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Structured Abstract

Purpose—To evaluate the relationship between mammographic breast density (MBD),
background parenchymal enhancement (BPE), and fibroglandular tissue (FGT) in women with
breast cancer (BC) and at high risk for developing BC.

Methods—Our institutional database was queried for patients who underwent mammography
and MRI.

Results—403 (85%) had BC and 72 (15%) were at high risk. MBD (p=0.0005), BPE (p<0.0001),
and FGT (p=0.02) were all higher in high risk women compared to the BC group.

Conclusions—Higher levels of MBD, BPE and FGT are seen in women at higher risk for
developing BC when compared to women with BC.
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1. Introduction

Mammographic breast density has been shown to be an independent risk factor for breast
cancer [1-6]. While digital mammography has improved diagnostic accuracy in patients
with dense breasts, sensitivity of mammography remains significantly lower in dense
breasts, as low as 70% [7,8]. Decreased sensitivity of mammography is of particular concern
to women at high-risk of developing breast cancer. There is well-established literature that
supports the benefit of screening magnetic resonance imaging (MRI) in women at high-risk
for breast cancer. Current screening recommendations for high-risk women may include the
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use of screening ultrasound and/or magnetic resonance imaging in addition to digital
mammography. In its 2007 guidelines for breast cancer screening, the American Cancer
Society recommended annual screening MRI as an adjunct to mammography for women at
high-risk for breast cancer [9]. MRI has been shown to be an effective screening tool in this
group, with sensitivity for cancer detection greater than that of mammography and of
mammography and ultrasound combined [10-14].

With an increasing role of screening MRI, attention has turned to whether the amount and
degree of enhancing breast tissue; including the proportion of fibroglandular tissue (FGT)
and background parenchymal enhancement (BPE) is associated with a risk for breast cancer.
FGT can be considered the MRI equivalent of mammographic breast density, which is a
reflection of the stromal and epithelial tissue components of the breast tissue. Unlike breast
density as depicted on mammography, MRI allows for a cross-sectional contiguous slice
analysis of FGT [15]. BPE is thought to reflect the vascularity of the fibroglandular tissue
and has been shown to be influenced by hormonal changes, including fluctuations in the
menstrual cycle, menopausal status and hormone modifying medication [16-30].

Although BPE has been shown not to correlate directly with mammaographic breast density
[31], it similarly represents background noise on imaging, which may affect interpretation
and detection accuracy [21, 32]. However, the association between BPE and breast cancer
has not been as well established as it has for mammographic breast density. While a
relationship between BPE and breast cancer risk has been suggested [15], other recent
studies have demonstrated no increased incidence of cancer with increased BPE [21, 32].
There is very limited information regarding the relationship of fibroglandular tissue on
contiguous MR images, breast density and BPE in a high-risk population.

Continuing investigation is needed to determine if these MRI imaging characteristics could
be used as imaging biomarkers for cancer risk. The purpose of our study was to evaluate the
relationship between mammographic breast density, and the MRI imaging characteristics of
fibroglandular tissue and BPE in high-risk women compared with those undergoing
evaluation after being diagnosed with breast cancer and prior to surgery.

2. Materials and methods

2.1 Study Population

The Breast Cancer Database was established in January 2010 and includes all patients
undergoing definitive breast cancer surgery at our institution. The variables collected in this
database include personal and family history, screening history, method of diagnosis, stage
at diagnosis, details of treatment and outcomes. The High Risk Breast Cancer Consortium
was established in January 2011 and includes all patients who do not have breast cancer, but
are at an increased risk for developing the disease based on having a strong family history of
breast cancer (at least 1 first degree relative) [33-34], BRCA1,2 mutation carriers [35], a
history of atypical hyperplasia (AH) and/or lobular carcinoma in situ (LCIS) [36-39]. The
variables collected in this database include family history, genetic testing results, screening
history, risk reduction strategies, and outcomes. All clinical data are obtained from detailed
questionnaires filled out by patients who consented to the database studies and medical chart
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review. Waiver of authorization and consent was granted by the institutional review board
for this Health Insurance Portability and Accountability Act compliant retrospective study.

We queried both longitudinal databases to identify all women who underwent both
mammography and breast MRI at our institution. Patients who had either a mammography
and/or an MRI performed at an outside institution were excluded from the analysis, as well
as patients who didn’t have an MRI within 6 months of having a mammogram. Both
imaging modalities for the breast cancer patients were performed after diagnosis and before
surgery as part of their pre-surgical workup. The imaging data collected for the high risk
patients were taken from their routine screening protocols. Our screening protocol follows
conventional practice and of alternating screening mammaography and breast MRI every 6
months [40]. For subgroup analyses, three risk cohorts were formed based on the etiology of
breast cancer risk. Group 1 included patients who have >20% lifetime risk with a strong
family history of breast cancer and/or who were BRCA 1,2 mutation carriers [9]; Group 2
included patients with intermediate risk who had a history of AH and/or LCIS [9]; and
Group 3 included patients who had familial and/or genetic risk (Group 1) as well as history
of AH and/or LCIS (Group 2). These three risk groups are not mutually exclusive.

2.2 Mammography and MRI Assessments

2.2.1 Mammography Imaging Technique—AIl mammaography was performed with
digital technique using MAMMOMAT® Novation DR software (version V8.3, Siemens
Healthcare).

2.2.2 MR Imaging Technique—MRI examinations were performed on commercially
available systems at 1.5-T (Avanto, Siemens Medical Solutions) or 3.0-T (TIM Trio,
Siemens Medical Solutions) using a dedicated surface breast coil (7-Channel Breast Biopsy
Array, InVivo Research). Patients were imaged prone, using a standard imaging protocol
that included a localizing sequence followed by a sagittal T2-weighted sequence (TR/TE,
7220/84); a sagittal T1-weighted non-fat-suppressed 3D fast spoiled gradient-recalled echo
sequence (4.01/1.52; flip angle, 12°; matrix, 384 x 384; field of view, 270 mm; section
thickness, 1 mm) followed by the same sagittal T1-weighted fat-suppressed 3D fast spoiled
gradient-recalled echo sequence performed before and four times after a rapid bolus
injection of 0.1 mmol/L of gadopentetate dimeglumine (Magnevist, Bayer Healthcare
Pharmaceuticals) per kilogram of body weight at an injection rate of 2.0 mL/sec via an
intravenous catheter. Image acquisition began immediately after administration of the
contrast material and saline bolus. The first contrast-enhanced dynamic sequence was
obtained at approximately 100 seconds, followed by four additional consecutive sequences
(three sagittal followed by one delayed axial). At our institution, pre-menopausal women
who undergo a screening breast MRI undergo their breast MRI on Days 7-14 of the
menstrual cycle. Pre-menopausal women who are newly diagnosed with breast cancer
undergo their breast MRI regardless of their menstrual cycle in an effort to minimize any
delays in their breast surgery.
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2.3 Image Interpretation

2.3.1 Mammographic density—Mammaographic breast density was classified according
to the American College of Radiology’s categories as almost entirely fatty, scattered
fibroglandular, heterogeneously dense breasts, or extremely dense (Figure 1) [41].
Mammographic breast densities were evaluated on two separate occasions. They were
obtained from the original radiology reports. In addition, the mammograms were
randomized and a single fellowship-trained breast imaging radiologist with 13 years of
experience reassessed the mammographic breast density.

2.3.2 Fibroglandular tissue—FGT is defined as nonfat, non-cystic breast in relation to
the total breast volume. The same experienced breast imaging radiologist assessed the
amount of FGT parenchyma on contiguous nonfat- and fat-suppressed T1-weighted and T2-
weighted images of both breasts. A four-point scale, similar to that used by the American
College of Radiology to classify mammographic density, was used to classify the relative
amount of FGT as almost entirely fat, scattered fibroglandular tissue, heterogeneous
fibroglandular tissue and extreme fibroglandular tissue (Figure 1) [15]. Since FGT was not
included in our reports, this assessment was performed by the radiologist.

2.3.3 Background parenchymal enhancement—BPE is the amount of enhancing
fibroglandular tissue. The level of global BPE was assessed using a combination of pre- and
the initial post-contrast T1-weighted fat saturated and subtracted images. The volume and
intensity enhancement was graded on a 4 point scale as minimal, mild, moderate, or marked
in accordance with the new Breast Imaging-Reporting and Data System (BI-RADS)
categories (Figure 1) [42]. Both intensity and volume of background enhancement were
considered in the assessment. In women who were newly diagnosed with breast cancer, the
assessment of the BPE and FGT was performed in the contralateral breast. Similar to the
mammographic breast density, the BPE were obtained from the radiology reports. In
addition a single radiologist retrospectively assessed the BPE.

Evaluation of the mammographic breast density, BPE and the amount of FGT was
performed by a single radiologist who was blinded to the clinical history. All images were
anonymized. The mammograms and breast MRIs were randomized so that the reader did not
interpret the breast MRI with knowledge of the mammaographic density. In cases where there
was disagreement between the prospective and retrospective reading, assessment of the
mammographic breast density or the BPE, two radiologists reviewed the images in
consensus. Although FGT and BPE have been introduced in the 2013 edition of the BI-
RADS lexicon, our institution, we have been routinely incorporating these findings in our
standard breast MRI reports since 2010.

2.4 Statistical Analysis

Descriptive analyses were used to summarize the data and to see the distribution of the
variables between the high risk and breast cancer patients. To test for an association between
the variables of interest and breast cancer status, Pearson’s Chi Square Test was used with a
significance level of a=0.05. When the expected value in at least one of the cells was less
than 5, Pearson’s Chi Square was substituted with Fisher’s Exact Test. Variables of interest
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included age, body mass index (BMI), family history of breast cancer, BRCA status, AH,
and LCIS, mammographic breast density, BPE, FGT. Additionally, since age is a potential
confounder, logistic regression with a significance level of a=0.05 was used to examine the
association of each of the following imaging characteristics: mammographic breast density,
BPE, and FGT with breast cancer status, adjusting for age. All analyses were executed using
SAS software, version 9.3 (SAS Institute, Cary, NC).

Out of a total of 1419 patients enrolled in the Breast Cancer Database and 366 patients
enrolled in the High Risk Breast Cancer Consortium during the study period, there was a
total of 475 patients who had both mammography and MRI as part of their clinical care and
were eligible for analysis. All 475 patients were referred by their physician for a
mammogram and MRI and their imaging was completed at our institution. There was a total
of 403 (28%) breast cancer patients and 72 (20%) high-risk patients. The median age of the
study population for both groups was 52 years (range 22—87 years) (Table 1). With regards
to use of exogenous hormonal therapy, there were 13 (3%) breast cancer patients who had a
history of hormonal therapy before their current breast cancer diagnosis and 11 (15%) high
risk patients who had a history of hormonal therapy at the time of enrollment into the high
risk database. As expected, the patients enrolled in the High Risk Breast Cancer Consortium
had a higher prevalence of known risk factors including a strong family history, BRCA
mutations, and personal history of AH, LCIS (Table 1).

The majority of patients who enrolled in the Breast Cancer Database had invasive ductal
carcinoma (60%), had early stage disease (stage 0,1) (73%), were estrogen receptor (ER)
positive (79%), progesterone (PR) positive (68%), and Her2-neu negative (98%) (Table 2).
Out of the 403 patients with breast cancer, 272 (67%) presented with non-palpable lesions
and 131 (33%) presented with palpable lesions (Table 2).

For the high-risk patients, there were no statistically significant associations between the
etiology of breast cancer risk and mammographic breast density (p=0.65), BPE (p=0.54),
and FGT (p=0.16) (Table 3). Similarly in the breast cancer patients, there were no
statistically significant associations between the etiology of breast cancer risk and breast
density (p=0.78), BPE (p=0.38), and FGT (p=0.82) (Table 3).

However, when comparing the two cohorts, we found that women with breast cancer had
significantly lower mammaographic breast density (p=0.0005), lower BPE (p<0.0001), and
lower FGT (p=0.02). Since mammaographic density, FGT and BPE typically decrease with
age, a regression model was used to assess age as a confounder. We found that FGT
(p=0.15) was not significant, while mammographic breast density (p=0.02) and BPE
(p<0.0001) were still significant, even after adjusting for the effects of age.

The groups were then stratified by menopausal status to assess for hormonal influence on
mammographic breast density, BPE, and FGT. Postmenopausal status was associated with
lower breast density, lower BPE and lower FGT. In the premenopausal women, there was no
association of breast cancer with mammographic breast density (p=0.20), BPE (p=0.15) or
FGT (p=0.48). However, among post-menopausal women, there was a statistically
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significant association between breast cancer and lower mammaographic density (p=0.003),
lower BPE (p<0.0001) and lower FGT (p=0.02) (Table 4).

In our study, there was a significantly higher proportion of women with BMI=25 in our
breast cancer cohort when compared to the high-risk cohort (p=0.006) (Table 1). When we
stratified by menopausal status, we found no association of breast cancer and BMI among
the premenopausal women (p=0.44). However, there was a statistically significant
association between breast cancer and overweight and obese women (BMI>25) (p=0.003).

Overall, there was a strong reader agreement in the assessment of mammographic breast
density for 399 of 475 cases (84%). There was a moderately strong reader agreement in the
assessment of BPE for 361 of 475 cases (76%).

4. Disscussion

Our study demonstrated that patients with breast cancer had lower mammaographic breast
density, lower BPE and lower FGT compared to patients at high risk for developing breast
cancer. Several studies have investigated the relationship of mammographic breast density,
BPE, and FGT, but there is a dearth of information on these imaging characteristics in a
population of women at higher risk for developing breast cancer.

Mammographic breast density is a reflection of the stromal and epithelial tissue content of
the breast. Extremely dense breast tissue (ACR category 4) compared with almost entirely
fatty breast tissue (category 1) is considered to be at 4-6 times increased risk of developing
breast cancer, independent of other risk factors. Breast density is estimated to account for up
to 30-40% of attributable risk among average risk population [3,4,6]. The mechanism by
which breast density increases breast cancer risk is unclear. Although the exact causality is
still under investigation, theories include local hormonal microenvironment and growth
factors that may contribute to breast cancer incidence [43]. The BI-RADS assessment of
mammographic density has been incorporated into several risk models including the Breast
Cancer Surveillance Consortium’s 1-year and 5-year models, developed using over 1 million
women [44, 45].

Breast density is routinely included in mammographic reports according to the BI-RADS
lexicon. Density is determined by the interpreter’s estimation of the percentage of stromal
and epithelial tissue as compared to the fat content of the breast. As a result, there is an
inherent degree of subjectivity in the assignment of breast density based on mammaogram.
Reported rates of agreement have been variable. Several studies have demonstrated only
moderate inter-observer agreement on the level of breast density, with lowest rates of
agreement reported in dense breasts and distinguishing scattered fibroglandular from
heterogeneously dense breasts [46-50]. Inconsistency in assigning these levels of breast
density could have significant clinical consequences as risk assessment and screening
recommendations are being modified based on breast density. Recently, automated systems
to measure mammographic breast density have been commercially available. However,
these systems use different techniques to quantify breast density and agreement between the
different systems is unclear [51]. A recent report by Eng et al. concluded that fully-
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automated methods are valid alternatives to the labor-intensive “gold standard” Cumulus for
quantifying density in FFDM [51].

While investigation of the inter-observer agreement of MRI imaging characteristics of BPE
and FGT have been somewhat limited, higher inter-observer agreement has been
demonstrated with MRI-depicted breast composition. Ikeda, et. al. demonstrated substantial
overall agreement with k=0.63 [52]. Here too, however, the greatest degree of disagreement
was found in the intermediate densities or scattered fibroglandular and heterogeneously
dense (k=0.33 and 0.14, respectively). A recent study of 4 radiologists found that with
training, inter-reader agreement increased from fair (x=0.36) to moderate (x=0.48).
Improvement was sustained at three weeks after the training was completed (k=0.45). Intra-
reader agreement between times 2 and 3 (x=0.79, range 0.56-0.98) was greater than
between times 1 and 2 (x=0.62, range 0.45-0.84), indicating readers learned and retained.
Training consisted of a single two hour interactive presentation prepared by our fellowship
trained breast radiologist with the most breast imaging (23 years) and breast MRI (12 years)
experience at our institution in conjunction with examples from our institution and the
published literature [53].

Currently, determination of BPE and FGT on MRI has been based on subjective estimation
of percentage of fibroglandular tissue relative to the entire breast, similar to mammographic
density assessment. However, MRI provides the possibility of a more quantitative
determination of breast density because of its cross-section, 3 dimensional coverage of the
breast tissue, and high contrast between fibroglandular and fatty tissue. Though not in
common clinical practice, several studies have demonstrated the relative accuracy and utility
in using 3D MRI for the estimation of both breast density [49, 55] and parenchymal patterns
[56]. The MRI assessment of breast density may also be refined with segmentation
techniques that can remove the fat and quantify the amount of fibroglandular tissue.

Parenchymal evaluation on MRI may also reflect the physiologic parameters of the tissue.
MRI allows both quantitative analysis and physiological assessment of the breast
parenchyma. BPE is affected by both the density of fibroglandular tissue and its vascularity.
Several studies have suggested that BPE represents physiological hormonal enhancement,
reflecting hormone-related changes in breast composition and vascularity. Fluctuations in
BPE have been demonstrated throughout the menstrual cycle, with the highest levels of
enhancement in the second half of the menstrual cycle during the luteal phase when breast
cell proliferation is at its highest [20]. BPE has also been demonstrated to reflect variations
in estrogen-mediated vascular permeability, with increased BPE seen in women taking
estrogen replacement therapy, and decreased BPE with anti-estrogen medications and in
postmenopausal patients [23—-30]. The significant hormonal influence on parenchymal
enhancement could explain our findings that a significant difference in BPE between the
high-risk and breast cancer groups was found only in the postmenopausal group, where the
hormonal influence is absent.

Several studies have found that higher body mass index (BMI =25) is associated with lower
breast density and that post-menopausal obese women have a 31% increased risk of
developing breast cancer [57-59]. In our study, there was a significantly higher proportion

Clin Imaging. Author manuscript; available in PMC 2015 December 21.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Albert et al.

Page 8

of post-menopausal women with a BMI=25 in the breast cancer cohort. This may also
contribute to the higher proportion of women with lower breast density and lower FGT in
women with breast cancer compared to the women at high risk for developing the disease.
However, there is a dearth of literature on the relationship of BMI and BPE.

Understanding of BPE and its associated risks is becoming more important in light of
increased breast MRI utilization. In its 2007 guidelines for breast cancer screening, the
American Cancer Society recommended annual screening MRI as an adjunct to
mammaography for certain high-risk women [9]. Since then, several additional organizations
including the National Comprehensive Cancer Network, American College of Radiology,
American College of Obstetricians and Gynecologists and The American Society of Breast
Surgeons, have recommended screening MRI for this high-risk population.

The correlation between levels of BPE and association with breast cancer risk is an
emerging topic that has been reported variably. Hambly et al. and DeMartini et al. [21,32]
do not show an increased incidence of cancer with increased BPE, but King et al. [15]
showed a significantly increased odds ratio for breast cancer with moderate or marked BPE.
In our study, independent of age, patients with breast cancer showed lower levels of
mammographic breast density, BPE, and FGT compared with those at higher risk for
developing breast cancer. MRI may represent a more physiological parameter that is not
available with conventional imaging.

Limitations of this study include its retrospective nature and small population size, which
may affect some of the statistical results and p-values which largely depend on sample size.
Ideally, a larger study that includes a control group of women at normal risk for breast
cancer may further elucidate the associations we found in our study. Also, this study did not
control for patient related issues such as menopausal status, weight, and details of hormonal
therapies. In addition, although pre-menopausal women underwent a screening breast MRI
during days 7-14 of the menstrual cycle, pre-menopausal women who were newly
diagnosed with breast cancer underwent their breast MRI regardless of their menstrual cycle.
In addition, the lack of automated evaluation of mammaographic density limits the study as
this density was interpreted qualitatively by a radiologist. We also acknowledge possible
selection bias given that our study cohort was influenced by clinician referral patterns.

In conclusion, we found that patients with post-menopausal breast cancer had lower
mammographic breast density, lower BPE and lower FGT compared to patients at high risk
for developing breast cancer. Women who are at higher risk for developing breast cancer
had more dense breasts and increased BPE and FGT. We also found a higher proportion of
overweight and obese women with postmenopausal breast cancer compared to the high risk
population. Currently, there is a dearth of literature on the relationship of BMI with BPE or
FGT and further studies on this topic are needed. The results of this study indicate that
breast density, BPE and FGT are imaging characteristics that may not be associated with
breast cancer tumorigenesis. Further studies on understanding the relationship of breast
density, BPE and FGT in breast carcinogenesis are warranted.
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Table 2

Tumor Characteristics of the Breast Cancer Patients

Variables Total (N=403) | %
Palpability

Non-palpable 272 67
Palpable 131 33
Histology

Ductal carcinoma in situ 106 26
Invasive ductal carcinoma 243 60
Invasive lobular carcinoma 37 9
Other 17 4

Tumor Stage

0 104 26
| 191 47
1A, 11IB 71 18
HIA, 1B, ITIC 28 7
\Y 4 1

Estrogen Receptor

Negative 85 21

Positive 318 79

Progesterone Receptor

Negative 130 32
Positive 273 68
Her-2 neu

Negative 285 98
Positive 4 1
Equivocal 2 1

Invasive Histological Grade

Well differentiated (Grade 1) 45 15
Moderately differentiated (Grade 2) 150 51
Poorly differentiated (Grade 3) 102 34
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