UC Davis
UC Davis Previously Published Works

Title

Comparison of Background Parenchymal Enhancement at Contrast-enhanced Spectral
Mammography and Breast MR Imaging.

Permalink
https://escholarship.org/uc/item/68z9370w
Journal

Radiology, 282(1)

Authors
Sogani, Julie
Kaplan, Jennifer
DAlessio, Donna

Publication Date
2017

DOI
10.1148/radiol.2016160284

Peer reviewed

eScholarship.org Powered by the California Diqgital Library

University of California


https://escholarship.org/uc/item/68z9370w
https://escholarship.org/uc/item/68z9370w#author
https://escholarship.org
http://www.cdlib.org/

Radiology

This copy is for personal use only. To order printed copies, contact reprints@rsna.org |

Comparison of Background
Parenchymal Enhancement at
Contrast-enhanced Spectral
Mammography and Breast MR
Imaging’

Julie Sogani, MD
Elizabeth A. Morris, MD
Jennifer B. Kaplan, MD
Donna D’Alessio, MD
Debra Goldman, MS
Chaya S. Moskowitz, PhD
Maxine S. Jochelson, MD

Purpose:

Materials and
Methods:

Results:
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received April 14; accepted May 2; final version accepted
May 4. Address correspondence to M.S.J. (e-mail:
Jjochelsm@mskcc.org).

Conclusion:

Study funded in part through the National Institutes of
Health National Cancer Institute Cancer Centers (P30
CA008748).
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To assess the extent of background parenchymal enhance-
ment (BPE) at contrast material-enhanced (CE) spectral
mammography and breast magnetic resonance (MR) im-
aging, to evaluate interreader agreement in BPE assess-
ment, and to examine the relationships between clinical

factors and BPE.

This was a retrospective, institutional review board-ap-
proved, HIPAA-compliant study. Two hundred seven-
ty-eight women from 235 to 76 years of age with increased
breast cancer risk who underwent CE spectral mammog-
raphy and MR imaging for screening or staging from 2010
through 2014 were included. Three readers independently
rated BPE on CE spectral mammographic and MR im-
ages with the ordinal scale: minimal, mild, moderate,
or marked. To assess pairwise agreement between BPE
levels on CE spectral mammographic and MR images and
among readers, weighted k coefficients with quadratic
weights were calculated. For overall agreement, mean k
values and bootstrapped 95% confidence intervals were
calculated. The univariate and multivariate associations
between BPE and clinical factors were examined by using
generalized estimating equations separately for CE spec-
tral mammography and MR imaging.

Most women had minimal or mild BPE at both CE spectral
mammography (68%-76%) and MR imaging (69%-76%).
Between CE spectral mammography and MR imaging, the
intrareader agreement ranged from moderate to substan-
tial (k = 0.55-0.67). Overall agreement on BPE levels be-
tween CE spectral mammography and MR imaging and
among readers was substantial (k = 0.66; 95% confidence
interval: 0.61, 0.70). With both modalities, BPE demon-
strated significant association with menopausal status,
prior breast radiation therapy, hormonal treatment,
breast density on CE spectral mammographic images, and
amount of fibroglandular tissue on MR images (P < .001
for all).

There was substantial agreement between readers for BPE
detected on CE spectral mammographic and MR images.

©RSNA, 2016
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ackground parenchymal enhance-

ment (BPE) is a well-known phe-

nomenon demonstrated at breast
magnetic resonance (MR) imaging and
is caused by enhancement of normal
breast tissue after intravenous contrast
material administration (1-5). The de-
gree of BPE is related to the vascular
supply and permeability of breast pa-
renchyma and is usually present in
a bilateral, symmetrical distribution.
BPE is known to fluctuate with varying
hormone levels, as determined by men-
opausal status and possibly the phase of
the menstrual cycle in premenopausal
women (1,3,5-7). Some recommend
that breast MR imaging be performed
during days 7-14 of the menstrual cycle
(1); however, others did not find that the
time of the menstrual cycle in which MR
imaging was performed affected rates
of cancer detection, callbacks, or pos-
itive biopsy results (4,8,9). Hormonal
therapy and radiation therapy for breast
cancer have been demonstrated to alter
BPE levels (10-14). Controversy exists
as to whether BPE negatively affects the
sensitivity and specificity of MR image
interpretation by obscuring enhancing
malignancies or causing enhancement
patterns that mimic cancerous lesions,
respectively (9). Furthermore, BPE is
an important parameter to evaluate be-
cause it has been demonstrated to be
an independent predictor of breast can-
cer risk, even when compared with the

Advances in Knowledge

B Intrareader agreement on back-
ground parenchymal enhance-
ment (BPE) levels was moderate
to substantial between contrast
material-enhanced (CE) spectral
mammography and MR imaging
(k =0.55-0.67).

B [nterreader agreement on BPE
level assessment at CE spectral
mammography was substantial,
with a k value of 0.68 (95% con-
fidence interval [CI]: 0.62, 0.73).

B Overall agreement among readers
for BPE levels between CE spec-
tral mammography and MR im-
aging was substantial (k = 0.66;
95% CI: 0.61, 0.70).

well-studied mammographic breast den-
sity (15,16).

Contrast material-enhanced (CE)
digital mammography is a relatively new
breast imaging modality in which con-
trast enhancement is used with digital
mammography to depict tumor vascu-
larity in a fashion similar to MR imaging
(17-21). CE spectral mammography has
been demonstrated to be more sensitive
than mammography for the detection of
breast cancer. Its sensitivity is compara-
ble to that of MR imaging at 96%-100%
for detection of the index lesion in pa-
tients with breast cancer on the basis
of previous studies (22-24). While it is
slightly less sensitive for the detection
of additional sites of disease, there are
fewer false-positive findings at CE spec-
tral mammography in the preoperative
setting (22-24). Because of its low cost,
potential broad availability, and ability to
be used in women who cannot undergo
MR imaging because of metallic implants
or claustrophobia, CE spectral mammog-
raphy is a promising addition to current
breast imaging techniques. In the course
of evaluating this technique, BPE has
been noted. However, to our knowledge,
no formal evaluation of BPE at CE spec-
tral mammography has been conducted.
The goals of this study were to assess the
extent of BPE at CE spectral mammogra-
phy and breast MR imaging, to evaluate
interreader agreement in BPE assess-
ment, and to examine the relationships
between clinical factors and BPE.

Materials and Methods

Study Design and Patients

The institutional review board grant-
ed a waiver of authorization regarding

Implication for Patient Care

® While increased BPE on MR
images has been shown to be
associated with having increased
odds of manifesting breast
cancer, appropriately powered
prospective studies will be
needed to evaluate BPE at CE
spectral mammography as a pre-
dictor of breast cancer risk.

patient consent for this Health Insur-
ance Portability and Accountability
Act-compliant retrospective study.
Two hundred seventy-eight consec-
utive patients over 21 years of age
who were undergoing evaluation for
increased risk (>15% lifetime risk)
of developing breast cancer or for
newly diagnosed breast cancer be-
tween 2010 and 2014 were included.
The population included all women
from a prospective study of 66 pa-
tients with cancer to determine the
utility of CE spectral mammography
for detecting and staging breast can-
cer. The remainder of the patients
was from a prospective study in which
CE spectral mammography was com-
pared with MR imaging for screening
women with more than 15% risk of
developing breast cancer. All 212 pa-
tients who had completed evaluation
at the time we began the BPE inves-
tigation were included. Patients who
were pregnant or lactating or who had
renal insufficiency or a history of con-
trast agent allergy were excluded. CE
spectral mammography was required
to be performed within 30 days of MR
imaging. One hundred three of these
patients were included in prior pub-
lished studies (24,25); however, the
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Abbreviations:

BI-RADS = Breast Imaging Reporting and Data System
BPE = background parenchymal enhancement

CE = contrast material enhanced

Cl = confidence interval

OR = odds ratio
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Figure 1

%

a. b.

Figure 1:
enhancement on these images is due to BPE.

focus of this study was on BPE, which
was not addressed in those studies.
Patient information was obtained
from the electronic medical record.
Patients were categorized as premeno-
pausal or postmenopausal (defined as
having a last menstrual period more
than 12 months prior to imaging). For
the premenopausal women, menstrual
cycle timing was determined by the
date of their last menstrual period at
the time of imaging and was catego-
rized as day 1-7, day 8-14, day 15-21,
or day 22-28. Menstrual cycle timing
was recorded in relation to both MR
imaging and CE spectral mammogra-
phy. Perimenopausal patients with ir-
regular menstrual cycles more than 29
days apart and those without a docu-
mented last menstrual period were
excluded from the menstrual cycle
timing analysis. Of note, 13 premen-
opausal women underwent imaging
on different days but within the same
phase of their menstrual cycle, while

C.

21 premenopausal women underwent
imaging in different phases of their
menstrual cycles, which ranged from
8 to 25 days apart. Current or recent
use of hormonal breast cancer treat-
ment was recorded, including selec-
tive estrogen receptor modulators and
aromatase inhibitors used within the
past 3 years. Patients who were us-
ing hormone replacement therapy or
hormonal contraceptives (14 patients)
were excluded from the hormonal
treatment analysis. Prior breast radi-
ation therapy was also documented.
The amount of fibroglandular tissue
on MR images and the breast density
at CE spectral mammography were
obtained from the original reports in
the electronic medical record. They
were graded according to the Breast
Imaging Reporting and Data System
(BI-RADS) as predominately fatty (BI-
RADS category 1), scattered fibro-
glandular densities (BI-RADS category
2), heterogeneously dense (BI-RADS

d.

Mediolateral oblique CE spectral mammographic images demonstrate different breasts with (a) minimal, (b) mild, (¢) moderate, and (d) marked BPE. All

category 3), or extremely dense (BI-
RADS category 4).

CE Spectral Mammography and MR
Imaging Technique

All CE spectral mammography was
performed at our institution by us-
ing a state-of-the-art digital mam-
mography unit (Senobright; GE, Buc,
France). Intravenous administration
of 1.5 mL of iohexol (Omnipaque 350;
GE, Shanghai, China) per kilogram
of body weight was performed at an
injection rate of 3 mL/sec. Once the
injection was completed, the patient
was positioned to acquire the first
mammographic image, which was
obtained approximately 2.5 minutes
after injection. All four images (cra-
niocaudal and mediolateral oblique
images of each breast) were obtained
within 5 minutes. For each view, a
low-energy exposure (26-30 kVp)
and a high-energy exposure (45-49
kVp) were acquired. A recombination

Radiology: \olume 282: Number 1—dJanuary 2017 = radiology.rsna.org
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Figure 2

Figure 2: Axial T1-weighted fat-suppressed CE subtraction MR images demonstrate different breasts with (a) minimal, (b)
mild, (¢) moderate, and (d) marked BPE.

algorithm was used to subtract un-
enhanced breast tissue and provided
a subtracted image on which areas
of contrast enhancement were high-
lighted. The low-energy exposure im-
ages were used to determine breast
density. All four views were used for
BPE evaluation, except in patients
who had undergone radiation ther-
apy to one breast. In those patients,
only the two views of the nonradiated
breast were evaluated.

All but 13 MR imaging examina-
tions were performed at our insti-
tution. Only examination data from

outside institutions that were deemed
of equal technical quality to those gen-
erated at our institution were used
for evaluation. This quality determi-
nation was performed by interpreting
radiologists at our institution prior
to inclusion in the study. All studies
were performed with a 1.53-T or 3.0-T
commercially available system. Those
from our institution were performed
on state-of-the-art imaging units (GE,
Milwaukee, Wis) by using a dedicated
surface breast coil. Integrated parallel
acquisition techniques were used for
imaging both breasts simultaneously.

The standard examination included a
localizing sequence, followed by sag-
ittal fat-suppressed T2-weighted and
T1-weighted sequences. A T1-weight-
ed, three-dimensional, fat-suppressed
fast spoiled gradient-echo sequence
was then performed before and three
times after delivery of a rapid bolus
injection of gadolinium-based contrast
agent. CE image acquisitions were
obtained in a sagittal projection until
2013, when axial images were used.
Unenhanced images were subtracted
from CE images on a pixel-by-pixel
basis to produce subtraction images.
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The first CE images were used for BPE

evaluation.

CE Spectral Mammographic and MR
Image Interpretation

Images were reviewed by three radi-
ologists (E.A.M., J.B.K., and D.D.)
with 10-20 years of breast imaging
experience. Prior to image review, the
readers examined a standardized set of
eight cases that demonstrated BPE cat-
egories on CE spectral mammographic
and MR images. The CE spectral mam-
mographic and MR images of all 278
patients were reviewed by all three
readers independently in randomized
fashion. The volume and intensity of
enhancement were categorized accord-
ing to the BI-RADS system as minimal,
mild, moderate, or marked (Figs 1, 2).

Statistical Analysis

A weighted k coefficient with quadratic
weights, along with its 95% confidence
interval (CI), was calculated to assess
pairwise agreement between CE spec-
tral mammography and MR imaging
and between each pairing of the three
readers. Percentage agreement was also
provided for each pairwise comparison.
For assessment of overall agreement,
the mean k value was calculated from
these pairs. To calculate Cls around the
Kk statistic, the data were resampled on
the patient level by using bootstrapping
(with n = 1000 replicates). Strength
of k agreement was defined as less
than 0.00, poor; 0.00-0.20, slight;
0.21-0.40, fair; 0.41-0.60, moderate;
0.61-0.80, substantial; and 0.81-1.00,
almost perfect (26). Additionally, sen-
sitivity analysis was performed to ex-
amine the effect on k agreement when
excluding the 21 patients with CE spec-
tral mammography and MR imaging
performed in different phases of the
menstrual cycle.

Univariate relationships between
BPE and clinical factors were assessed
by using generalized estimating equa-
tions adjusted for reader, with an inde-
pendent working correlation matrix to
assume a multinomial distribution with a
cumulative logit link to account for mul-
tiple measurements per patient. Reader
was controlled for in each univariate

Patient Characteristics

Parameter

No. of Patients (7 = 278)

Menopausal status

Premenopausal 105 (37.8)
Postmenopausal 171 (61.5)
Not available 2(0.7)
Day of menstrual cycle at the time of MR imaging (n = 105)
Day 1-7 21(7.6)
Day 8-14 25(9.0)
Day 15-31 18 (6.5)
Day 22-28 11 (4.0)
Day = 29 or day < 365 23(8.3)
Not available 7(2.5)
Day of menstrual cycle at the time of CE spectral mammography (n = 105)
Day 1-7 19 (6.8)
Day 8-14 20(7.2)
Day 15-31 14 (5.0)
Day 22-28 16 (5.8)
Day = 29 or day < 365 23(8.3)
Not available 13 (4.7)
Fibroglandular tissue at MR imaging
Predominately fatty 11 (4.0
Scattered fibroglandular densities 84 (30.2)
Heterogeneously dense 139 (50.0)
Extremely dense 44 (15.8)
Breast density at CE spectral mammography
Predominately fatty 3(1.1)
Scattered fibroglandular densities 95 (34.2)
Heterogeneously dense 165 (59.3)
Extremely dense 15(5.4)
Breast cancer
Newly diagnosed breast cancer* 66 (23.7)
Previously treated breast cancer 84 (30.2)
None 128 (46.0)
Breast radiation therapy
Yes 61(21.9)
No 217 (78.0)
Hormonal treatment
Tamoxifen 42 (15.1)
Raloxifene 6(2.2)
Aromatase inhibitor 16 (5.8)
Hormone replacement therapy or hormonal contraceptives 14 (5.0)
No current use 200 (71.9)

Note.—Numbers in parentheses are percentages. Median patient age was 51 years (range, 25.0-76.0 years). Median time
interval between CE spectral mammography and MR imaging was 0 days (range, 029 days). One hundred ninety-five patients
underwent CE spectral mammography and MR imaging on the same day.

* The number of patients with breast cancer refers to patients with a recent diagnosis of breast cancer, including ductal
carcinoma in situ, who had not yet undergone therapy with hormonal treatment, radiation therapy, or surgery.

analysis as a fixed factor. Odds ratios
(ORs) and corresponding 95% Cls were
estimated from models adjusted for
reader. Factors significant at univariate
analysis at a level of P less than .05 were

considered for multivariate analysis.
Owing to the collinearity between fibro-
glandular tissue amount on MR images
and breast density on CE spectral mam-
mographic images, only fibroglandular

Radiology: \olume 282: Number 1—dJanuary 2017 = radiology.rsna.org
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Table 2

Agreement among Readers and between Imaging Modalities for Background Parenchymal Enhancement Categorization

Modality, Readers,* and Minimal Mild Moderate Marked Total No. of Overall Percentage
Enhancement Level Enhancement Enhancement Enhancement Enhancement Cases Weighted « Values Agreement (%)
CE spectral mammography
Readers 1 and 2 0.71[0.65, 0.78] 54.7
Minimal 81(29.1) 25(9.0) 5(1.8) 2(0.7)
Mild 38 (13.7) 37(13.3) 17 (6.1) 1(0.4) 93 (33.4)
Moderate 1(0.4) 5(1.8) 21(7.6) 28 (10.1) 55(19.8)
Marked 0(0) 1(0.4) 3(1.1) 13 (4.7) 17 (6.1)
Total no. of cases 120 (43.2) 68 (24.5) 46 (16.5) 44 (15.8) 278
Readers 1 and 3 0.70[0.63, 0.77] 61.5
Minimal 79 (28.4) 31(11.2) 3(1.1) 0(0) 113 (40.6)
Mild 34 (12.2) 52 (18.7) 7(2.5) 0(0) 93 (33.5)
Moderate 3(1.1) 12 (4.3) 35(12.6) 5(1.8) 55(19.8)
Marked 1(0.4) 0(0) 11 (4.0 5(1.8) 17 (6.1)
Total no. of cases 117 (42.1) 95 (34.2) 56 (20.1) 10 (3.6) 278
Readers 2 and 3 0.62 [0.54, 0.69] 46.4
Minimal 74 (26.6) 42 (15.1) 4(1.4) 0(0) 120 (43.2)
Mild 34(12.2) 28 (10.1) 5(1.8) 1(0.4) 68 (24.5)
Moderate 6(2.2) 22 (7.9) 18 (6.5) 0(0) 46 (16.5)
Marked 3(1.1) 3(1.1) 29 (10.4) 932 44 (15.8)
Total no. of cases 117 (42.1) 95 (34.2) 56 (20.1) 10 (3.6) 278
All readers 0.68 [0.62, 0.73]
MR imaging
Readers 1 and 2 0.72[0.66, 0.78] 57.9
Minimal 80 (28.8) 14 (5.0) 6(2.2) 1(0.4) 101 (36.3)
Mild 44 (15.8) 42 (15.1) 12 (4.3 1(0.4) 99 (35.6)
Moderate 3(1.1) 10 (3.6) 26 (9.4) 25(9.0) 64 (23.0)
Marked 0(0) 0(0) 1(0.4) 13 (4.7) 14 (5.0)
Total no. of cases 127 (45.7) 66 (23.7) 45 (16.2) 40 (14.4) 278
Readers 1 and 3 0.79[0.73, 0.84] 68.7
Minimal 76 (27.3) 24 (8.6) 1(0.4) 0(0) 101 (36.3)
Mild 28 (10.1) 67 (24.1) 4(1.4) 0(0) 99 (35.6)
Moderate 2(0.7) 13 (4.7) 37 (13.3) 12 (4.3) 64 (23.0)
Marked 0(0) 1(0.4) 2(0.7) 11 (4.0) 14 (5.0)
Total no. of cases 106 (38.1) 105 (37.8) 44 (15.8) 23 (8.3 278
Readers 2 and 3 0.75[0.70, 0.81] 59.7
Minimal 84 (30.2) 42 (15.1) 1(0.4) 0(0) 127 (45.7)
Mild 17 (6.1) 42 (15.1) 7 (2.5) 0(0) 66 (23.7)
Moderate 5(1.8) 17 (6.1) 20 (7.2) 3(1.1) 45 (16.2)
Marked 0(0) 4(1.4) 16 (5.8) 20(7.2) 40 (14.4)
Total no. of cases 106 (38.1) 105 (37.8) 44 (15.8) 23 (8.3 278
All readers 0.75[0.70-0.80]
CE spectral mammography and
MR imaging
Reader 1 0.66 [0.57,0.75] 61.5
Minimal 72 (25.9) 37(13.3) 3(1.1) 1(0.4) 113 (40.6)
Mild 23 (8.3 53 (19.1) 16 (5.8) 1(0.4) 93 (33.4)
Moderate 4(1.4) 9(3.2) 38 (13.7) 4(1.4) 55(19.8)
Marked 2(0.7) 0(0) 7(2.5) 8(2.9) 17 (6.1)
Total no. of cases 101 (36.3) 99 (35.6) 64 (23.0) 14 (5.0) 278
Reader 2 0.67 [0.60, 0.75] 54.0
Minimal 84 (30.2 26 (9.4) 10 (3.6) 0(0) 120 (43.2)
Mild 31 (11. 23 (8.3 11 (4.0) 3(1.1) 68 (24.5)

Table 2 (continues)
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Agreement among Readers and between Imaging Modalities for Background Parenchymal Enhancement Categorization

Modality, Readers,* and Minimal Mild Moderate Marked Total No. of Overall Percentage
Enhancement Level Enhancement Enhancement Enhancement Enhancement Cases Weighted « Values Agreement (%)
Moderate 10 (3.6) 14 (5.0 14 (5.0) 8(2.9) 46 (16.5)
Marked 2(0.7 3(1.1 10 (3.6) 29 (10.4) 44 (15.8)
Total no. of cases 127 (45.7) 66 (23.7) 45 (16.2) 40 (14.4) 278
Reader 3 0.55[0.47,0.63] 471
Minimal 65 (23.4) 45 (16.2) 7(2.5 0(0) 117 (42.1)
Mild 37 (13.3) 41 (14.7) 14 (5.0) 3(1.1) 95 (34.2)
Moderate 4(1.4) 15 (5.4) 21 (7.6) 16 (5.8) 56 (20.1)
Marked 0(0) 4(1.4) 2(0.7) 4(1.4) 10 (3.6)
Total no. of cases 106 (38.1) 105 (37.8) 44 (15.8) 23(8.3) 278
Overall 0.66 [0.61,0.70]

Note.—Data are numbers of patients, with percentages in parentheses, unless indicated otherwise. Data in brackets are 95% Cls.
* The numbers in the text refer to a cross-tabulation of the two readers’ values, with the row values containing those of the first listed reader and CE spectral mammography and the columnar values

containing those of the second listed reader and MR imaging.

tissue amount on MR images was con-
sidered. Significant factors were entered
into a multivariate ordinal generalized
estimating equation, adjusted for age
and reader as a fixed factor. BPE on CE
spectral mammographic images and BPE
on MR images was analyzed separately.
The proportion of each BPE category in
each phase of the menstrual cycle was
estimated, along with modified Clopper-
Pearson Cls (27), to account for the
multiple readers’ measurements.

P values less than .05 were consid-
ered to indicate a statistically significant
difference. Statistical analyses were
performed with SAS version 9.4 soft-
ware (SAS Institute, Cary, NC) and the
Cran R packages “psy” and “boot” (R
Foundation, Vienna, Austria).

Patient characteristics are given in
Table 1. A total of 278 women were in-
cluded, with a median time of O days
(range, 0-29 days) between the two ex-
aminations. Median age was 351 years
(range, 25-76 years). A total of 61.5%
of patients (171 of 278) were postmen-
opausal, 50% (139 of 278) had hetero-
geneously dense breasts, 23.7% (66 of
278) had a new diagnosis of breast can-
cer, 30.2% (84 of 278) had a history
of treated breast cancer, 28.0% (78
of 278) used hormonal breast cancer

therapies, and 21.9% (61 of 278) had
undergone breast radiation therapy.

As seen in Table 2, overall agreement
on BPE levels between CE spectral
mammography and MR imaging and
among the readers was substantial with
a k value of 0.66 (95% CI: 0.61, 0.70).
Between CE spectral mammography
and MR imaging, the agreement ranged
from moderate for reader 3 (k = 0.55;
95% CI: 0.47, 0.63) to substantial for
reader 1 (k = 0.66; 95% CI: 0.57, 0.75)
and reader 2 (k = 0.67; 95% CI: 0.60,
0.75). Within CE spectral mammogra-
phy, the agreement between readers
was substantial at a k value of 0.68
(95% CI: 0.62, 0.73), with the pairwise
agreements all being substantial (range,
k = 0.62-0.71). Within MR imaging, the
agreement for the readers was also sub-
stantial at a k value of 0.75 (95% CI:
0.70, 0.80), with pairwise agreements all
being substantial (range, k = 0.72-0.79).

The proportion of cases in each BPE
category was comparable among readers
and between imaging modalities (Table
2). On CE spectral mammographic
images, the BPE level was minimal in
42%-43%, mild in 25%-34%, moderate
in 17%-20%, and marked in 4%-16%:;
on MR images, it was minimal in 38%-
46%, mild in 24%-38%, moderate in
16%, and marked in 8%-14%. When
BPE levels were discordant between the
readers, they tended to differ mostly by

only one category level, particularly be-
tween minimal and mild. Between CE
spectral mammography and MR imaging,
reader 1 recorded higher levels of BPE
on MR images compared with CE spec-
tral mammographic images. For readers
2 and 3, the discordance did not appear
to have a substantial pattern.

We examined the effect on BPE
agreement when excluding the 21 pa-
tients who underwent CE spectral
mammography and MR imaging in
different phases of the menstrual cy-
cle, and the sensitivity analysis showed
that the results were not substantially
different. The agreement for the three
readers was 0.69 (95% CI: 0.63, 0.74)
on CE spectral mammographic images,
0.76 (95% CI: 0.71, 0.81) on MR im-
ages, and 0.67 (95% CI: 0.62, 0.71)
overall, which was approximately 0.01
higher than with all patients included.

BPE as measured on CE spectral
mammographic images was significantly
associated with menopausal status, ra-
diation therapy, hormonal treatment,
breast density depicted at CE spectral
mammography, and fibroglandular tis-
sue amount depicted at MR imaging (P
< .001 for each, Table 3). The odds of
having higher BPE levels was lower for
postmenopausal women (OR = 0.16;
95% CI: 0.11, 0.25), lower for those
using hormonal treatment (OR = 0.48;
95% CI: 0.32, 0.70), lower for those
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Table 3

Univariate Relationship between Clinical Predictors and BPE

Parameter OR 95% Cl PValue
BPE on CE spectral mammographic images

Menopausal status

Premenopausal Reference

Postmenopausal 0.16 0.11,0.25 <.001
Menstrual cycle timing 0.93 0.15,1.27 .652
Breast density at CE spectral mammography

Predominately fatty Reference

Scattered fibroglandular densities 533 0.87,32.95

Heterogeneously dense 17.97 2.95,109.62

Extremely dense 48.55 6.39, 368.67 <.001
Fibroglandular tissue at MR imaging

Predominately fatty Reference

Scattered fibroglandular densities 1.10 0.37,2.26

Heterogeneously dense 3.50 1.21,10.16

Extremely dense 6.13 1.92,19.63 <.001
Breast radiation therapy

No Reference

Yes 0.46 0.30,0.68 <.001
Hormonal treatment

None Reference

Tamoxifen, raloxifene, or aromatase inhibitor 0.48 0.32,0.70 <.001
Age (y) 0.93 0.91,0.96 <.001

BPE on MR images

Menopausal status

Premenopausal Reference

Postmenopausal 0.16 0.11,0.26 <.001
Menstrual cycle timing 0.79 0.55,1.14 215
Fibroglandular tissue at MR imaging

Predominately fatty Reference

Scattered fibroglandular densities 217 0.83,5.69

Heterogeneously dense 6.90 2.71,17.61

Extremely dense 6.15 2.14,17.69 <.001
Breast radiation therapy

No Reference

Yes 0.33 0.21,0.52 <.001
Hormonal treatment

None Reference

Tamoxifen, raloxifene, or aromatase inhibitor 0.35 0.22,0.55 <.001
Age (y) 0.95 0.92,0.97 <.001

Note.—“Reference” refers to the category used as the reference group. Reader was controlled for in each analysis as a fixed

factor.

who underwent radiation therapy (OR
=0.46; 95% CI: 0.30, 0.68), and higher
for those with nonfatty breasts as as-
sessed with CE spectral mammography
(OR = 5.33 [95% CI: 0.87, 32.95] for
BI-RADS category 2; OR = 17.97 [95%
CI: 2.95, 109.62] for BI-RADS cate-
gory 3; and OR = 48.55 [95% CI: 6.39,
368.67] for BI-RADS category 4) and

MR imaging (OR = 1.10 [95% CI: 0.37,
2.26] for BI-RADS category 2; OR =
3.50 [95% CI: 1.21, 10.16] for BI-RADS
category 3; and OR = 6.13 [95% CI:
1.92, 19.63] for BI-RADS category 4).
As seen with CE spectral mammog-
raphy, BPE on MR images was signifi-
cantly associated with menopausal status
(P < .001), hormonal treatment (P <

.001), radiation therapy (P < .001), and
fibroglandular tissue amount depicted at
MR imaging (P < .001, Table 3). The
odds of having higher BPE were lower
for postmenopausal women (OR = 0.16;
95% CI: 0.11, 0.26), lower for those
using hormonal treatment (OR = 0.35;
95% CI: 0.22, 0.55), lower for those
who underwent radiation therapy (OR =
0.33; 95% CI: 0.21, 0.52), and higher
for those with nonfatty breasts (OR =
2.17 [95% CI: 0.83, 5.69] for BI-RADS
category 2; OR = 6.90 [95% CI: 2.71,
17.61] for BI-RADS category 3; and
OR =6.15 [95% CI: 2.14, 17.69] for BI-
RADS category 4).

Hormonal treatment, menopausal
status, fibroglandular tissue amount
depicted at MR imaging, and radiation
treatment were entered into a multivar-
iate model with age and reader. Meno-
pausal status (OR =0.16; 95% CI: 0.09,
0.30; P < .001), fibroglandular tissue
amount depicted at MR imaging (OR =
1.56 [95% CI: 0.53, 4.56] for BI-RADS
category 2; OR = 3.80 [95% CI: 1.33,
10.80] for BI-RADS category 3; and
OR =2.43 [95% CI: 0.76, 7.76] for BI-
RADS category 4; P < .001), radiation
treatment (OR = 0.46 [95% CI: 0.27,
0.81]; P = .007), and hormonal treat-
ment (OR = 0.56 [95% CI: 0.32, 0.98];
P = .042) remained significant predic-
tors of BPE on MR images (Table 4).

The results of univariate analysis
suggest that BPE decreases as age in-
creases, but this association was not
significant in the multivariate analysis,
likely owing to the relationship between
menopausal status and age.

Most patients were postmenopausal,
with only 92 and 98 premenopausal pa-
tients having available menstrual cycle
timing for CE spectral mammography
and MR imaging, respectively. We found
no clear pattern in the proportion of pre-
menopausal women with minimal, mild,
moderate, or marked BPE across the
different phases of the menstrual cycle.
Notably, the Cls for the estimates of each
cycle time overlapped in most cases.

BPE on MR images has been described

as a biomarker for increased breast
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Table 4

Multivariate Relationship between Clinical Predictors and BPE

Parameter OR 95% Cl PValue
BPE on CE spectral mammographic images
Age (y) 0.99 0.96,1.03 641
Hormonal treatment (tamoxifen, raloxifene, or 0.73 0.46,1.17 190
aromatase inhibitor)
Postmenopausal status 0.23 0.13,0.41 <.001
Fibroglandular tissue at MR imaging 0.63 0.19,2.14 <.001
Scattered fibroglandular densities
Heterogeneously dense 1.53 0.46, 5.09
Extremely dense 2.36 0.66, 8.47
Radiation treatment 0.61 0.38,0.99 .044
BPE on MR images
Age (y) 1.02 0.99, 1.06 .236
Hormonal treatment (tamoxifen, raloxifene, or 0.56 0.32,0.98 .042
aromatase inhibitor)
Postmenopausal status 0.16 0.09, 0.30 <.001
Fibroglandular tissue at MR imaging 1.56 0.53, 4.56 <.001
Scattered fibroglandular densities
Heterogeneously dense 3.80 1.33,10.80
Extremely dense 2.43 0.76,7.76
Radiation treatment 0.46 0.27,0.81 .007

cancer risk (15,16). Therefore, BPE
assessment may be an important po-
tential biomarker with other vascular-
based imaging techniques. In this study
of 278 women, agreement was sub-
stantial between findings of CE spec-
tral mammography and MR imaging in
the assessment of BPE. Additionally,
interreader agreement for BPE cate-
gorization was found to be substantial
on both CE spectral mammographic
and MR images. Prior studies have
demonstrated fair or moderate inter-
reader agreement in categorizing BPE
on MR images (6,15,28), which may be
explained by the readers’” more limited
experience with BPE at the time the
studies were conducted.

BPE is thought to be related to the
vascular supply and permeability of the
breast vascularity. A number of stud-
ies have shown an influence of meno-
pausal status on MR imaging-depicted
BPE (7,15). The breast is a hormon-
ally sensitive tissue; this suggests that
postmenopausal women are exposed to
lower estrogenic hormone activity that
leads to decreased BPE. In our study,
we also demonstrated that postmen-
opausal women have a lower risk of

higher BPE levels on both CE spectral
mammographic and MR images. Men-
strual cycle timing has been shown to
be related to BPE on MR images, with
the lowest enhancement on days 7-14
of the cycle (1). However, there is var-
iation in the timing among multiple
studies (3,4), with King et al (9) find-
ing no association with the phase of the
cycle. Similarly, we did not find a clear
pattern in variation of BPE across the
menstrual cycle on either CE spectral
mammographic or MR images, which
further suggests that menstrual cycle
timing may not need to be considered
when scheduling examinations for the
purpose of evaluating BPE. However,
this finding would need to be confirmed
in future studies. Moreover, studies
have confirmed that BPE does not ob-
scure cancer detection, increase recall
rates, or result in false-positive biopsy
findings (4,8,9).

In our sample, women using hor-
monal treatment for breast cancer
were less likely to have higher BPE
levels on MR and CE spectral mam-
mographic images, in accordance with
the existing literature on MR imag-
ing (10-12). These medications have

antiestrogenic effects in the breast, re-
sulting in lower BPE. In 2014, Schrad-
ing et al found a more pronounced
decrease in BPE with tamoxifen as
compared with aromatase inhibitors;
however, too few patients in our study
were taking aromatase inhibitors to be
able to examine a difference (12).

Few studies have addressed the
effect of radiation therapy on BPE
(13,14). In some, investigators sug-
gest that radiation may disrupt the ar-
chitecture of the breast parenchyma,
leading to reduced vascularity and en-
hancement. Our data demonstrated
that women who underwent radiation
treatment had lower BPE levels on both
CE spectral mammographic and MR
images. Further study is required to
determine the origin of this lower BPE.

Similar to BPE on MR images, breast
density at mammography corresponds
to the fibroglandular component of the
breast, and increased levels have been
shown be a strong risk factor for breast
cancer development (29,30). While Ar-
kani et al (31) found a significant corre-
lation between mammographic density
and BPE, other investigators did not
find a relationship (32,33). The dis-
crepancy in results may be due to lack
of systematic methods of quantifying
breast density and BPE in these stud-
ies. We observed that increased BPE
on CE spectral mammographic images
was associated with higher mammo-
graphically depicted breast density and
that the relationship of BPE with breast
density was similar by using low-energy
CE spectral mammographic images and
MR images. Both were significant pre-
dictors of BPE.

The primary limitation of this study,
as with all studies on BPE, is the sub-
jective nature of BPE assessment. An-
other limitation was the retrospective
nature of this study. We had to rely on
the electronic medical record for pa-
tient information, which was not always
recorded consistently and could not
be used for analysis. Additionally, be-
cause this was a cross-sectional study,
changes over time could not be exam-
ined. The subgroup analyses, including
menstrual cycle timing, were limited
because of the small patient population
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in each subgroup. This study was not
designed to look at the relationship
between BPE on CE spectral mammo-
graphic images and breast cancer risk,
as the sample size was limited.

In summary, there was substan-
tial agreement between readers for
BPE as detected on CE spectral mam-
mographic and MR images. While in-
creased BPE on MR images has been
shown to be associated with increased
odds of manifesting breast cancer, ap-
propriately powered prospective stud-
ies will be needed to evaluate BPE on
CE spectral mammographic images as a
predictor of breast cancer risk.
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