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IntroductIon
Breast cancer is considered one of the most common cancers 
among females with a high prevalence rate worldwide.[1‑4] 
The prevalence of breast cancer is high in both developed 
and developing countries.[4] Previous studies indicated that in 
every eight women in the United States, one will be diagnosed 
with breast cancer, and also a large number of females may 
suffer from breast lesions.[5] Incidence rates increased for 
estrogen receptor‑positive breast cancers in the youngest white 

women, Hispanic women aged 60 years to 69 years, and all 
but the oldest African American women. In contrast, estrogen 
receptor‑negative breast cancers declined among most age and 
racial/ethnic groups. These divergent trends may reflect etiologic 
heterogeneity and the differing effects of some factors, such as 
obesity and parity, on risk by tumor subtype.[6] Several studies 
also showed that breast cancer may cause many mortalities 
among women around the world. Based on the results of many 
studies, 250000 breast cancer females per year are diagnosed, 
and 180000 of them (72%) are suffered from invasive and 
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metastatic mentioned cancer.[7‑11] Breast cancer subtypes are 
associated with distinct patterns of metastatic spread with 
notable differences in survival after relapse.[10] Metastatic 
cancers require some extreme treatment methods such as surgery, 
chemotherapy, and radiotherapy.[9] Therefore, it would seem that 
early screening, diagnosing, and treating of breast cancer females 
are pretty crucial.[12,13] Based on the evidence, the most important 
factor in the prognosis of breast cancer is the stage at the time 
of diagnosis. It is considered that about 80% of breast cancer 
females who are diagnosed in stage I, have 5 years survival rates, 
while this rate is decreased to 50% for higher stages. Screening 
programs are nowadays widely used mostly by mammography, 
ultrasonography, and biopsy (for any suspicious lesions 
which are detected on their mammography).[14] Diagnostic 
mammography is also administered when a suspicious mass or 
lesion is detected in the patient’s physical examinations. SWE 
has better diagnostic value in terms of determining the nature 
of the breast masses. SWE can increase the diagnostic function 
of differentiating benign masses from malignant ones.[8]

Magnetic resonance imaging (MRI) is considered a more 
suitable method for diagnosing high dense breast cancer 
females compared to other radiological modalities.[15] The most 
important factor for breast cancer images is differentiating 
benign and malignant tumors which are performed by the 
means of tissue biopsy and histological studies. Furthermore, 
MRI is also widely used for breast size measurements and 
also vascularization conditions of tumors, especially before 
surgical clinical procedures.[16,17] Background parenchymal 
enhancement (BPE) is defined as primary enhancements of 
normal breast tissues in contrast enhancement MRI studies, 
and is divided into minimal, mild, moderate, and marked based 
on breast imaging and reporting and data system (BI‑RADS) 
scores.[18] Mass‑like tumors are also defined based on 
MRI findings and radiological patterns when a mass or a 
space‑occupying lesion is detected. Moreover, nonmass‑like 
tumors are defined when no mass or space‑occupying lesions 
are seen in breast MRI.[19] In Figure 1, axial T1 weighted 
fat suppressed contrast‑enhanced MRI for different degrees 

of BPE including minimal (<25% enhancement glandular 
tissue), mild (26%–50% enhancement of glandular tissue), 
moderate (51%–75% enhancement of glandular tissue), and 
marked (>75% enhancement of glandular tissue) are shown. In 
some studies, marked background enhancement is considered 
a risk factor for breast cancer patients. For the patients, 
magnetic resonance (MR) images are assessed in mass and 
nonmass lesions types. However, it seems that there are some 
correlations between radiological patterns of a breast lesion 
and its pathological features. Thus, the purpose of this study 
is to evaluate the MRI patterns of background enhancement in 
patient with biopsy‑proved breast cancer, and the prevalence 
of mass‑like and nonmass like lesions among these patients.

MaterIals and Methods
This cross‑sectional study was performed on 32 patients (who 
were diagnosed with breast cancer based on their pathological 
findings) who referred to Al‑Zahra hospital and Sepahan 
medical imaging center, Isfahan, Iran from 2017 to 2019. 
The study design was verified by the ethical board of Isfahan 
University of Medical Sciences, Isfahan, Iran.

Patient selection
The mentioned patients were recruited based on inclusion and 
exclusion criteria and by census method. The inclusion criteria 
were: documented breast cancer based on pathological studies, 
4th and 5th BI‑RADS scores based on the BI‑RADS system 
of screening mammography, and BPE levels of moderate or 
marked in former MRI of the nonaffected breast. In addition, 
patients who suffered from refusal and any other lesions in their 
nonaffected breasts were excluded from this study.

Magnetic resonance imaging acquisition
MRI studies were performed using a1.5 Tesla (Achieva Philips, 
Netherland) MRI scanner system. It should also be noted 
that to prevent the effects of menstrual cycles on the studied 
breast tissues, the imaging studies were performed between 
7th and 10th days of the menstrual cycle in nonmenopausal 
patients. The patients were placed in the prone position,[13] and 
MR sequences including noncontrast image and at least two 
contrast‑enhanced (Gadolinium) images were done as follows; 
T1‑weighted fat‑saturated (short‑time inversion recovery or 
[STIR]), three dimensional fast spoiled gradient‑recalled and 
T2W fat‑suppressed STIR. Then, postprocessing images of 
subtraction and maximum intensity projection were performed 
for the patients. Images were taken in axial sections with the 
following parameter: 5.5 ms/2.7 ms repetition time/echo time, 
10° file angle, 32–38 field of view, 1.6 mm of slice thickness, and 
the matrix size of 420 × 420. Images with contrast were taken 
within 90 s after contrast injection. The data and also BPE of 
nonaffected breasts and also types of tumors such as mass‑like 
or nonmass‑like tumors were diagnosed by an expert radiologist.

Statistical analysis
Patients were chosen according to the easy sampling available 
method. All these data were collected and analyzed using the 

Figure 1: The axial T1‑weighted fat suppressed contrast‑enhanced 
Magnetic resonance imaging. Minimal (<25% enhancement glandular 
tissue) (a), mild (26%–50% enhancement of glandular tissue) (b), 
moderate (51%–75% enhancement of glandular tissue) (c), and 
marked (>75% enhancement of glandular tissue) (d) (Akiko Kawamura 
et al)
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SPSS program (Version 20, Chicago, USA) for evaluating the 
prevalence of mass‑like or nonmass‑like tumors. Furthermore, 
the statistical analysis was done using Independent t‑test, 
One‑way Analysis of variance, Chi‑square and Logistic 
regression.[20]

results
Table 1 illustrates the background disease of the studied 
patients at the beginning of this study. None of our patients 
had breast cancer background, and also were not undergo 
radiotherapy as well as chemotherapy before the beginning of 
this study. In this work, some of the MRI modalities including 
T1‑weighted fat‑saturated three‑dimensional fast spoiled 
gradient‑recalled and T2W fat‑suppressed were used, and it 
would seem that the first subtraction contrast enhancement 
T1W with fat suppression sequence provided better results 
in comparison with others [Figure 1]. Table 2 demonstrates 
the used MR sequences parameters as well as the number 
of slices for the stated females. As can be seen in this table, 
all employed parameters were similar for all of our cases, 
which may lead to generating some valid evidence about 
the patients. Table 3 indicates the relationship between MR 
findings for the mass and nonmass‑like patients. Table 4, 
shows the regression analysis of pathology for nonmass‑like 
tumors. Figure 1 shows the contrast enhancement T1w images 
of one of the studied patients. Figure 2, illustrates the T1W 
contrast enhancement, and the colored image of T1W contrast 
enhancement MR images for a 39 years old female with 
dense breast tissue and strong family history of breast cancer. 
The mean age of these patients was 38.43 ± 10.33 years, 
and there were not any significant differences between the 
age range of them (P > 0.05). In addition, 68.8% (n = 44) of 
patients had moderate BPE based on their breast MRI and 
31.2% (n = 20) of them were suffered severe BPE. Our data 
also indicated that the prevalence of mass like, nonmass like 
and both tumors were 43.8%, 43.8%, and 12.4%, respectively. 
Pathological studies also indicated that 50% of cancers were 
ductal carcinoma in situ (DCIS). Furthermore, 37.5% of them 
were found to be invasive ductal carcinoma (IDC) and 12.5% 
were DCIS and IDC. Furthermore, it was found that there 
was a significant relationship among MRI and pathologic 

findings for IDC and DCIS (P = 0.03). The 42.9%, 50%, and 
7.1% of mass‑like lesions was DCIS, IDC and DCIS and 
IDC, respectively. Furthermore, 71.4%, 21.4%, and 7.1% of 

Table 1: The studied breast cancer females background 
based on their evidences

Variable Disease background

Breast cancer Chemotherapy Radiotherapy
Abnormalities

DCIS None None None
IDC None None None
DCIS and IDC None None None

DCIS: Ductal carcinoma in situ, IDC: Invasive ductal carcinoma

Table 3: Relation between magnetic resonance findings 
for the studied patients

Variable MRI findings P

Mass like Nonmass like Both
Age (years) 35.35±6.05 40.21±7.99 43.01±24.12 0.52
Pathology (%)

DCIS 6 (42.9) 10 (71.4) 0 0.03
IDC 7 (50) 3 (21.4) 2 (50)
DCIS and IDC 1 (7.1) 1 (7.1) 2 (50)

DCIS: Ductal carcinoma in situ, IDC: Invasive ductal carcinoma, 
MRI: Magnetic resonance imaging

Table 4: Regression analysis of pathology for 
nonmass‑like tumors

Variable P OR 95% CI

Lower Upper
Pathology

DCIS 0.54 2.84 0.09 85.02
IDC 0.74 0.56 0.01 18.32

Nonmass‑like tumors were assessed as reference value. DCIS: Ductal 
carcinoma in situ, IDC: Invasive ductal carcinoma, OR: Odds ratio, 
CI: Confidence interval

Table 2: The magnetic resonance imaging sequences 
which were used for studied breast cancer patients

T1W fat‑saturated 
three dimensional 
fast spoiled GRE

T2W fat 
suppressed

Patient 
position

DCIS Performed Performed Prone
IDC Performed Performed Prone
DCIS and IDC Performed Performed Prone
TR (ms) 5.5 5.5 ‑
TE (ms) 2.7 2.7 ‑
Number of slices 2 2 ‑
FOV (cm) 32‑38 32‑38 ‑
Slice thickness (mm) 1.6 1.6 ‑
Image matrix size 420×420 420×420 ‑
DCIS: Ductal carcinoma in situ, IDC: Invasive ductal carcinoma, 
TR: Repetition time, TE: Echo time, FOV: Field of view, T1W: T1 
weighted, T2W: T2 weighted

Figure 2: The T1W contrast enhancement (a), and the colored image 
of T1W contrast enhancement (b) Magnetic resonance image for a 
39‑year‑old female with dense breast tissue and strong family history 
of breast cancer
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nonmass‑like lesions were DCIS, IDC, and DCIS and IDC, 
respectively [Table 2]. Moreover, Table 2 indicates for both 
cases (mass and nonmass like) 50% and 50% of them were IDC 
and DCIS and IDC, respectively, and none of them suffered 
from DCIS. Based on regression analysis, there was not any 
significant relationship between pathologic results and risk of 
nonmass‑like tumors (P > 0.05) [Table 2].

dIscussIon
Breast MRI is considered one of the most suitable choices 
for evaluating breast tumors, in terms of their location and 
size. However, it would seem that there is little knowledge 
about the mass and nonmass‑like breast lesions for females. 
Therefore, in this study, we focused on breast cancer females 
who had severe or moderate BPE in their breast MRI, and it was 
found that there was not any significant relationship between 
BPE level, mass‑like or nonmass‑like tumors prevalency, and 
pathological features of tumors. In this work, it is considered 
that the T1 postcontrast images with fat suppression are a good 
choice for MR investigation of our discussed patients. In our 
studied patients, who had breast cancer background, and also 
underwent chemo or radiation therapy were excluded. Tables 1 
and 2 give a comparison of MRI and pathological findings 
among the studied patients. For the mass‑like lesions, DCIS 
was lower (up to 40%) than nonmass‑like lesions. However, 
the IDC for the mass like was higher (up to 60%) than nonmass 
patients. The DCIS and IDC for the mass and nonmass like 
patients were similar, but for both cases (mass and nonmass) 
was higher than others. Furthermore, our study, indicates that 
the prevalence rate for the mass and nonmass‑like lesions were 
similar, while the prevalence of both lesions was lower than 
others. On the other hand, the results of this study indicated that 
there was not any significant association between tumor MRI 
and pathologic findings. Besides, this study has introduced a 
more useful MR diagnostic sequence for the mass and nonmass 
patients. Similar results were reported in some other studies. 
Telegrafo et al. have focused on the effect of BPE on breast 
cancer detection using MRI and concluded that there was not 
any significant relationship between BPE levels of nonaffected 
breast and tumor sizes,[19] which is in line with our findings. 
In another study,[21] Telegrafo et al. have studied about breast 
MRI BPE correlates with the risk of breast cancer, and it has 
been also reported that BPE levels are not a trusted method 
for evaluating cancer risk or cancer types such as mass‑like or 
nonmass‑like tumors.[20] Baek et al. had also studied on 399 
breast cancer patients and found moderate and marked BPE 
are related to the inaccurate estimation of tumor size based on 
MRI.[22] Furthermore, they concluded that the specificity and 
accuracy of MRI in diagnosing or size measurement of mass 
like tumors was higher than nonmass‑like tumors, and their 
findings are also in line with the results of our study. Quan‑Xin 
et al. have also evaluated important diagnostic characteristics 
for nonmass‑like tumors in MRI and concluded that segmental 
dissemination, clustered ring enhancement, and a short time 
to make the peak with contrast enhancement materials could 

be accounted as diagnostic characteristics of nonmass like 
tumors.[23]

In contrast, in a study by Yamada et al. which was discussed the 
radiologic‑pathologic correlation of DCIS for their patients, it 
has been mentioned that there might be a relationship between 
tumoral pathologic and MRI findings. They also indicated 
that nonmass‑like tumors are mostly observed in patients 
with diagnosed DCIS based on their pathologic studies.[24] 
The different results might be due to the variety of study 
populations. In another study by Uematsu et al. an association 
between pathological and MRI findings have shown, but it 
was mentioned that MRI findings could also be inaccurate in 
some cases.[25]

Based on our results, the relationship between BPE level and 
MRI finding including mass‑like or nonmass‑like lesions was 
not significant. As a result of the importance of differentiating 
mass and also nonmass‑like lesions for breast cancer patients, 
further research about the mentioned abnormality is suggested.

Limitations
Lack of enough participants is the major limitation of this study.

conclusIon
In this work, the MR prevalency of mass‑like and nonemass‑like 
lesions for high levels of background enhancement breast 
cancer patients was evaluated.

In the current study, there was not any significant relationship 
between mass‑like and nonmass‑like tumors in patients with 
high levels of BPE. The results of this study also showed that 
tumor pathologies and MRI findings are not associated with 
the all of mentioned patients.
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