Cancer Res., vol. 27, pp. 1941-1948, 2021, doi: 

10.1158/1078-0432.CCR-20-3037. 

[8] S. Y. Choi, Y. W. Chang, H. J. Park, et al., "Correlation of the Apparent Diffusion Coefficient Values on Diffusion-

Weighted Imaging with Prognostic Factors for Breast Cancer," Br. J. Radiol., vol. 85, no. 1016, pp. 102-108, 2012. 

[9] S. C. Partridge, C. D. Mullins, B. F. Kurland, M. D. Allain, W. B. DeMartini, P. R. Eby, et al., "Apparent Diffusion 

Coefficient Lesions: Effects of Lesion Type and Size," AJR Am J Roentgenol., vol. 194, pp. 1664-1673, 2010. 

[10] M. Tozaki and K. Fukuda, "High-Spatial-Resolution MRI of Non-Masslike Breast Lesions: Interpretation Model 

Based on BI-RADS MRI Descriptors," AJR Am J Roentgenol., vol. 187, pp. 330-337, 2006. 

[11] C. I. Li, D. J. Uribe, and J. R. Daling, "Clinical Characteristics of Different Histological Types of Breast Cancer," 

Br. J. Cancer., vol. 93, no. 9, pp. 1046-1052, 2005. 

[12] H. Al-Khawari, R. Athyal, A. Kovacs, et al., "Accuracy of the Fischer Scoring System and the Breast Imaging 

Reporting and Data System in the Identification of Malignant Breast Lesions," Hematol Oncol Stem Cell Ther., 

vol. 2, no. 3, pp. 403-410, 2009. 

[13] L. Liberman, E. A. Morris, M. J. Lee, et al., "Breast Lesions Detected on MR Imaging: Features and Positive 

Predictive Value," AJR Am J Roentgenol., vol. 179, pp. 171-178, 2002. 

[14] L. Liberman, E. A. Morris, D. D. Dershaw, A. F. Abramson, and L. K. Tan, "Ductal Enhancement on MR Imaging 

of the Breast," AJR Am J Roentgenol., vol. 181, pp. 519-525, 2003. 

[15] A. Matsuoka, M. Minato, M. Harada, H. Kubo, Y. Bandou, A. Tangoku, et al., "Comparison of 3.0- and 1.5-T 

DWI in the Visibility of Breast Cancer," Radiat Med., vol. 26, no. 1, pp. 15-20, 2008. 

[16] S. C. Partridge, N. Nissan, H. Rahbar, A. E. Kitsch, and E. E. Sigmund, "Diffusion-Weighted Breast MRI: Clinical 

Applications and Emerging Techniques," J. Magn. Reson. Imaging., vol. 45, pp. 337-355, 2017, doi: 

10.1002/jmri.25479. 

[17] R. Woodhams, K. Matsunaga, K. Iwabuchi, S. Kan, H. Hata, M. Kuranami, M. Watanabe, and K. Hayakawa, 

"Diffusion-Weighted Imaging of Malignant Breast Tumors: The Usefulness of Apparent Diffusion Coefficient 

(ADC) Value and ADC Map for the Detection of Malignant Breast Tumors and Evaluation of Cancer Extension," 

J. Comput. Assist. Tomogr., vol. 29, pp. 644-649, 2005, doi: 10.1097/01.rct.0000171913.74086.1b. 

[18] E. A. Azab and M. E. Ibrahim, "Diffusion-Weighted (DW) MRI Role in the Characterization of Breast Lesions 

Using Absolute and Normalized ADC Values," Egypt. J. Radiol. Nucl. Med., vol. 47, pp. 564-570, 2018, doi: 

10.1016/j.ejrnm.2018.01.009. 

[19] H. Okuma, M. Sudah, T. Kettunen, A. Niukkanen, A. Sutela, A. Masarwah, V.-M. Kosma, P. Auvinen, A. Man-

nermaa, and R. Vanninen, "Peritumor to Tumor Apparent Diffusion Coefficient Ratio is Associated with Bio-

logically More Aggressive Breast Cancer Features and Correlates with the Prognostication Tools," PLoS ONE, 

vol. 15, p. e0235278, 2020, doi: 10.1371/journal.pone.0235278. 

[20] A. Surov, P. Clauser, Y. W. Chang, L. Li, L. Martincich, S. C. Partridge, J. Y. Kim, H. J. Meyer, and A. Wienke, 

"Can Diffusion-Weighted Imaging Predict Tumor Grade and Expression of Ki-67 in Breast Cancer? A Multicen-

ter Analysis," Breast Cancer Res., vol. 20, p. 58, 2018, doi: 10.1186/s13058-018-0991-1. 

 


