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Asymmetric background parenchymal
enhancement on contrast-enhanced
mammography: associated factors, diagnostic
workup, and clinical outcome
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Abstract

Objectives To summarize our institutional experience with contrast-enhanced mammography (CEM) exams reporting
asymmetric background parenchymal enhancement (BPE).

Materials and methods Consecutive CEMs performed between December 2012 and July 2023 were retrospectively
reviewed to identify exams reporting asymmetric BPE. Associated factors, the level of reporting certainty, BI-RADS
score, diagnostic workup, and clinical outcome were summarized. BPE grades and BI-RADS were compared between
initial CEM vs. immediate MRI and 6-month follow-up CEM, when indicated, using the Sign test.

Results Overall, 175/12,856 (1.4%) CEMs (140 female patients, mean age, 46 ± 8.0 years) reported asymmetric BPE.
Reporting certainty was mostly high (n= 86), then moderate (n= 59) and low (n= 30). Associated factors included
contralateral irradiation (n= 94), recent ipsilateral breast treatment (n= 14), and unilateral breastfeeding (n= 4). BI-
RADS scores were 0 (n= 21), 1/2 (n= 75), 3 (n= 67), 4 (n= 3), and 6 (n= 1), or given for a finding other than
asymmetric BPE (n= 8). Initial diagnostic-workup often included targeted-US (n= 107). Immediate MRI (n= 65) and/
or 6-month CEM follow-up (n= 69) downgraded most cases, with a significant decrease in BPE grade compared to the
initial CEM (p < 0.01 for both). On follow-up, two underlying cancers were diagnosed in the area of questionable
asymmetric BPE.

Conclusion Apparent asymmetric BPE is most often a benign finding with an identifiable etiology. However, rarely, it
may mask an underlying malignancy presenting as non-mass enhancement, thus requiring additional scrutiny.

Clinical relevance statement The variability in the diagnostic-workup of apparent asymmetric background
parenchymal enhancement stresses the clinical challenge of this radiological finding. Further studies are required to
verify these initial observations and to establish standardized management guidelines.

Key Points
● Apparent asymmetric background parenchymal enhancement usually represents a benign clinical correlate, though rarely
it may represent malignancy.

● Evaluation of asymmetric background parenchymal enhancement varied considerably in the metrics that were examined.
● Targeted US and MRI can be useful in evaluating unexplained asymmetric background parenchymal enhancement.
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Introduction
Background parenchymal enhancement (BPE) refers to
the normal fibroglandular tissue enhancement subsequent
to contrast administration, as observed originally on the
breast magnetic resonance imaging (MRI) scans of heal-
thy volunteers, with fluctuating enhancing foci during the
menstrual cycle [1, 2]. On breast MRI, BPE is typically
portrayed as having a “cortical” or “picture framing”
configuration, owing to the peripheral vascular supply of
the breast [3], and is graded qualitatively into one of four
ordinal categories, of minimal, mild, moderate and
marked, using the BI‐RADS four‐point scale [4].
In recent years, contrast-enhanced mammography

(CEM) has emerged as a viable alternative to breast MRI,
facilitating perfusion breast imaging [5] at reduced costs
and at potentially greater availability [6]. BPE on CEM has
shown moderate to substantial inter-reader agreement
[7–9] and significant associations with mammographic
density, menopausal status, prior breast radiation, and
hormonal therapy [8–10]; in addition, it was suggested to
be an independent risk factor for developing breast cancer
[11, 12].
The fifth addition of the Breast Imaging-Reporting and

Data System (BI-RADS) lexicon advocated reporting
whether BPE on MRI is symmetric or asymmetric [13],
and more recently, in 2022, the CEM supplement to the
BI-RADS lexicon has followed this instruction [14].
Indeed, BPE is usually symmetric and less frequently
asymmetric [3]. Symmetric BPE manifests as a mirror-
image enhancement of both breasts which provides
reassurance regarding the physiological nature of this
enhancement [15]. On the contrary, asymmetric BPE
manifestation occurs in cases in which a more prominent
and broader distribution of enhancement appears in one
breast when compared with the other breast. To date,
only scant scientific evidence exists about asymmetric
BPE, including its prevalence, clinical significance, and
management. Thus, the purpose of this study was to
summarize our institutional experience with CEM exams
reporting asymmetric BPE across a ~ 10-year period. In
particular, we sought to evaluate the extent of this radi-
ological finding, associated factors, diagnostic workup,
and clinical outcome.

Materials and methods
This retrospective Health Insurance Portability and
Accountability Act-compliant review was approved by our
institutional review board. The necessity for informed
consent was waived.

Study sample
A computational search of a prospectively maintained
database within our institutional radiology information

system (RIS) was conducted, targeting consecutive CEM
exams performed between December 2012 and July 2023.
Our search parameters included specific filter terms such
as “asymmetric” and “greater” (e.g., “marked BPE, right
greater than left”) to identify cases reporting asymmetric
BPE [14].
Subsequently, to validate our final study cohort, a case-

by-case review was undertaken to exclude any potentially
misclassified cases, particularly those erroneously col-
lected as representing an “asymmetry” (on low energy
views), rather the “asymmetric (BPE)”.

CEM technique
All CEM examinations were acquired using a dual-energy
mammography system (Senographe Essential; GE Medical
Systems). Per our institutional protocol, intravenous
iohexol (Omnipaque 350; GE Healthcare) at a dose of
1.5 mL/kg up to a maximum dose of 150mL was auto-
matically injected at a rate of 3 mL/s, followed by a saline
flush. Two minutes after contrast injection, breasts were
imaged using two standard views, mediolateral oblique
(MLO) and craniocaudal (CC), with almost simultaneous
low- (26–30 kVp) and high- (45–49 kVp) energy expo-
sures. The low-energy exposure serves to provide the
equivalent of digital mammography, whereas, the com-
bined information of the low and high-energy exposures
serves to construct the so-called recombined or iodine
image, showing areas of contrast uptake [16].

CEM interpretation and data assessment
The official CEM reports, each of which was originally
dictated by one of the breast radiologists at our institu-
tion, were used for data collection including indication for
imaging, mammographic density BI-RADS category, BPE
classification, including the dominant side of BPE and the
grade of BPE at that dominant side (i.e., grade 0, minimal;
grade 1, mild; grade 2, moderate and grade 3, marked),
suspicious findings and the modality (LE, recombined
images, or both) on which they were detected, any addi-
tional imaging performed (i.e., additional mammographic
views and/or targeted US, etc.), and final BI-RADS score,
assigned for both modalities (LE and recombined) toge-
ther. Since 2013, the reporting of BPE has been an integral
component of our institutional contrast-enhanced breast
imaging reporting template (including both CEM and
breast MRI), adhering closely to the Breast Imaging-
Reporting and Data System (BI-RADS) lexicon standards.
In addition, the level of certainty with which asymmetric

BPE was reported was recorded as follows: high, for cases
in which asymmetric BPE was defined (i.e., “consistent
with”); moderate, for cases in which asymmetric BPE was
suggested to be “probable”; and low, for cases in which
asymmetric BPE was suggested to be “possible” [17].

Nissan et al. European Radiology Page 2 of 11



The diagnostic workup and follow-up results of cases
reporting of asymmetric BPE were reviewed and sum-
marized. In cases where further investigation by MRI and/
or 6-month follow-up CEM was performed, the outcome,
BI-RADS score, and BPE characteristics of those exams,
as originally appeared on the of official radiology report,
were recorded and compared to those of the initial CEMs.
Medical records were reviewed to obtain information on
age, risk factors, biopsy results, tumor pathology, and
clinical information possibly related to asymmetric BPE.

Statistical analysis
Descriptive statistics were summarized by using fre-
quencies and percentages. For the evaluation of BPE,
ordinal numbering was assigned to BPE grades, with 0, 1,
2, and 3 representing minimal, mild, moderate, and
marked grades, respectively. BPE grades on the initial
CEM vs. immediate MRI and 6-month follow-up CEM
were compared and correlated using the two-tailed Sign
test and Spearman’s rank correlation coefficient test,
respectively (R: A language and environment for statistical
computing, 2020). Statistical significance was defined as
p < 0.05.

Results
CEM exam and patient characteristics
Overall, asymmetric BPE appeared in 175 (of 140 patients)
out of 12,856 CEM exams in the time span between
December 2012 and July 2023, accounting for 1.4% of
exams. Of the exams with asymmetric BPE, slightly
more than a third (69/175, 39.4%) were performed in
2022–2023, reflecting both the increase in CEM utility in
our institution in recent years, as well as the adherence to
the 2022 CEM BI-RADS lexicon requirement to report
the symmetry or asymmetry of BPE [14]. The indication
for CEM was mostly screening (n= 159/175, 90.9%), fol-
lowed by 6-month follow-up (n= 13/175, 7.4%), evalua-
tion of a palpable concern (n= 2/175, 1.1%), and extent of
disease evaluation (n= 1/175, 0.6%). The mean age of the
patients was 46 ± 8.0 years. The majority of patients (132/
140, 94.3%) were at elevated risk for developing breast
cancer (Table 1). In terms of mammographic density,
breasts were most commonly heterogeneously dense
(n= 104/175, 59.4%), followed by extremely dense
(n= 62/175, 35.4%) and a scattered fibroglandular pattern
(n= 9/175, 5.1%).

Asymmetric BPE evaluation and associated factors
The grade of the dominant asymmetric BPE was mainly
moderate (n= 90/175, 51.4%), followed by mild (n= 50/
175, 28.6%), marked (n= 33/175, 18.9%), and minimal
(n= 1/175, 0.6%). In one case, the grade was not reported,
due to the inability to determine whether the questionable

enhancement was asymmetric BPE or not. The side of the
dominant asymmetric BPE was evenly distributed for the
right (n= 89/175, 50.9%) and left (n= 86/175, 49.1%)
breast. Asymmetric BPE certainty was most commonly
high (n= 86/175, 49.1%), followed by moderate (n= 59/
175, 33.7%) and low (n= 30/175, 17.1%). In most CEM
exams, patients had a prior vascular breast imaging exam
(n= 99/175, 56.6%), of either CEM alone (n= 33), MRI
alone (n= 32), or both (n= 66). In most cases, asym-
metric BPE was attributed to an identifiable factor,
including history of breast irradiation contralateral to the
dominant BPE (n= 94/175); recent breast treatment,
including surgery and irradiation, ipsilateral to the
dominant BPE (n= 14/175); and unilateral breastfeeding,
ipsilateral to the dominant BPE (n= 4/175) (Table 1).
Representative images of asymmetric BPE attributed to
these respective associated factors are given in Figs. 1–3.

CEM BI-RADS and diagnostic workup recommendations
Most cases were scored as BI-RADS 1/2 (n= 75/175,
42.9%), followed by BI-RADS 3 (67/175, 38.3%), BI-RADS
0 (21/175, 12%), BI-RADS 4 (3/175, 1.7%), BI-RADS 6 (1/
175, 0.6%), or a BI-RADS score was given for a finding
other than asymmetric BPE (n= 8/175, 4.6%).
Of the 75 BI-RADS 1/2 cases, the initial diagnostic

workup included targeted US (n= 25), additional mam-
mographic views (n= 6), or both (n= 2). Of the 67 BI-
RADS 3 cases, the initial diagnostic workup included
targeted US (n= 53), with (n= 4) or without additional
mammographic views (n= 49). The BI-RADS 3 cases
were followed by a recommendation of either an
immediate MRI (n= 41) with (n= 34) or without (n= 7)
6-month CEM follow-up imaging, or simply 6-month
CEM follow-up imaging alone (n= 25). In one BI-RADS 3

Table 1 Patient characteristics

Characteristic Patients (n= 140)

Age at exam (y)a 46 ± 8.0

Age range (y) 30–73

Risk factors

Personal history of breast cancer 88 (62.8%)

Family history of first degree

relative

25 (17.9%)

History of high-risk lesion 16 (11.4%)

BRCA mutation 2 (1.4%)

Mantle irradiation 2 (0.7%)

Associated factors

Contralateral irradiation 94 (53.7%)

Ipsilateral recent treatment 14 (8%)

Unilateral breastfeeding 4 (2.3%)

aData are ± SD
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Fig. 1 Asymmetric background parenchymal enhancement (BPE) on contrast-enhanced mammography (CEM) in a patient with a history of unilateral
breast irradiation. Recombined mediolateral oblique (a, b) and craniocaudal (c, d) CEM images of a representative 47-year-old patient with a remote
history of right breast cancer treated with lumpectomy and chemoradiation. Longstanding post-treatment changes with asymmetric BPE, which is
marked on the left (b, d) and minimal on the right (a, c), are demonstrated and represent changes attributed to right breast irradiation

Fig. 2 Asymmetric background parenchymal enhancement (BPE) on early post-treatment contrast-enhanced mammography (CEM) in a patient with
recent breast treatment. Recombined mediolateral oblique images of early (a, b) and 1-year follow-up (c, d) CEM images of a representative 39-year-old
patient with a recent history of right breast cancer treated with lumpectomy and chemoradiation. Early post-treatment changes (6 months after surgery)
with moderate BPE are visible on the right (a) whereas minimal BPE is exhibited on the left (b). At 1-year follow-up, a dramatic decrease in the right
breast BPE is observed, with bilateral minimal BPE (c, d)
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case, the asymmetric BPE was unchanged for one year and
therefore one year CEM follow-up was recommended. Of
the 21 BI-RADS 0 cases, the initial diagnostic workup
included MRI (n= 20), with (n= 16) or without targeted
US (n= 4). In one case targeted US was performed with a
recommendation of 6-month CEM follow-up. Of the 3
BI-RADS 4 cases, all were followed by a recommendation
for an immediate MRI, which resulted in one benign MRI-
guided biopsy yielding pseudo-angiomatous stromal
hyperplasia (PASH) and two cancelations of biopsy due to
lesion non-visualization that remained negative on follow-
up. One BI-RADS 6 case was managed with a targeted US
to the area of asymmetric BPE and a recommendation of
6-month CEM follow-up.
For 8 cases, the BI-RADS score was given for a finding

other than asymmetric BPE, including BI-RADS score of 3
(n= 3), 4 (n= 4) or 0 (n= 1). One of these cases resulted
in a diagnosis of ductal carcinoma in situ for calcifications
contralateral to the dominant asymmetric BPE, and four
more cases resulted in a benign biopsy.

MRI BI-RADS and BPE
As part of the evaluation of asymmetric BPE, immediate
MRI was performed in 65 cases (41 BI-RADS 3 cases, 21
BI-RADS 0 cases, and 3 BI-RADS 4 cases). The immediate
MRI downgraded the suspicion regarding asymmetric
BPE for the majority of cases (42/65, 64.6%), resulting in
37 BI-RADS 2 cases, 4 BI-RADS 3 cases (in which MRI

was negative, but BI-RADS remained 3) and 1 BI-RADS 4
case, given for a new finding unrelated to asymmetric BPE
area, consequently yielding a benign biopsy. Interestingly,
in 26 BI-RADS 1/2 cases with a negative immediate MRI,
6-month CEM follow-up remained recommended to
confirm stability. For those cases where immediate MRI
revealed an area of questionable asymmetric and recom-
mended a biopsy (n= 13, 20%), most MRI-guided biop-
sies revealed benign findings, including PASH (n= 7),
benign breast parenchyma (n= 5), and one case yielded
neoplasm (see below).
Upon intra-individual comparison, the BPE grade on

the initial CEM examination reporting asymmetric BPE
(mean ± SD BPE score of 1.98 ± 0.75) was significantly
higher compared with the BPE grade on the consequent
MRI (mean ± SD BPE score of 1.63 ± 0.86) (p= 0.008). In
addition, the BPE grades on both exams exhibited a weak
but significant correlation (r= 0.25, p= 0.04).

Follow-up and clinical outcome
Six-month follow-up imaging for asymmetric BPE was
recommended in 69 cases and performed in 57 of them,
using CEM (n= 48) or MRI (n= 9), mostly downgrading
of the BI-RADS to 1/2 score (n= 38), followed by con-
tinued BI-RADS 3 (n= 19). For the remaining 12 cases,
follow-up imaging is either pending (n= 5), cancelled
(n= 5) or the patient was lost to follow-up (n= 2). Upon
paired intra-individual comparison, the mean ± SD initial

Fig. 3 Asymmetric background parenchymal enhancement (BPE) on contrast-enhanced mammography (CEM) in a unilateral breastfeeding patient.
Recombined mediolateral oblique (a, b) CEM images of a representative 38-year-old patient lactating from the left breast only, with a remote history of
right breast cancer. Post-treatment changes with minimal BPE are visible on the right, previously irradiated breast (a), whereas diffuse marked BPE is
exhibited on the left lactating breast, one-month postpartum (b). Asymmetric BPE is also demonstrated on the post-contrast subtracted maximum
intensity projection MRI image (c) performed for further evaluation. Upon breastfeeding cessation and follow-up, a dramatic decrease in the left breast
BPE is observed (d)
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CEM BPE of 1.92 ± 0.72 was significantly higher in com-
parison with the 6-month follow-up CEM BPE of
1.56 ± 0.82 (p= 0.003), with a weak but significant cor-
relation (r= 0.28, p= 0.03).
At least one year of follow-up was available for 141/

175 exams (80.6%) (Table 2). In two of those cases,
cancer was diagnosed within the area of questionable
asymmetric BPE (1.4%). The first case was a 43-year-old
patient with a remote history of right breast cancer. In
her initial CEM, moderate BPE, left greater than right,
was reported, and BI-RADS 2 was assigned for con-
tralateral post-radiation changes. Same-day bilateral
whole-breast screening US was also performed with no
suspicious finding. Six months following her initial
CEM, the patient returned with a palpable abnormality
in the left breast. Targeted US and US-guided biopsy
yielded invasive ductal carcinoma within the area of
previously apparent “greater BPE”, as demonstrated on
the post-biopsy mammogram (Fig. 4). The second case
was a 57-year-old patient. Her initial CEM demonstrated
left non-mass-enhancement, “possibly representing
asymmetric BPE”, with a negative targeted breast US. BI-
RADS 0 as given, with a recommendation of MRI and
6-month left breast CEM follow-up imaging. An MRI
correlate was demonstrated, and MRI-guided biopsy was
performed, yielding a benign result. On the next annual
CEM, persistent clumped non-mass enhancement was
found, lateral to the biopsy marker, for which BI-RADS
0 was reassigned, with the recommendation of an MRI
prior to re-biopsy. This time, CEM-guided stereotactic
biopsy was performed, yielding ductal carcinoma in situ
(Fig. 5).

Discussion
In this work, we report our institutional experience with
cases reporting asymmetric BPE on CEM. The American
College of Radiology BI-RADS lexicon has recommended
the reporting of asymmetric BPE on both breast MRI and
more recently CEM. However, to date, the phenomenon
of asymmetric BPE has been the focus of only a small
number of reviews and pictorials, in which all reported
this phenomenon on breast MRI [3, 4, 18, 19]. To the best

of our knowledge, this work is the first investigation of
asymmetric BPE on CEM.
Based on our retrospective review spanning a period of

about 10 years from December 2012 to July 2023, 175
cases reporting on asymmetric BPE on CEM were iden-
tified, representing 1.4% of all CEM exams during that
period. Of note, since the patient population at our
institution is enriched with patients with a personal his-
tory of treated breast cancer [20, 21], we had anticipated a
higher rate of asymmetric BPE on CEM. Our study
sample may have been underestimated for several reasons.
Most may be due to different wording used in the CEM
report to characterize asymmetric BPE which was not
captured by our search filter words, underscoring the
need for reporting standardization. In patients who had
been treated for cancer, it is possible that the asymmetric
uptake was considered a normal/expected finding
and not mentioned. To a lesser extent, possible under-
documentation in CEM reports is also possible, in cases
without a clear clinical relevance [22], such as cases with
mild or longstanding asymmetric BPE, as suggested by the
high abundance of cases with moderate/marked BPE in
our study sample.
Changes in the intensity of BPE are often related to

hormonal factors [23], including physiologic (such as
menstrual or menopausal status [24] and lactation [25])
and exogenous factors (such as intrauterine contraceptive
devices [26], hormonal replacement therapy [27], and
endocrine therapy [28]). The effect of the grade of BPE on
the diagnostic performance of MRI remains questionable
[29, 30]. Early breast MRI experimental works among
premenopausal healthy volunteers suggested a relation
between the BPE manifestation and the timing of the
exam along the menstrual cycle [1, 2]. Accordingly,
guidelines have recommended scheduling breast MRI
examinations during the second week of the menstrual
cycle, with the aim to screen during minimal BPE [31].
Yet, more recent data, dispute this longstanding recom-
mendation, and suggest that neither BPE levels nor MRI
performance metrics are associated with menstrual cycle
phase or week. [32, 33]. As CEM is a newer technique
there is less data regarding the effect of menstrual cycle
on BPE. Nonetheless, observations suggest that the extent
of BPE detected on CEM remains largely unaffected by
the menstrual cycle’s timing [34]. In light of this, we also
do not schedule CEM based on the menstruation phase.
Regardless of the timing of breast imaging, the evidence
continues to support the role of BPE as an imaging
marker to predict the development of breast cancer and to
predict treatment outcomes [11, 35].
In this study, the most common associated factor for

asymmetric BPE was prior breast cancer and treatment
with irradiation contralateral to the side of the dominant

Table 2 Follow-up and clinical outcome

Characteristic Exams (n= 175)

Adequate referencea 141 (80.6%)

Lack of adequate referenceb 34 (19.4%)

Clinical outcome

Benign entity 139 (98.6%)

Underlying neoplasm 2 (1.4%)

aBy means of at least one year of radiological follow-up or biopsy result
bFor either lost to follow-up, or pending follow-up

Nissan et al. European Radiology Page 6 of 11



BPE, in agreement with previous studies that compared
BPE on the irradiated breast before and after radiation
therapy [36, 37]. Interestingly, we have also seen, to a
lesser extent, an ipsilateral increase of BPE in the post-

lumpectomy breast on CEMs performed within months
after breast conservation surgery and irradiation. Indeed,
post-treatment breast MRI often displays focal enhance-
ment as well as edematous changes, seroma, and skin

Fig. 4 Cancer detected within an area initially diagnosed as asymmetric background parenchymal enhancement (BPE) on contrast-enhanced
mammography (CEM). Images of a 43-year-old patient with a history of right breast lumpectomy and irradiation 8 years prior to her CEM. Recombined
images (a–d) demonstrate post-treatment changes in the right breast, and asymmetric enhancement within the upper, slightly inner breast, posterior
depth (arrow), which was initially interpreted as asymmetric moderate BPE, left greater than right. For post-treatment changes, BI-RADS 2 was given.
Same-day bilateral whole-breast screening US was also performed with no suspicious finding. Six months following her CEM, the patient returned with a
left breast palpable abnormality. Mammography was negative; however, targeted US revealed a 2.0-cm irregular hypoechoic mass (e). Subsequent US-
guided biopsy (not presented) yielded invasive ductal carcinoma and post-biopsy mammography (f, g) demonstrated the biopsy clip within the area of
previously apparent “greater BPE”. Of note, the left breast anterior clip denotes the area of the previously benign biopsy
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thickening [38], making it difficult for interpretation [39].
Moreover, we encountered asymmetric, mostly marked
BPE in women with unilateral breastfeeding and with a
prior history of contralateral breast cancer, as was pre-
viously described with breast MRI [40–43]. Hence, the
changes of BPE imposed by these associated factors stress
the importance of clinical correlation.
Indeed, in the absence of clinical correlation, the dif-

ferentiation between asymmetric BPE and non-mass
enhancement (NME) can be challenging [15]. NME
encompasses a spectrum of enhancements that do not
conform to a discrete mass lesion but rather manifest as
regions of increased contrast uptake. Unlike BPE, NME
can be associated with a broad range of pathologies with
overlapping appearances, including benign conditions,
high-risk lesions and breast neoplasms, especially ductal
carcinoma in situ (DCIS) and invasive lobular carcinoma
(ILC) [44]. Yet, few NME descriptors including the dis-
tribution (segmental, clumped, and linear patterns) and

internal enhancement pattern (clustered ring enhance-
ment) should raise suspicion of possible malignancy [45].
On MRI, unlike the static post-contrast images of CEM,
the kinetic evaluation of the contrast enhancement may
affect the differential diagnosis over and above the mor-
phology. In particular, wash-in pattern afforded by ultra-
fast sequences could be of value in discriminating benign
and malignant NME which usually appear gradual and
fast, respectively [46].
The uncertainty regarding questionable asymmetric

BPE is highlighted by the variability in reporting con-
fidence that we encountered, the subsequent BI-RADS
score, and the diagnostic workup. This was particularly
evident in cases given BI-RADS scores of 0 or 3 which
varied greatly in the initial and recommended
imaging performed to evaluate area of questionable
asymmetric BPE.
In terms of the diagnostic workup of questionable

asymmetric BPE, it appears that a routine same-day

Fig. 5 Cancer detected within an area initially diagnosed as possibly asymmetric background parenchymal enhancement (BPE) on contrast-enhanced
mammography (CEM). Images of a 57-year-old patient whose CEM (a–d) demonstrated “mild BPE with 2.5 cm enhancing asymmetry in the left central
breast, possibly representing asymmetric BPE”. Note the zoomed craniocaudal image (e) demonstrating clumped slightly linear enhancement. For this,
targeted US was performed with no suspicious finding. BI-RADS 0 was given, with the recommendation of further evaluation with MRI and a 6-month left
breast CEM follow-up in case of negative MRI. On subsequent MRI (not presented), minimal BPE was reported with a 2.5-cm linear enhancement in the
left breast, correlating with CEM, for which MRI-guided biopsy was recommended, yielding benign breast parenchyma with sclerosing adenosis. One
year later, on screening CEM, persistent clumped non-mass enhancement with the biopsy marker slightly superior-lateral to it was noted (f, g). BI-RADS 0
was given again, with the recommendation of further evaluation with MRI prior to biopsy, which demonstrated a suspicious correlate (h). This time, CEM-
guided stereotactic biopsy was performed, yielding low-to-intermediate grade ductal carcinoma in situ. Post-biopsy mammography (not presented)
demonstrated the second biopsy clip within the exact area initially assessed as possible asymmetric BPE
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bilateral whole-breast US has minimal value and could be
misleading [47]. On the contrary, targeted US to the
asymmetric enhancement area can be of value, and pre-
sumably, had it been performed in our study, might have
detected what was eventually a 2.0 cm interval cancer,
misinterpreted as BPE. Furthermore, additional evaluation
with MRI could be of value, considering its extended
multiparametric characterization capabilities [48]. Indeed,
MRI which usually displays comparable BPE grades with
CEM [8] was able to downgrade most cases with ques-
tionable asymmetric BPE. In cases with a negative
immediate MRI, the practice of automatic 6-month CEM
follow-up imaging to confirm stability was not useful in
our study. As such, either MRI alone or 6-month CEM
follow-up imaging could be of value, but the utility of
6-month follow-up following a negative immediate MRI is
probably of limited value [49].
The second case of cancer encountered in our study

highlights the complexity that comes with evaluating a
CEM-detected lesion with MRI and MRI-guided biopsy
[50], which ended in an inaccurate biopsy. Fortunately,
CEM-guided biopsy is now available which may prevent
inaccurate targeting using MRI for a CEM finding [51].
Per definition, BPE is a benign phenomenon, with no

malignant potential. However, distinguishing asymmetric
BPE from multifocal or multicentric disease may be dif-
ficult, especially in cases with moderate or marked BPE
[52]. Thus, if asymmetric BPE is seen without a known
cause, or as seen in the first interval cancer in our cohort,
with a reasonable explanation but with a focal presenta-
tion, it should be evaluated to rule out an underlying
tumor [14]. Based on the positive predictive value of 1.4%
found in our study sample for apparent asymmetric BPE
(regardless of the official BI-RADS score), it appears that
suspected asymmetric BPE (without an obvious explana-
tion) falls exactly within the BI-RADS 3 score definition of
a probably benign finding with less than 2% percent of
malignant probability [13]. Further studies are needed to
verify our observations. In addition, the discrimination
between non-mass enhancement and BPE remains an
important area for future research, including by utilizing
advanced image analysis methods such as radiomics [53].
Several limitations of this study should be noted. This is

a retrospective single-institution study and the identifi-
cation of asymmetric BPE is most probably under-
estimated due to non-standardized terminology of
asymmetric BPE. Second, our study sample included a
relatively high portion of patients examined within the
last year of the study period, for which 1 year of follow-up
was unavailable at the latest time of submission. Finally,
the retrospective nature of the study and the various
approaches of diagnostic workup even for cases with the

same BI-RADS score limit our ability to draw clear con-
clusions regarding the appropriate management of ques-
tionable asymmetric BPE, and stresses the complexity and
lack of clear guidelines its evaluation.
To conclude, apparent asymmetric BPE is most often a

benign finding with an associated clinical etiology. Never-
theless, in less than 2% of cases, it may mask an underlying
malignancy. Thus, further evaluation of unexplained
asymmetric BPE is warranted, probably with targeted US,
MRI, or 6-month follow-up CEM. Further studies are
required to verify these initial observations and to provide
analytic tools for discriminating asymmetric BPE from
breast cancer presenting as non-mass enhancement.

Abbreviations
BPE Background parenchymal enhancement
CEM Contrast-enhanced mammography
NME Non-mass enhancement
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