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ABSTRACT 

Objectives: The purpose of the present study was to evaluate BPE in the contralateral breast of biopsy-proven breast cancer patients 

and comparison of the results with the control group. Patients and Methods: In a case-control study, CE-MRI of the contralateral 

breasts of 40 biopsy-proven breast cancer patients and 40 patients with biopsy-proven benign breast lesions were retrospectively 

reviewed by an experienced radiologist and degree of BPE, and pattern of enhancement of the lesions in the involved breast were 

determined. Finally, BPE was compared between case and control groups using Chi-square test. P-value <0.05 was considered 

significant. Results: In the case group, 4 (10%), 17 (42.5%), 14 (35%) and 5 (12.5%) patients had minimal, mild, moderate and marked 

BPE in the normal contralateral breast, respectively. In the control group, 12 (30%), 24 (60%) and 4 (10%) participants had minimal, 

mild and moderate BPE in the normal contralateral breast, respectively. BPE in the normal contralateral breast was significantly 

higher in the case group in comparison with the control group (P-value: 0.001). In the case group 4 (10%), 26 (65%) and 10 (25%) 

patients had mass-non-mass, mass, and non-mass patterns, respectively. In the control group, 24 (60%) and 16 (40%) participants 

had mass and non-mass pattern, respectively. The pattern of enhancement in the involved breast was significantly different between 

the two groups (P value: 0.002). No statistically significant difference was found in degree of BPE according to enhancement pattern 

subtype of breast lesions in both groups (P value>0.05). Conclusion: Our study revealed that patients with the diagnosis of breast 

cancer have greater degree of BPE in the normal contralateral breast, in comparison with the control group. 

 

Keywords: Background enhancement, High-risk breast cancer, Magnetic Resonance Imaging. 

 

 

1. INTRODUCTION 

Breast cancer (BC) is one of the major health issues of females worldwide. This cancer accounts for one-third of all female 

malignancies and second prevalent lethal cancer in women (Enayatrad et al., 2015). Breast cancer incidence increases with aging, as 

it accounts for 1.5 per 100000 persons in 20-24 year females to the peak of 421.3 per 100000 cases in 75-59 year patients. In this 

order, up to 95% of new cases of breast cancer may be diagnosed in patients with ≥ 40 years. Mean age of BC diagnosis is 61-year-

old (Howlader et al., 2011). This is a while; mean age of BC diagnosis in Iran is 15 years less than the mean age of diagnosis in the 

Western countries. BC incidence has increased in Iran. By improvement of life expectancy and aging of the Iranian population, higher 

incidence of BC is expected in the near future. BC accounts for 502000 deaths per year in Iran. This rate has increased from 1.97 per 

100000 in 2006 to 2.45 per 100000 in 2010, while this rate has decreased in developed countries because of using modified 

screening methods and also new treatment techniques (Enayatrad et al., 2015). Most of BCs are asymptomatic and can be diagnosed 

by a specific breast cancer screening schedule (Moyer, 2014).  

Breast cancer evaluation has a modified schedule from an accurate physical examination to biopsy. Ultra-sonography and 

Mammography are usual modalities used for diagnosis of BC. In special conditions, magnetic resonance imaging (MRI) is 

recommended. Combination of T1, T2 and 3-dimensional images with contrast has 86-100% sensitivity in the diagnosis of BC 

(Ojeda-Fournier and Comstock, 2009 and Hofvind et al., 2008). Diverse risk factors have been mentioned for BC incidence. Beside 

the known factors, other risk factors including breast density in mammography and breast density change in consecutive 

mammography have been assessed widely (Anothaisintawee et al., 2013). Diverse studies about the association of mammographic 

high density of breast (both quantitative and qualitative measurements) and breast cancer have been conducted and the results 

have shown that high density of breast in mammography can be considered as independent moderate risk factor for BC (Harvey and 

Bovbjerg, 2004). The issue in this term is lacking the appropriate model for risk assessment of BC. The present models have low 

predictive value. In some of these models, it has been attempted to add breast density as a risk factor to previous models but these 

new ones had a moderate ability for risk assessment.  

Dynamic Contrast Material-Enhanced Magnetic Resonance Imaging (DCE MRI) provides physiologic information of breast that 

can improve assessment of breast cancer risks. DCE MRI can provide kinetic features of breast enhancement including vascularity 

and vascular penetrability. This is a while; mammography is not capable to differentiate fibrous connective tissue from active and 

hormone-sensitive glandular tissue (Farghadani et al., 2017). Background Parenchymal Enhancement (BPE) changes with body 

hormonal changes especially by estrogen changes including the menstrual cycle, menopausal status, hormone replacement therapy 

and even treatment with Tamoxifen. As estrogen level and exposure has been proved as a risk factor of BC, association of BPE and 

BC has been considered recently (Dontchos et al., 2015).  

Based on limited studies about the association of BPE in DCE MRI and breast cancer and also the novelty of this field of study, we 

have aimed to assess BPE status in DCE MRI in patients with/without breast cancer. 
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2. METHODS 

This is a case-control study conducted on 80 patients (two groups containing 40 patients) referred to university hospitals. Patients 

who had undergone mammography previously and had the diagnosis of Breast imaging-reporting and data system (BIRADS) 4 or 

greater were included. A random patient sampling method was used. Exclusion criterion of the current study was the existence of 

bilateral lesions that needed a biopsy. Consent forms for participating and all needed information about the study were given to the 

patients. Patient’s data including age, family history, pathology of breast lesions (including inflammatory, invasive ductal carcinoma 

(IDC), ductal carcinoma in situ (DCIS), fibrocystic change (FCC), hyperplasia, fibro adenoma, and normal), and BIRADS of the lesions 

(4a, 4b, 4c, 5, and 6) were also obtained.  

Based on the reports of breast biopsy, included patients were divided into two groups of breast cancer positive (including 

invasive or in-situ carcinoma) and breast cancer negative. Demographics including age, type of BC in pathology (invasive vs. in-situ) 

and BC occurrence in first-degree family members were recorded in the patients' checklist.  

Subsequently, the patients underwent DCE MRI. They were placed in prone position and DCE MRI images included without 

contrast image and at least two contrast-enhanced ones were taken as following; T1-weighted fat-saturated three dimensional fast 

spoiled gradient-recalled and T2W fat suppressed. Then post-processing images of subtraction and Maximum Intensity Projection 

(MIP) were taken. All images were achieved using 1.5 tesla Achieva Philips MRI devices with eight canal coils. DCE images were taken 

in axial sections with the following parameter; 5.5ms/2.7ms repetition time/echo time, 10° file angle, 32-38 field of view, 1.6 

millimeters of slice thickness and the matrix size of 420*420. Images with contrast were taken within 90 seconds after contrast 

injection. Considering the effects of menstrual cycles on MRI images, all images were taken in 7-10 days of menstrual cycles (in non-

menopausal cases). Considering the possible negative effects of biopsy on imaging findings, the degree of BPE was assessed in the 

normal breast with the hypothesis of symmetrical radiological features of two breasts in an individual.  

Amount of fibroglandular tissue was determined on MRI. In addition, BPE in MRI images was divided into minimal, mild, 

moderate and marked groups. BPE categorization was obtained based on enhanced fibroglandular tissue in DCE subtraction and 

MIP images, subjectively. In case of patient motion during the study, BPE was assessed through visual evaluation and comparing 

with and without contrast images. The degree of BPE, the pattern of enhancement of the lesion (mass, non-mass, mass/ non-mass), 

and dynamic enhancement pattern of the lesion were determined. All images were reported by a single expert radiologist in the 

field of breast imaging. 

The data were analyzed with IBM SPSS20 - United States software. Descriptive data were reported in mean ± standard deviation. 

For analytic data, Chi-Square test was used. P-value of less than 0.05 was considered significant.  

 

Ethical approval details 

The protocol of this study was approved by the ethical board of Isfahan University of Medical Sciences with code 

IR.MUI.REC.13953.302.  

 

3. RESULTS 

Based on the current study, the mean age of females with benign lesions was 45.2±9.32 years while those with malignant lesions 

had the mean age of 46±10.83 years (P-value=0.80). Patients with benign lesions had the history of first-degree family breast cancer 

in 4 (12.5%) cases and 8 (20%) cases of those with malignant lesion reported a history of first-degree family breast cancer (P-

value=0.546). Histopathologic exam revealed 28 (70%) invasive ductal carcinoma (IDC), and 12 (30%) ductal carcinoma in situ (DCIS) 

in the case group. In the control group, histopathologic exam showed fibro adenoma, fibrocystic change, and hyperplasia. 

Statistically significant difference was found in terms of histopathologic subtype of breast lesions, in both case and control groups (P 

value<0.001).  

Degree of BPE in normal contralateral breast in the control group was minimal in 12 (30%) cases, mild in 24 (60%) cases and 

moderate in 4 (10%) cases while in the group of cases, it was as follows: minimal in 4 (10%) cases, mild in 17 (42.5%) cases, moderate 

in 14 (35%) cases and marked in 5(12.5%) cases. BPE in the normal contralateral breast was significantly higher in the case group in 

comparison with the control group. (P value: 0.001). Enhancement pattern of breast lesion was mass and non-mass in 16 (40%) and 

24 (60%) cases in the control group, respectively; while it was mass in 26 (65%), non-mass in 10 (25%) and mass/non-mass in 4 

(10%) malignant cases.  

Breast composition assessment in mammography showed the most common results of scattered (55%) and fatty (25%) in the 

control group while scattered (48.5%) and HD (48.5%) in the case group. Breast composition was statistically different between the 

two groups. (P value: 0.003). The most prevalent pattern of kinetics of enhancement of breast lesion was rapid washout in the case 
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group (42.5%) while intermediated in the control group (57.5%) (P value: 0.015) Mentioned results are presented in Table-1 

thoroughly. 

 

Table 1 clinical and demographic characteristic of case and control groups 

P value Malignant lesions(n:40) Benign lesions(n:40) Factors  

0.800 46±10.83 45.20±9.32 Age(years)  

0.546 
(20%)8 (12.5%)5 Yes Family history of breast 

cancer (80%)32 (87.5%)35 No 

- 

(2.5%)1 - 
Inflammatory 

carcinoma 

Histopathologic subtype of 

breast lesion 

 

(67.5%)27 - IDC 

(30%)12 - DCIS 

- (37.5%)15 FCC 

- (50%)20 Hyperplasia 

- (7.5%)3 Fibro adenoma 

- (5%)2 Normal 

0.001 

(10.0%)4 (30%)12 Minimal 

BPE in contralateral breast 
(42.5%)17 (60%)24 Mild 

(35.0%)14 (10%)4 Moderate 

(12.5%)5 (0%)0 Marked 

0.002 

(65%)26 (40%)16 Mass 
Enhancement pattern of 

breast lesion 
(25%)10 (60%)24 Non-Mass 

(10%)4 (0%)0 Mass and non-Mass 

0.003 

(48.5%)16 (55%)22 Scattered 

Breast Composition 
(48.5%)16 (17.5%)7 HD 

(3%)1 (2.5%)1 ED 

(0%)0 (25%)10 Fatty 

0.015 

(25%)10 (15%)6 Plateau 

Kinetic of enhancement 

(42.5%)17 (15%)6 Rapid washout 

(5%)2 (5%)2 Continues 

(25.0%)10 (57.5%)23 Intermediated 

(2.5%)1 (7.5%)3 Slow washout 

 

In the case group, there was no significant difference in degree of BPE according to enhancement pattern subtype of breast 

lesion (P value: 0.138). In the control group, no one had mass/non- mass enhancement pattern and no statistically significant 

difference was found in degree of BPE according to enhancement pattern subtype of breast lesion (P value: 0.312) (Figure 1). 
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Figure 1 Degree of BPE according to enhancement pattern subtype of breast lesion in case and control groups 

 

4. DISCUSSION 

This cross-sectional study was conducted on two groups of breast cancer affected patients as cases and normal ones as controls. We 

evaluated the degree of BPE in the non-affected breast which had not been undergone needle biopsy, as taking biopsy could affect 

breast tissue formation. In fact, we had hypothesized that two breasts of an individual have symmetrical radiologic features. Two 

studied groups of the current study were not statistically different regarding age and first-degree family member breast cancer 

history, thus two important known risk factors for breast cancer developing were omitted.  

Based on the findings of the current study, BPE in the normal contralateral breast was significantly different in benign cases in 

comparison to those who had breast cancer, as the most common BPE in benign cases was minimal and mild while breast cancer 

affected patients had a significantly higher rate of moderate and marked BPE in their contralateral breast. These findings are 

consistent with the findings of other studies which revealed that BPE findings are strongly in association with breast cancer 

occurrence. As Brian N. Dontchos et al. presented that patients with mild, moderate and marked BPE were up to nine times more 

probable to develop breast cancer in comparison to those who had minimal BPE (Dontchos et al., 2015).  

Valencia King et al. presented similar results, as they reported that being a case of a breast cancer was accompanied with 3-10 

times more probability of having moderate and marked BPE in comparison to normal females (King et al., 2011). In this study, even 

false positive cases that their suspicious tissue was evaluated by biopsy and proved not to be malignant were excluded and similar 

assessment with the new population was performed. In this study, they presented that BPE can be a strong predictor of breast 

cancer as they found 3.7-5.1 of risk probability (King et al., 2011).  

Findings of the current study showed that breast composition is significantly different between cases and controls, as the fatty 

composition of the breast was only found in controls but not breast cancer affected ones. In addition, most of the controls had 

scattered areas of fibroglandular tissue. Breast cancer affected patients had scattered areas of fibroglandular tissue and 

heterogeneously dense composition equally as the most common finding. In conclusion, we found that the fibroglandular 

composition of the breast was significantly different in the two groups. It means that the control group had less fibroglandular 

breast tissue, with matching the ages. 

Findings of our study were similar to the other study, as they reported a higher prevalence of fatty composition in their normal 

cases. They presented that higher density of breast tissue was associated with a higher rate of breast lesions whether malignant or 

benign and accounted breast density status as a valuable factor for risk assessment of cancer developing (King et al., 2011). Also, 

studies in which mammography has been used for breast composition assessment, have presented similar results. In the study of 

Kopans DB et al., they have reported that the amount of fibroglandular tissue of breast would be in association with breast density 

found in mammography, thus higher density found in mammography can be accompanied with a higher risk of breast cancer 

(Kopans, 2008). Brian N. Dontchos et al. presented inconsistent results to our findings as they reported that fibroglandular breast 

composition MR findings were not significantly different in normal cases in comparison to breast cancer affected patients (Dontchos 

et al., 2015). Also, Cubuk R et al. have reported opposed results to us as they presented non-significant weak association between 

fibroglandular composition of breast tissue and risk assessment of breast cancer developing (Cubuk et al., 2010).  
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Dynamic enhancement pattern of the lesion in the involved breast, was significantly different among controls and Cases in our 

study, as most of the cases had rapid washout enhancement. Controls had intermediated type (plateau) of enhancement as their 

most common type of tissue enhancement. Christiane Katharina Kuhl et al. presented a rapid wash-out type of dynamic 

enhancement as an independent diagnostic criterion for malignant lesions. Meanwhile, other types of dynamic enhancement were 

not diagnostic in this study (Kuhl et al., 1999). In this term, another study assessed the type of dynamic enhancement in different 

types of malignant breast lesions and found that rapid-washout was dominant in malignant masses but not characteristic for any 

type of breast cancer (Leong et al., 2015). On the other hand, a study conducted in America in 2007 presented that type of dynamic 

MRI enhancement and contrast washout has acceptable sensitivity for breast cancer screening (Saslow et al., 2007).  

Based on the findings of our study, patients with malignant lesions had a higher rate of mass pattern enhancement in 

comparison to the control group. On the other hand, the control group had a higher rate of the non-mass pattern of enhancement. 

This difference was statistically significant. To our knowledge, there is no definite large study in which CE MRI enhancement pattern 

has been assessed for breast cancer screening. It should be mentioned that even studies in which MR imaging was used for 

differentiation of a benign lesion from a malignant one, although MR enhancement type was superior to mammography, had 

numerous limitations (Neubauer et al., 2003).  

Our study revealed that the degree of BPE is not significantly different between types of enhancement pattern of the lesion in 

both case and control groups. According to these results, the degree of BPE in each type of enhancement pattern (mass or non-

mass), could not help us with a better risk assessment. Our study has some limitations that should be mentioned here. The most 

significant limitation of our study was qualitative measurements of enhancement which could be affected by intraoperative observer 

bias. Another important limitation of our study is the type of study design as in the case of designing a prospective cohort one, we 

could conclude more accurately. On the other hand, the superiority of our study to other previous ones is the higher number of the 

study population of involved breasts whether benign or malignant ones.  

 

5. CONCLUSION 

Based on findings of our study, DCE-MRI can be considered for breast cancer risk assessment and screen as findings were 

significantly different in malignant lesions from benign ones in terms of breast composition, the degree of BPE, type of pattern of 

enhancement in dynamic studies. Further studies with the prospective method and larger study population are recommended.  

 

Funding: This research received no external funding. 

 

Conflicts of Interest: The authors declare no conflict of interest. 

 

Author’s Contributions 

MF contributed in the conception of the work, data acquisition, manuscript preparation, manuscript revision, final approval of the 

manuscript and agreed to be accountable for all aspects of the work. AH contributed in study design, data acquisition, manuscript 

revision, final approval of the manuscript and agreed to be accountable for all aspects of the work. HS contributed in study design, 

data acquisition, statistical analysis, interpretation of data, manuscript preparation, manuscript revision, final approval of the 

manuscript and agreed to be accountable for all aspects of the work. MBM contributed in study design, data acquisition, statistical 

analysis, interpretation of data, manuscript preparation, manuscript revision, final approval of the manuscript and agreed to be 

accountable for all aspects of the work. MR contributed in the conception of the work, manuscript revision, final approval of the 

manuscript and agreed to be accountable for all aspects of the work. 

 

RREEFFEERREENNCCEE  

1. Anothaisintawee T, Wiratkapun C, Lerdsitthichai P, 

Kasamesup V, Wongwaisayawan S, Srinakarin J, et al. Risk 

factors of breast cancer: a systematic review and meta-

analysis. Asia Pacific Journal of Public Health 2013; 25:368-

87.  

2. Cubuk R, Tasali N, Narin B, Keskiner F, Celik L, Guney S. 

Correlation between breast density in mammography and 

background enhancement in MR mammography. La 

radiologia medica 2010; 115:434-41.  

3. Dontchos BN, Rahbar H, Partridge SC, Korde LA, Lam DL, 

Scheel JR, et al. Are qualitative assessments of background 

parenchymal enhancement, amount of fibroglandular tissue 

on MR images, and mammographic density associated with 

breast cancer risk? Radiology 2015; 276:371-80.  



                                                                                                                      

 

© 2020 Discovery Publication. All Rights Reserved. www.discoveryjournals.org     OPEN ACCESS 

 
 

P
ag

e6
3

8
 

ARTICLE ANALYSIS 

4. Enayatrad M, Amoori N, Salehiniya H. Epidemiology and 

trends in breast cancer mortality in Iran. Iranian journal of 

public healt 2015; 44:430-1.  

5. Farghadani M, Soofi GJ, Sarrami AH. Is there any Correlation 

between Magnetic Resonance Imaging Features of Breast 

Lesions of BIRADS Category 4 with Histopathologic Results? 

Adv Biomed Res 2017; 31:6-7.  

6. Harvey JA, Bovbjerg VE. Quantitative assessment of 

mammographic breast density: relationship with breast 

cancer risk 1. Radiology 2004; 230:29-41. 

7. Hofvind S, Geller B, Skaane P. Mammographic features and 

histopathological findings of interval breast cancers. Acta 

radiologica 2008; 49:975-81.  

8. Howlader N, Noone A, Krapcho M, Neyman N, Aminou R, 

Waldron W, et al. SEER cancer statistics review, 1975-2008. 

Bethesda, MD: National Cancer Institute 2011; 19. 

9. King V, Brooks JD, Bernstein JL, Reiner AS, Pike MC, Morris 

EA. Background parenchymal enhancement at breast MR 

imaging and breast cancer risk. Radiology 2011; 260:50-60. 

10. Kopans DB. Basic physics and doubts about relationship 

between mammographically determined tissue density and 

breast cancer risk 1. Radiology 2008; 246:348-53.  

11. Kuhl CK, Mielcareck P, Klaschik S, Leutner C, Wardelmann E, 

Gieseke J, et al. Dynamic breast MR imaging: are signal 

intensity time course data useful for differential diagnosis of 

enhancing lesions? Radiology 1999; 211:101-10.  

12. Leong LCH, Gombos EC, Jagadeesan J, Fook-Chong SMC. 

MRI kinetics with volumetric analysis in correlation with 

hormonal receptor subtypes and histologic grade of invasive 

breast cancers. American Journal of Roentgenology 2015; 

204:348-56.  

13. Moyer VA. Risk assessment, genetic counseling, and genetic 

testing for BRCA-related cancer in women: US Preventive 

Services Task Force recommendation statement. Annals of 

internal medicine 2014; 160:271-81. 

14. Neubauer H, Li M, Kuehne-Heid R, Schneider A, Kaiser W. 

High grade and non-high grade ductal carcinoma in situ on 

dynamic MR mammography: characteristic findings for 

signal increase and morphological pattern of enhancement. 

The British journal of radiology 2003; 76:3-12. 

15. Ojeda-Fournier H, Comstock CE. MRI for breast cancer: 

Current indications. Indian Journal of Radiology and Imaging 

2009; 19:161-9. 

16. Saslow D, Boetes C, Burke W, Harms S, Leach MO, Lehman 

CD, et al. American Cancer Society guidelines for breast 

screening with MRI as an adjunct to mammography. CA: a 

cancer journal for clinicians 2007; 57:75-89. 


