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Conclusion:

©RSNA, 2015

To investigate whether qualitative magnetic resonance (MR)
imaging assessments of background parenchymal enhance-
ment (BPE), amount of fibroglandular tissue (FGT), and
mammographic density are associated with risk of develop-
ing breast cancer in women who are at high risk.

In this institutional review board-approved HIPAA-compli-
ant retrospective study, all screening breast MR images ob-
tained from January 2006 to December 2011 in women aged
18 years or older and at high risk for but without a history
of breast cancer were identified. Women in whom breast
cancer was diagnosed after index MR imaging comprised
the cancer cohort, and one-to-one matching (age and BRCA
status) of each woman with breast cancer to a control sub-
ject was performed by using MR images obtained in women
who did not develop breast cancer with follow-up time maxi-
mized. Amount of BPE, BPE pattern (peripheral vs central),
amount of FGT at MR imaging, and mammographic density
were assessed on index images. Imaging features were com-
pared between cancer and control cohorts by using condi-
tional logistic regression.

Twenty-three women at high risk (mean age, 47 years = 10
[standard deviation|; six women had BRCA mutations) with
no history of breast cancer underwent screening breast MR
imaging; in these women, a diagnosis of breast cancer (inva-
sive, n = 12; in situ, n = 11) was made during the follow-up
interval. Women with mild, moderate, or marked BPE were
nine times more likely to receive a diagnosis of breast cancer
during the follow-up interval than were those with minimal
BPE (P = .007; odds ratio = 9.0; 95% confidence interval: 1.1,
71.0). BPE pattern, MR imaging amount of FGT, and mam-
mographic density were not significantly different between
the cohorts (P = .5, P =5, and P = .4, respectively).

Greater BPE was associated with a higher probability of
developing breast cancer in women at high risk for cancer
and warrants further study.

©RSNA, 2015

Online supplemental material is available for this article.
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reast cancer accounts for ap-
proximately 40000  deaths
among U.S. women each year
(1). Early detection with imaging re-
mains critical to decrease mortal-
ity rates, particularly in women at
high risk for breast cancer. Current
American Cancer Society guidelines
recommend that women with a 20%
or greater lifetime risk of developing
breast cancer undergo annual screen-
ing breast magnetic resonance (MR)
imaging in addition to routine annual
screening mammography (2). Unfortu-
nately, tools used to assess risk (eg,
Gail, Claus, and Tyrer-Cuzick models)
are applied at a population level but
are not good predictors of individual
risk because the factors used have
weak predictive value and are common
in the general population (3).
Increasing  qualitative =~ mammo-
graphic breast density is known to cor-
relate with breast cancer risk (4,5).
Several studies have examined the value
of adding mammographic density to
current risk prediction tools (6,7); how-
ever, these models provide only mod-
erate discriminative ability. Analogous

Advances in Knowledge

® Women at high risk of developing
breast cancer undergoing
screening breast MR imaging
who have mild, moderate, or
marked background parenchymal
enhancement (BPE) were nine
times more likely to develop
breast cancer within a mean fol-
low-up interval of 5.6 years *
1.3 [standard deviation] than
were those with minimal BPE in
our cohort (odds ratio = 9.0;
95% confidence interval: 1.1,
71.0).

B There was no significant differ-
ence in mammographic density
and MR imaging-assessed
amount of fibroglandular tissue
in women at high risk in whom
breast cancer was diagnosed
versus women in whom breast
cancer was not diagnosed during
the follow-up interval (P > .05
for all comparisons).

to mammographic breast density, qual-
itative MR imaging assessment of the
amount of fibroglandular tissue (FGT)
recently was added to the updated
American College of Radiology Breast
Imaging Reporting and Data System
(BI-RADS) atlas (5th edition) (8). This
MR imaging feature has shown high
correlation to mammographic breast
density assessment and may provide
superior accuracy in the determination
of breast cancer risk (9-11).

Dynamic  contrast material-en-
hanced (DCE) MR imaging also pro-
vides physiologic information that could
advance imaging-based breast cancer
risk assessment. Through the admin-
istration of gadolinium-based contrast
agents, DCE MR imaging can reveal
enhancement kinetic features reflective
of breast cancer biology, such as neo-
vascularity and vascular permeability. It
is well established that normal FGT also
can enhance, a phenomenon known as
background parenchymal enhancement
(BPE). BPE fluctuates with variations
in hormones, particularly estrogen
levels, as determined by menstrual cy-
cle phase, menopausal status, tamoxi-
fen therapy, and hormone replacement
therapy (12-18). Increased exposure
to estrogen in a woman'’s life is linked
to breast tumorigenesis, and this hor-
monal effect is mediated by the pres-
ence of estrogen receptors (ERs) in the
breast tissue (19). A recent study by
King et al showed that higher amounts
of BPE were associated with breast can-
cer diagnoses (20), suggesting that BPE
could serve as an imaging biomarker of
estrogen responsive breast tissue prone
to malignant transformation.

The use of MR imaging to improve
breast cancer risk prediction through
more accurate assessment of amounts
of FGT when compared with mammog-
raphy, coupled with the identification
of hormonally responsive tissue, has

Implication for Patient Care

® BPE is a promising imaging bio-
marker of breast cancer risk and
could aid in refining clinical risk
assessment models to individu-
alize screening strategies.

important potential clinical implica-
tions. Combining MR imaging features
with clinical parameters to better de-
termine breast cancer risk could facili-
tate more tailored screening guidelines,
direct chemoprevention strategies, and
assist in complex patient decisions,
such as choosing prophylactic mas-
tectomies. In this vein, we sought to
investigate whether qualitative MR
imaging assessments of BPE, amount
of FGT, and mammographic density
are associated with risk of developing
breast cancer in high-risk women.

Materials and Methods

Study Population
This retrospective case-control study
was approved by our institutional re-
view board, which waived requirements
for informed consent. The study was
compliant with the Health Insurance
Portability and Accountability Act.

A review of our prospectively col-
lected MR imaging database was per-
formed to identify all screening MR
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imaging examinations performed in
women with high risk of breast can-
cer at our institution between Janu-
ary 1, 2006, and December 31, 2011.
High-risk criteria for eligibility at our
institution included determination of a
lifetime risk of breast cancer of greater
than 20% by using a risk assessment
tool that is primarily based on family
history (most commonly the Tyrer-Cuz-
ick model), presence of a known genetic
mutation (eg, BRCAT or BRCA2), and/
or history of chest radiation therapy be-
tween the ages of 10 and 30 years. We
included women aged 18 years or older
who had no history of breast cancer
prior to index MR imaging and who had
prospectively recorded BPE and mam-
mographic breast density assessments.
If multiple MR images were obtained
for a subject during the study period,
only data from the earliest (index) ex-
amination were included. This yielded
487 women who had undergone at least
one screening breast MR imaging ex-
amination during the study period.

All patient outcomes were deter-
mined by using data from the Con-
sortium Oncology Data Integration
project. This project is an institutional
review board-approved solid tumor
clinical research database developed
and maintained by the Fred Hutchinson
Cancer Research Center in collabora-
tion with the University of Washington,
and sources of data for the Consortium
Oncology Data Integration include our
institutional breast MR imaging and
pathology databases and the Cancer
Surveillance System regional tumor
registry, which has achieved 95% or
higher completeness according to the
North American Association of Cen-
tral Cancer Registries. For this study,
breast malignancy was defined as path-
ologic diagnosis of invasive carcinoma
or ductal carcinoma in situ (DCIS) in
either breast. Tumor ER status was
recorded for patients with a breast
malignancy. Final pathologic outcomes
were confirmed in all study patients by
cross-referencing the clinical electronic
medical record with the tumor registry
databases.

Of the 487 eligible women, 23
(4.7%) were identified as having a

breast cancer diagnosis after index MR
imaging was performed, and these pa-
tients comprised the cancer cohort. Po-
tential control subjects were identified
from the remaining 464 women who did
not receive a diagnosis of breast cancer
during the study period, and match-
ing was based on age and BRCA gene
mutation status, maximizing follow-up
time. One-to-one matching of each case
to a control subject was achieved by
randomly selecting a negative control
subject for each patient with cancer.
Time to diagnosis in the cancer cohort
was defined as the time from index MR
imaging to the date of tissue collection
that led to the cancer diagnosis. Con-
trol cohort follow-up time was defined
as the time from index MR imaging to 6
months prior to tumor registry inquiry
performed on September 30, 2013, to
account for lag time between cancer
diagnosis and registry documentation.

MR Imaging Technique

Over the course of the study period,
two MR imaging protocols, both of
which were consistent with American
College of Radiology breast MR imag-
ing accreditation program guidelines
(21), were used as clinical practice and
technology evolved. Patients underwent
imaging in the prone position, and im-
aging sequences included unenhanced
and at least two contrast-enhanced
T1-weighted fat-suppressed three-di-
mensional fast spoiled gradient-recalled

acquisitions.
From January 2006 through Janu-
ary 2010, examinations were per-

formed with a 1.5-T LX imager (GE
Healthcare, Waukesha, Wis) and use
of a dedicated eight-channel breast coil
(Sentinelle; Invivo, Gainesville, Fla).
DCE images were obtained in the ax-
ial plane with the following parame-
ters: repetition time msec/echo time
msec, 5.5/2.7; flip angle, 10°; field of
view, 32-38 cm; section thickness, 1.6
mm; and matrix size, 420 X 420. Initial
contrast-enhanced acquisitions were
centered at 90 seconds after contrast
material administration. After January
2010, examinations were performed
with a 3.0-T Achieva TX imager (Philips
Healthcare, Best, the Netherlands) and

use of a 16-channel dedicated breast
coil (Mammotrak, Philips Healthcare).
DCE images were obtained in the axial
plane with the following parameters:
5.9/3.0; flip angle, 10°; field of view,
22-33 cm; section thickness, 1.3 mm;
and matrix size, 440 X 660. Initial
contrast-enhanced acquisitions were
centered at 110 seconds after contrast
material administration.

For all examinations, gadolinium-
containing contrast material (Om-
niscan, GE Healthcare) was power
injected (0.1 mmol per kilogram of
body weight at a rate of 2 ml/sec)
and followed by a 20-mL saline flush,
and images were processed by using a
commercially available computer-aided
evaluation system (CADstream; Merge
Healthcare, Chicago, Il1).

Image Interpretation

Mammographic breast density was re-
corded at the time of clinical breast
MR image interpretation by one of six
fellowship-trained radiologists (includ-
ing H.R. and C.D.L.) who specialized
in breast imaging and was determined
from the screening mammogram ob-
tained closest to and within 12 months
prior to MR imaging and in accordance
with BI-RADS criteria, as follows (8):
almost entirely fatty, scattered areas
of fibroglandular density, heteroge-
neously dense, or extremely dense.
Qualitative BPE on MR images was
assessed for each study at the time of
clinical interpretation by one of five
fellowship-trained radiologists (includ-
ing H.R. and C.D.L.) who special-
ized in breast imaging in accordance
with BI-RADS categories: minimal,
mild, moderate, or marked (Fig 1).
Determination of BPE was based on
the amount of FGT enhancing on the
DCE subtraction and maximum inten-
sity projection images, both of which
are created by subtracting the unen-
hanced T1-weighted image from the ini-
tial contrast-enhanced image. In cases
of substantial patient motion between
examinations, BPE was determined via
visual comparison of the initial unen-
hanced and contrast-enhanced images.
Assessments and recommendations
also were prospectively recorded in
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Figure 1

C.
Figure 1:

Figure 2

Figure 2:
show (@) BPE with a predominantly central pattern and (b) BPE with a predominantly peripheral pattern.

accordance with BI-RADS at the time
of clinical interpretation, and all MR
imaging variables were recorded in the
Consortium Oncology Data Integration
database and extracted for the purpose
of this study.

Because BPE that is elevated due to
hormone effects typically has a greater
component of central enhancement

within the breast parenchyma than
BPE that is presumably due to vascular
perfusion (22), two fellowship-trained
radiologists (B.D., J.S.; 1 and 3 years
of breast MR imaging experience, re-
spectively) blinded to patient outcomes
retrospectively and  independently
determined BPE patterns, as follows
(Fig 2): If the majority of parenchymal

Examples of varying amounts of BPE, as prospectively assessed qualitatively. Axial postcontrast maximum intensity projection MR images show (a)
minimal, (b) mild, (c) moderate, and (d) marked BPE.

Examples of BPE patterns, as assessed retrospectively, with observers blinded to clinical outcomes. Axial T1-weighted postcontrast fat-saturated images

enhancement for a patient was located
in the periphery of the breast paren-
chyma, the BPE pattern was classified
as peripheral, whereas if the majority
of the breast parenchymal enhance-
ment was located centrally within the
parenchyma, the BPE pattern was clas-
sified as central. These two radiologists
also determined the amount of FGT
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Figure 3

c.
Figure 3:

Examples of varying amounts of FGT on breast MR images, as assessed retrospectively, with observers blinded to known mammographic densities.

Axial T1-weighted images show examples of breast composition described as (a) almost entirely fat, (b) scattered fibroglandular, (c) heterogeneous, and (d)

extreme amount of FGT.

on each MR image in accordance with
BI-RADS criteria, as follows: almost
entirely fat, scattered areas of FGT,
heterogeneous FGT, or extreme FGT
(Fig 3). Differences in interpretation of
BPE patterns and amounts of FGT on
MR images between the two interpret-
ing radiologists were resolved through
consensus.

Statistical Analysis

Differences in MR imaging protocol
(1.5-T vs 3.0-T imaging) between
the cancer and control cohorts were
assessed with the Fisher exact test.
Amount and dominant pattern of BPE
on MR images, amount of FGT on MR
images, and mammographic density
were compared between the cancer
cohort and the control cohort by us-
ing conditional logistic regression to
estimate odds ratios and correspond-
ing 95% confidence intervals for de-
veloping breast cancer. Factors found

to differ significantly across patients
and control subjects were further
analyzed by using receiver operating
characteristic curve analysis to iden-
tify optimal thresholds to maximize
both sensitivity and specificity. Across
patients with cancer, logistic regres-
sion and the Fisher exact test were
used to assess differences in breast
tissue imaging features between sub-
jects who developed ER-positive and
ER-negative cancers. P < .05 was con-
sidered to indicate a significant differ-
ence for all comparisons. All compu-
tations were performed by using SAS
software (version 9.4; SAS Institute,
Cary, NC).

Of the 23 breast malignancies diag-
nosed during the study interval in the
cancer cohort, 12 (52%) were invasive
and 11 (48%) were DCIS (Table 1).

Nine of the twelve (75%) invasive can-
cers were ER positive, and six DCIS
lesions (six of 10, 60%) were ER posi-
tive; the ER status of one patient with
DCIS was unknown. Within the cancer
cohort, mean time from index MR im-
aging to breast cancer diagnosis was
2.1 years = 1.6 (standard deviation),
with six (26%) of the 23 cancers diag-
nosed on the basis of suspicious find-
ings described on the index MR im-
ages and the remainder diagnosed on
the basis of imaging (eight patients at
screening MR imaging, six at screening
mammography) and three cancers di-
agnosed on the basis of clinical symp-
toms, physical examination findings af-
ter index MR imaging, or both. None
of the index MR imaging findings in
the cohort were false-negative (defined
as negative MR imaging findings with
cancer diagnosed within 365 days after
the date of the MR imaging). Mean age
of patients in the cancer cohort was

Radiology: \lolume 276: Number 2—August 2015 = radiology.rsna.org
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Table 1

Patient Characteristics and Indications of the Cancer Cohort and Matched Negative

Controls
Variable Cancer Cohort (n = 23) Control Cohort (n = 23)
Age (y)* 47.7 =10 (31-70) 47.6 = 9.7 (31-70)

Follow-up interval (y)*!
MR imaging protocol
1.5 T (Prior to February 2010)
3.0 T (February 2010 or later)
Indication for high-risk screening MR imaging
BRCAT mutation
BRCA2 mutation
Family and/or genetic history of breast
cancer
DCIS*
ER positive
ER negative
Invasive breast cancer
ER positive
ER negative

2.1 £1.6(0.01-5.1) 5.1*1.3(24-7.0

22 (96) 19(83)
14 4(17)
3(13) 3(13)
3(13) 3(13)

17 (74 17 (74)

11 (48) NA
6 (60) NA
4.(40) NA

12 (52) NA
9(75) NA
3 (25) NA

Note.—Unless otherwise indicated, data are numbers of patients and data in parentheses are percentages. All patients were
matched for age and BRCA mutation status. NA = not applicable.

*Data are mean = standard deviation. Data in parentheses are the range.
1 Data are time to diagnosis in the cancer cohort and follow-up time in control cohort.

¥ Data on ER status were unavailable for one patient with DCIS.

47.7 years = 10 (range, 31-70 years),
and six patients had BRCA1 or BRCA2
gene mutations. Mean follow-up time
for the control cohort, matched with
the cancer cohort for age and BRCA
status, was 5.1 years * 1.3 (range,
2-7 years). Among the 46 patients
included in the study, the two radiol-
ogists agreed on BPE pattern in 44;
for the two patients with discordant
findings, disagreement was resolved by
consensus. Within the cancer cohort,
22 women underwent 1.5-T MR imag-
ing and one woman underwent 3.0-T
MR imaging; this was not significantly
different from the control cohort (n =
19 and n = 4, respectively; P = .3).

Association of Qualitative Imaging
Features with Developing Breast Cancer

In the cancer cohort, there was no
significant association between MR
imaging-assessed amounts of FGT or
mammographic breast density and
cancer development (P = .5 and P =
.4, respectively; Table 2). However,
conditional logistic regression showed

BPE was significantly associated with
cancer development (P = .02). Re-
ceiver operating characteristic curve
analysis further suggested an optimal
threshold (for maximizing the area
under the curve) of BPE greater than
1 (minimal) in the differentiation of
patients with cancer from control sub-
jects (Fig 4). By using this threshold,
we found that a significantly higher
percentage of women in the cancer
cohort had either mild, moderate, or
marked BPE (78% [18 of 23 women])
than did women in the control cohort
(43% [10 of 23 women], P = .007).
Furthermore, women with mild, mod-
erate, or marked BPE were nine times
more likely to develop breast cancer
during the follow-up interval when
compared with women with minimal
BPE (odds ratio = 9.0; 95% confidence
interval: 1.1, 71.0). BPE pattern (cen-
tral vs peripheral) was not associated
with cancer development (odds ratio,
0.6; 95% confidence interval: 0.1,
2.5). Examples of patients with mod-
erate and marked BPE who developed

breast cancer are shown in Figures 3
and 6. (Images for the matched control
subjects are shown in Figs E1 and E2
[online].)

Associations of Imaging Parameters
with ER-positive Forms of Breast
Cancer

For patients within the cancer cohort
for whom ER status was known (22
of 23 patients), there were no signif-
icant associations of BPE assessment
or BPE pattern with ER positivity (P =
.9 and P = .8, respectively; Table 3).
Similarly, we found no significant as-
sociations of MR imaging-assessed
amount of FGT or mammographic
density with cancer ER status (P = .1
and P = .7, respectively).

In our cohort, women with an MR im-
aging assessment of mild, moderate,
or marked BPE were nine times more
likely to develop breast cancer than
were women with minimal BPE. Our
results suggest that this breast MR im-
aging feature has the potential to im-
prove upon standard clinical models to
more accurately determine a woman’s
individual breast cancer risk.

While the findings from this study
support a previously published report
by King et al (20), which showed an as-
sociation between higher BPE assess-
ments and breast cancer diagnoses,
there are several noteworthy design dif-
ferences that broaden clinical applica-
bility of our findings. In that prior study,
the authors reported that women with
retrospectively assessed moderate or
marked BPE on high-risk screening
breast MR images had an approxi-
mately 10-fold greater chance of hav-
ing breast cancer detected with MR
imaging when compared with women
with minimal or mild BPE. A limita-
tion of their study design was that all
patients in the cancer cohort had a
visually detectable breast malignancy
on the MR images, which could have
artificially increased BPE assessments,
both through malignancy-associated
enhancement that was categorized
as part of the BPE and through bias
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Table 2

Comparison of Imaging Characteristics between the Cancer and Negative Control
Cohorts by Conditional Logistic Regression

Cancer Cohort Control Cohort
Characteristic (n=23) (n=23) 0dds Ratio* PValue

BPE 2.3(1.0,5.4) .02
Minimal 5(22) 13 (57)

Mild 9(39) 6 (26)
Moderate 5(22) 3(13)
Marked 4(17) 1(4)

BPE (dichotomous) . . .
Minimal 5(22) 13 (57) 9.0(1.1,71.0) .007
Mild, moderate, or marked 18 (78) 10 (43) . .

MR imaging amount FGT 1.2(0.7,2.2) )
Almost entirely fat 1(4) 2(9)

Scattered fibroglandular 6 (26) 6 (26)
Heterogeneous fibroglandular 8(395) 10 (43)
Extreme fibroglandular 8 (35) 5 (22) e

Mammographic density . . 1.4(0.7,3.0) 4
Almost entirely fat 0(0) 14)

Scattered fibroglandular 6 (26) 8 (35)
Heterogeneously dense 12 (52) 10 (43)
Extremely dense 5(22) 4(17) .

BPE pattern . 0.6 (0.1,2.5) 5
Peripheral 8 (35) 10 (43)

Central 15 (65) 13 (57)

Note.—Unless otherwise indicated, data are numbers of subjects, with percentages in parentheses.
* Data in parentheses are 95% confidence intervals.

Sensitivity

100 |-
80 |-
60 |-
a0
20 Sensitivity = 78.3
I Specificity = 56.5
BPE > minimal
0 P L1 R B
0 20 40 60 80 100

100 — Specificity

Figure 4:  Receiver operating
characteristic curve shows
accuracy of BPE assessment in
the discrimination of patients
with cancer (n = 23) and
control subjects (n = 23). The
area under the curve was 0.70
(95% confidence interval: 0.54,
0.82). An optimal BPE threshold
of greater than minimal was
identified to maximize sensitivity
and specificity, with a resulting
diagnostic performance of 78%
sensitivity and 57% specificity.

when readers encountered an area of
suspicious enhancement. King et al at-
tempted to mitigate the issue of bias
by creating a population of patients
with false-positive MR examinations
matched to patients with cancer;
this lowered the magnitude of the as-
sociation of greater BPE with the can-
cer cohort by approximately half (odds
ratio, 5.1).

In contrast, our study included
women at high risk with prospectively
assessed BPE who had a subsequent
diagnosis of breast cancer after index
screening MR imaging. The majority
of patients with cancer in this cohort
(n = 17) were not identified at index
MR imaging, which improves the clin-
ical applicability of using BPE as a
marker of future breast cancer risk.
Furthermore, all patients at high risk
in our study had never previously had
a breast cancer diagnosis, whereas
31% of patients included in the can-
cer cohort in the King et al study had
previously undergone treatment for
a breast malignancy. This distinction
is important because BPE levels are
known to decrease over time in the
affected breast in women who have
undergone prior treatment with ra-
diation (22,23), a factor that could
have affected BPE assessments. Fi-
nally, King et al did not match for
BRCA status, which is currently one
of the strongest indicators of breast
cancer risk, and unbalanced case con-
trol could have led to bias in their re-
sults. Our study included 12 patients
with BRCA mutations evenly matched
between the cohorts; therefore, our
study provides more conclusive ev-
idence that BPE levels in women at
high risk have the potential to serve
as an independent
breast cancer risk.

Because BPE levels are associated
with amounts of circulating estrogen
in the body, we also assessed whether
women in the cancer cohort with ER-
positive malignancies were more likely
to have a higher BPE assessment than
were those with ER-negative cancer.
We found no significant relationship
between MR imaging features of nor-
mal breast tissue and ER positivity of

biomarker of

Radiology: \lolume 276: Number 2—August 2015 = radiology.rsna.org

377



Radiology

BREAST IMAGING: Breast Cancer Risk

Dontchos et al

Figure 5

Figure 5:

Figure 6

Contrast-enhanced maximum intensity projection in a 41-year-old woman with

a family history of breast cancer shows marked BPE. This patient was found to have invasive
ductal carcinoma 183 days after index MR imaging. (The maximum intensity projection image
from the age- and history-matched control subject is provided in Figure E1 [online].)

Figure 6: Postcontrast maximum intensity projection in a 48-year-old woman with a genetic
history of breast cancer and prior excisional biopsy in the left breast shows moderate BPE.

A diagnosis of invasive ductal carcinoma was made 1044 days after index MR imaging. (The
maximum intensity projection image from the age- and history-matched control subject is

provided in Figure E2 [online].)

breast cancers. This suggests that BPE
portends a greater risk for developing
all breast cancers, not just hormone-
sensitive malignancies. We also hy-
pothesized that central patterns of
BPE would show a greater association
with the development of breast cancer
due to an assumed greater hormone-
mediated effect on BPE compared
with the peripheral so-called picture
frame pattern of BPE related to the
normal peripheral vascular supply to
breast tissue (22). However, we found
no differences in the proportion of pa-
tients with predominantly central BPE
patterns between the cancer and con-
trol cohorts.

Finally, we found no differences in
mammographic density or the amount
of FGT on MR images between the
cancer and control cohorts. While
mammographic density is well estab-
lished to be associated with an in-
creased likelihood of a woman devel-
oping breast cancer in her lifetime,
its role in refining the determination
of breast cancer risk in women who
are already at high risk is less clear.
In fact, one prior study showed that
mammographic breast density did not
improve breast cancer risk assess-
ment in women who carried the BRCA
gene mutation (24). However, two-
thirds (31 of 46) of our total cohort of

patients had a mammographic density
assessment of heterogeneously dense
or extremely dense; this fraction is
higher than that previously reported
in the general population (approxi-
mately 50% [23]). This suggests that
the effect of mammographic density
on breast cancer risk may have already
been accounted for in our study popu-
lation, and further study of the corre-
lation of BPE with breast cancer risk
in cohorts with more balanced density
assessments is warranted.

The precise reason elevated levels
of BPE but not mammographic density
or amount of FGT might correlate with
breast cancer risk is unknown. While
exhibiting BPE requires a patient to
have at least some fibroglandular tis-
sue (ie, entirely fatty breasts cannot
exhibit BPE), the two assessments
are distinct, with recent study find-
ings enabling confirmation that mam-
mographic density does not correlate
with BPE levels (26). It is possible
that BPE is a marker of physiologically
active breast tissue that is more likely
to undergo malignant transformation,
perhaps specifically identifying areas
of increased inflammation that re-
cently have been linked to malignant
breast tumorigenesis (27). Additional
studies to assess the biologic relation-
ship between BPE and breast cancer
development are needed to better ex-
plain why it may serve as a biomarker
of breast cancer risk.

Our study had several important
limitations. First, we used qualitative
assessments of BPE, mammographic
breast density, and FGT at MR imag-
ing, all of which are potentially prone
to inter- and intraobserver variability.
It is possible that use of quantitative
measurements would strengthen the
identified association of BPE with
breast cancer risk and enable identi-
fication of significant associations of
the amounts of FGT with breast can-
cer risk not evident with qualitative
assessments. We also studied BPE in
women already known to be at higher
risk for breast cancer since women at
average risk typically are not screened
with breast MR imaging. Accordingly,
it remains unknown whether the
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Table 3

Comparison of Imaging Characteristics between Patients Diagnosed with ER-positive
and ER-negative Cancers at Logistic Regression

Characteristic ER Negative ER Positive Odds Ratio* PValue

BPE . 1.1(0.4,2.5) 9

Minimal 2(29) 3(20)

Mild 2(29) 7 (47)

Moderate 2(29) 2(13)

Marked 1(14) 3(20)
MR imaging amount FGT .. 2.2(0.8,6.6) A

Almost entirely fat 1(14) 0(0)

Scattered fibroglandular 2(29) 4(27)

Heterogeneous fibroglandular 3(43) 4(27) e

Extreme fibroglandular 1(14) 7(47)
Mammographic density . 1.3(0.4,4.8) 7

Almost entirely fat 0(0) 0(0)

Scattered fibroglandular 2(29) 4(27)

Heterogeneously dense 4 (57) 7(47) .

Extremely dense 1(14) 4(27)
BPE pattern 1.3(0.2,8.9) .8

Peripheral 2(29) 5(33)

Central 5(71) 10 (67)

Note.—Unless otherwise indicated, data are numbers of subjects, with percentages in parentheses.

* Data in parentheses are 95% confidence intervals.

relationship between increasing BPE
and breast cancer risk would extend
to the general population of women.
Because our MR imaging technique
changed during the course of the
study, the fraction of control subjects
in whom follow-up time was maxi-
mized who underwent 1.5-T imaging
was greater than the fraction of sub-
jects with cancer who underwent 1.5-
T imaging; however, this difference
was not significant. Because of the-
oretical differences in T1 relaxation
times at varying field strengths, this
may have affected BPE assessments
and thereby, the observed associa-
tions. Finally, because of the single-
institution design and relatively recent
use of MR imaging for screening, our
cancer cohort was small and follow-up
time was limited. As a result, our
study may have been underpowered
to adequately detect all imaging asso-
ciations with breast cancer risk (post
hoc power, approximately 70%). In
addition, thresholds for discriminat-
ing between women who developed

breast cancer and those who did not
could not be tested with a unique data
set, thereby limiting applicability of
the results. Thus, verification of our
findings in larger multi-institutional
cohorts is needed.

In conclusion, our study suggests
that qualitative MR imaging BPE assess-
ment may be useful in the prediction
of breast cancer risk. Mammographic
density and MR imaging assessment
of amounts of FGT, while known risk
factors in women at average risk, may
be less predictive in women already de-
termined to be at high risk for breast
cancer. If this biomarker is verified in
larger multicenter cohorts, the integra-
tion of BPE into clinical risk assessment
tools could enable screening and che-
moprevention strategies to be better
tailored to each individual’s true risk.
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