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Introduction
Breast cancer is the second most common cancer worldwide 
and the first in females, with an estimated 1.67 million new 
cases diagnosed in 2012, representing 25% of all cancers.1,2 
The incidence rates vary across the world, ranging from 
27 per 100,000 in Middle Africa and Eastern Asia to 92 in 
North America. In the United States, the birth-to-death 
probability of breast cancer in females is 12.4%.3 Breast 
cancer is the fifth cause of cancer death worldwide, but the 
second cause of cancer death in less developed regions.1,2

In reality, the term “breast cancer” encompasses a wide 
variety of malignant diseases affecting the breast, with vari-
able natural history, behavior, and prognosis.4 Different 
histological subtypes may be encountered, and each cancer 
can be characterized based on estrogen receptors (ER), 
progesterone receptor (PR), and HER2 statuses,5 as well as 

on molecular subtypes6,7 and genomic signatures.8,9 Never-
theless, a challenge in managing breast cancer is that many 
characteristics of the disease are observed on the surgical 
specimen, which may reveal surprises that will lead to addi-
tional surgeries, delayed treatments, anxiety, poor quality 
of life, and possibly poor prognosis. Therefore, predicting 
the features of the breast cancer as early as possible in 
the patients’ management is of paramount importance. 
Imaging examinations during preoperative staging may 
yield important data about the cancer.10

MRI is an important component of preoperative staging. 
Indeed, the tumor extent is more accurately displayed by 
MRI compared with mammography or ultrasound.11–14 
In addition, MRI detects additional cancers in about 16% 
of patients with breast cancer.15 On the other hand, the 
COMICE and MONET randomized trials suggested that 
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Objectives: In magnetic resonance imaging (MRI), back-
ground parenchymal enhancement (BPE) is associated 
with breast cancer risk, but the associations between 
BPE and clinical characteristics and histological features 
are unknown. This study aimed to investigate the associ-
ation between BPE and clinical characteristics (including 
age, menopausal status, and tumor histological charac-
teristics) in patients with invasive breast cancer.
Methods: This was a retrospective study of 163 
patients with invasive breast cancer (164 lesions, 1 
patient had bilateral cancer) confirmed by surgery 
and pathological examination, treated between 
January 2014 and December 2016 at our univer-
sity (Kunming Medical University). The patients 
were divided into two groups: extremely minimal 
and mild enhancement (low BPE group, n = 78) vs 
moderate and marked enhancement (high BPE group,  
n = 86).

Results: Compared with the low BPE group, the high 
BPE group showed higher frequencies of patients < 50 
years of age (88% vs 38%, p < 0.0001), premenopausal 
(87% vs 29%, p < 0.0001), T1 staging (35% vs 15%, p = 
0.027), Grade II (57% vs 37%, p = 0.03), lymphovascular 
invasion (83% vs 13%, p < 0.0001), and positive estrogen 
receptor (ER) (79% vs 42%, p < 0.0001). The Spearman 
correlation coefficients (r) between BPE and age, meno-
pausal status, lymphovascular invasion, and ER status 
were −0.521 (p < 0.0001), –0.588 (p < 0.0001), 0.697 (p 
< 0.0001), and 0.377 (p < 0.0001), respectively.
Conclusion: BPE is negatively associated with age and 
menopausal status, and is positively associated with 
lymphovascular invasion and positive ER status.
Advances in knowledge: BPE is not correlated with T 
staging and histological classification in patients with 
invasive breast cancer.
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MRI could be superfluous in patients with breast cancer.16,17 
Nevertheless, MRI has been shown to be of value in females with 
dense breasts on mammography or with a high risk of multi-
focal/multicentric lesions.18,19

Breast density is determined by the amount of mammary gland,20 
and is an important risk factor of breast cancer.21,22 The risk of 
breast cancer in a high-density mammary gland is 3–5 times of 
that in a low-density (adipose) mammary gland,23–25 but the 
association between mammographic breast density and histo-
logical characteristics of the cancer is uncertain.26–28

In dynamic contrast-enhanced MRI, the enhancement of 
normal fibroglandular elements is called background paren-
chymal enhancement (BPE).29 BPE is different from the breast 
density involved in mammography since mammographic breast 
density is mainly due to the amount and superposition of 
fibro-glandular tissues, while BPE is due to the vascularization 
of the breast.29 Similar to mammographic breast density, BPE 
has been associated with the risk of breast cancer,30–32 but this 
is controversial.33

It remains uncertain what are the factors influencing BPE and 
whether BPE is associated with the histological features of breast 
cancer. Therefore, the aim of this retrospective study was to 
investigate the association between BPE and clinical character-
istics (including age, menopausal status, and tumor histolog-
ical characteristics) in patients with invasive breast cancer. The 
results could provide additional data to improve the preoperative 
staging and overall management of females with breast cancer.

Methods and materials
Study design and patients
This was a retrospective study of 163 patients (164 lesions) with 
invasive breast cancer confirmed by surgery and pathological 
examination, treated between January 2014 and December 2016 
at our university. The study was approved by the ethics committee 
of our university. The need for individual consent was waived by 
the committee because of the retrospective nature of the study.

The inclusion criteria were: (1) underwent pre-operative MRI of 
both breasts; (2) underwent surgery; (3) available histopatholog-
ical data; and (4) no missing clinical data. The exclusion criteria 
were: (1)<18 years of age; (2) pregnant or lactating; or (3) history 
of BI-RADS six lesion.

MRI
All cases underwent preoperative MRI. An ACHIEVA 3.0 T super-
conducting magnetic resonance scanner (PHILIPS, Best, The 
Netherlands), an EWS workstation, and breast coils were used. The 
patients underwent breast MRI scanning, dynamic enhancement, 
and diffusion-weighted imaging (DWI) of the two breasts.

The parameters for T1 weighted imaging (WI) and T2WI fat 
suppressed sequences were: T1WI: repeat time (TR) 400 ms, echo 
time (TE) 10 ms; T2WI: TR 5000 ms, TE 60 ms; DWI: TR 3300 
ms, TE 71 ms; layer thickness of 4 mm; spacing of layers of 1 mm. 
Dynamic enhancement: TR 4.1 ms, TE 1.2 ms, layer thickness 
of 4 mm, no spacing. Field of view (FOV) was 350 × 350 mm. 
The dynamical enhancement sequences included six sequences: 
mask scanning was conducted before intravenous injection of 
the contrast agent, followed by five sequences of continuous 
scanning immediately after the injection of the contrast agents. 
The scanning time of each sequence was 120 s. The BPE were 
observed on the images of the second sequence. The contrast 
agent was Gd-DTPA, at a dose of 0.1 mmol/kg; 15 ml of normal 
saline were injected after Gd-DTPA.

Image analysis
The contralateral images were used as reference for patients with 
unilateral breast cancer. For patients with bilateral breast cancer, 
the images at a layer without lesion were used as reference. 
Images were analyzed by two attending radiologists with  >5 
years of experience in breast imaging diagnosis. The consistency 
between the two radiologists was good (κ > 0.85). All disagree-
ments were solved by discussion.

According to the Breast Imaging Reporting and Data System 
(BI-RADS) issued in 2013 by the American College of Radiology 
(ACR),34 BPE was divided into four categories: minimal 
enhancement, mild enhancement, moderate enhancement, and 
marked enhancement (Figure  1). The patients were divided 
into two groups: cases with minimal enhancement and mild 
enhancement were in the low BPE group (n = 78) and those with 
moderate and marked enhancement were in the high BPE group 
(n = 86).

Pathological data
All cases were confirmed by pathological examination. All cases 
were assessed for ER, PR, and human epidermal growth factor 
receptor 2 (HER2) statuses by immunohistochemistry. The 
results were determined routinely by pathologists. Cases with 

Figure 1.  (a) Minimal enhancement. (b) Mild enhancement. (c) Moderate enhancement. (d) Marked enhancement.
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≥10% of ER- and PR-positive cells were positive. HER2 ++ and 
+++ were positive.

Statistical analysis
The continuous data were tested using the Kolmogorov–Smirnov 
test and were found to have skewed distributions. Categorical data 
were presented as frequencies and analyzed using the χ2 test. The 
non-parametric Spearman correlation analysis was performed for 
data with significant differences. Statistical analyses were performed 
using SPSS 17.0 (IBM, Armonk, NY, USA). Two-sided p-values < 
0.05 were considered statistically significant.

Results
Characteristics of the patients
Among the 163 patients, there were 89 cases of left breast, 73 
cases of right breast, and 1 case of bilateral breast cancer, for a 
total of 164 lesions. Patients were 22–69 years of age (median, 47 
years). Compared with the low BPE group, the high BPE group 
showed higher frequencies of patients < 50 years of age (88% vs 
38%, p < 0.0001), pre-menopausal (87% vs 29%, p < 0.0001), T1 
staging (35% vs 15%, p = 0.027), Grade II (57% vs 37%, p = 0.03), 
lymphovascular invasion (83% vs 13%, p < 0.0001), and positive 
ER (79% vs 42%, p < 0.0001) (Table 1). There were no significant 
differences for N stage, PR, and HER2 (Table 1).

Correlations
The Spearman correlation coefficients (r) between BPE and age, 
menopausal status, lymphovascular invasion, and ER status were 
−0.521 (p < 0.0001),–0.588 (p < 0.0001), 0.697 (p < 0.0001), and 
0.377 (p < 0.0001), respectively. There were no statistically signif-
icant correlation between BPE and T staging and histological 
classification (p > 0.05) (Table 2).

Discussion
In MRI, BPE is associated with breast cancer risk, but the asso-
ciation between BPE and clinical characteristics and histological 
features is unknown. Therefore, this study aimed to investigate the 
association between BPE and clinical characteristics (including 
age, menopausal status, and tumor histological characteristics) 
in patients with invasive breast cancer. The results showed that 
BPE is negatively associated with age and menopausal status, and 
is positively associated with lymphovascular invasion and posi-
tive ER status. BPE is not correlated with T staging and histolog-
ical classification in patients with invasive breast cancer.

According to BI-RADS 2013, BPE can be divided into four 
categories34: extremely mild enhancement, mild enhancement, 
moderate enhancement, and severe enhancement. Although 
there are studies focusing on the quantitative classification of 
BPE (reviewed in Bignotti et al35) there is still a wide variability 
in the quantitative assessment of breast BPE and the measure-
ment is still somewhat subjective. Kuhl et al36 listed a series of 
factors influencing tissue enhancement: distribution of vessels 
and microvessels; dose, concentration, and permeability of the 
contrast agent; and duration of T1 of different tissues. Among 
them, distribution of vessels and permeability of the contrast 
agent were the most important factors.36 There are three main 
blood supplies for the mammary gland37: (1) vessels in the 

median part that derive from perforating branches of the internal 
thoracic artery (also known as the internal mammary artery); 
(2) vessels in the lateral part that derive from the rami pectorales 
arteriae thoracoacromialis and branches of the lateral thoracic 
artery; and (3) lateral cutaneous branch of the intercostal artery. 
Since the arteries run from the peripheral part to the central part 
of the mammary gland, the BPE often starts from the margin of 

Table 1.  Comparison of age, menopausal status, and histo-
logical features between the low and high BPE groups

Low BPE High BPE p

(n = 78) (n = 86)
Age, year <0.0001

<50 30 38% 76 88%

>50 48 62% 10 12%

Menopausal status <0.0001

Pre-menopausal 23 29% 75 87%

Post-menopausal 55 71% 11 13%

T staging 0.027

T1 12 15% 30 35%

T2 32 41% 24 28%

T3 19 24% 21 24%

T4 15 19% 11 13%

N staging 0.559

N0 35 45% 36 42%

N1 19 24% 27 31%

N2 16 21% 12 14%

N3 8 10% 11 13%

Histological grade 0.030

Grade I 38 49% 26 30%

Grade II 29 37% 49 57%

Grade III 11 14% 11 13%

Lymphovascular 
invasion

<0.0001

No 68 87% 15 17%

Yes 10 13% 71 83%

ER <0.0001

Negative 45 58% 18 21%

Positive 33 42% 68 79%

PR 0.09

Negative 34 44% 21 24%

Positive 44 56% 65 76%

HER2 0.203

Negative 30 38% 25 29%

Positive 48 62% 61 71%

BPE, background parenchymal enhancement; ER, estrogen receptor; 
PR, progesterone receptor.
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the gland, and gradually transits to the central region, with the 
final enhancement of the posterior areola. This kind of distribu-
tion of vessel inflow is called the “frame sign.” Meanwhile, the 
permeability of the contrast agent is determined by the formula-
tion of the contrast agent.

Besides the vascular distribution of the mammary glands and 
formulation of the contrast agent, the menstrual period is an 
important factor affecting BPE.38,39 The estrogen and proges-
terone levels in the body vary with the menstrual cycle. Estrogen 
can accelerate the proliferation of epithelial cells, and proges-
terone can further enhance this effect of estrogen. In addition, 
estrogen can also increase the vascular permeability of the tissue 
and promote local microcirculation.38–40 The levels of estrogen 
and progesterone in premenopausal females are higher than those 
in postmenopausal females, and the proliferation of mammary 
epithelial cells and local microcirculation are significantly higher 
than those in postmenopausal females, which results in a more 
obvious BPE in premenopausal females than that in postmeno-
pausal females.31,32,40–42 Blood estrogen and progesterone levels 
are associated with age, which gradually decrease with age. Espe-
cially, in postmenopausal females, the periodic proliferation of 
mammary epithelial cells terminates and the lobus glandularis 
tissue degenerates, leaving only large ducts and some fibrous 
adipose tissues,43 leading to a gradual decrease of BPE. The 
present study revealed that BPE was negatively associated with 
age and menopausal status, as supported by the above literature.

ER and PR expressions increase correspondingly with increasing 
levels of estrogen and progesterone.44 Estrogen and progesterone 
levels are associated with BPE38,39; therefore, it could be hypoth-
esized that BPE is associated with ER and PR statuses in patients 
with breast cancer. The present study suggests that BPE was posi-
tively associated with ER, as supported by Dontchos et al,30 Kim et 
al,42 and Ozturk et al.45 Progesterone is an important intermediate 
for the biosynthesis of estrogen, androgen, and adrenocorticoste-
roids. The structure and action mechanism of PR are also complex. 
There are many factors that influence the synthesis of hormones, of 
which one or more factors may affect the expression of PR.46 This 
may be the reason for the lack of associated between PR and BPE in 
the present study. Vreeman et al47 showed an association between 
BPE and PR negativity. This warrants further study.

In addition, the present study showed that lymphovascular 
invasion was higher in the high BPE group, and the degree of 
BPE was positively associated with lymphovascular invasion in 
invasive breast cancer. This could be associated with the develop-
ment of the mammary vascular network among different people. 
People with a good development of the mammary vascular 

network have abundant supplying arteries, draining veins, capil-
lary network, and lymphatic network, and thus have more signif-
icant BPE in dynamic contrast-enhanced MRI. In case of breast 
cancer in a high BPE breast, the tumor cells are more likely to 
erode and destruct the surrounding capillaries and lymph capil-
laries, leading to lymphovascular invasion.

The overexpression of the HER2 is one of the important factors 
that affect the growth and metastasis of breast cancer. HER2-pos-
itive invasive breast cancer usually has a high grade, high T 
staging, and a higher possibility of metastasis, and thus has a 
poor prognosis. Currently, the association between BPE and 
the expression of HER2, T staging, N staging, and histological 
classification are still unclear in the present study and the litera-
ture,42,45 and additional study is necessary.

Dilorenzo et al48 examined the BPE in relation to the molecular 
subtypes of breast cancer in 82 Italian females. They reported 
that luminal B tumors (mostly ER-positive and PR-lowly posi-
tive/negative) were associated with low BPE, while triple-neg-
ative breast cancer was associated with high BPE. This is in 
contradiction with the present study, which showed that ER-pos-
itive tumors were associated with high BPE. Those conflicting 
data could be due, at least in part, to the differences in breast 
tumor classification, and only very few triple-negative breast 
cancer patients were included in this study. In addition, differ-
ences in breast cancer pathogenesis and life habits between 
Chinese and Europeans could also be involved. Indeed, age at 
diagnosis of breast cancer in China is about 10 years younger 
than in the United States and Europe.49 In addition, the epide-
miology changed abruptly in the recent decades due to the 
economic boom.50 Consumption of soy foods also modulate 
the risk of breast cancer in Chinese females compared with 
Europeans.51 Finally, Chinese females are known to have small 
and mammographically dense breasts.52 Taken together, those 
factors could explain part of the discrepancy between the two 
studies, but additional studies are necessary.

This study is not without limitations. Firstly, this was a retro-
spective study with a limited sample size from a single center. 
Secondly, the menstrual cycle was not considered when patients 
were examined with MRI. Thirdly, race,53 child-bearing history, 
family history, obesity,54 and history of hormone drugs could not 
be taken into account because of the limited data in the medical 
charts. Further study is needed to verify the results.

Conclusion
In conclusion, BPE is negatively correlated with age and meno-
pausal status, and is positively correlated with lymphovascular 

Table 2.  Correlations between BPE and age, menopausal status, and other factors

BPE Age
Menopausal 

status
Lymphovascular 

invasion ER T staging
Histological 

type
Correlation 
coefficient (r)

−0.521 −0.588 0.697 0.377 −0.048 0.144

P <0.0001 <0.0001 <0.0001 <0.0001 0.164 0.065

BPE, background parenchymal enhancement.
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invasion and positive ER status. BPE is not correlated with T 
staging and histological classification in patients with invasive 
breast cancer.
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