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INTRODUCTION

Magnetic resonance (MR) imaging is an advanced modality currently reserved for
supplemental breast cancer screening in high-risk individuals, with excellent sensitivity and
specificity reported in recent literature.1=> Although MR imaging-specific impact on breast
cancer mortality is difficult to assess, supplemental screening with MR imaging has been
associated with detection of earlier-stage disease and improved 10-year survival.” Although
mammography is the standard of care for population-wide screening known to decrease
mortality, questions of overdiagnosis and overtreatment persist.8 With increasingly
sophisticated understanding of breast cancer heterogeneity and outcomes based on cancer
subtypes, there is growing impetus to parse out modality-based cancer yield both in number
and in the type of cancers detected. The advantage of contrast-enhanced MR imaging as a
functional imaging modality optimized to capture biologically more aggressive tumors that
may be mammographically occult is the basis of a growing interest in expanding the role of
MR imaging in breast cancer screening. Furthermore, there is growing evidence that MR
imaging also outperforms mammography and sonography in moderate-risk women in cancer
yield, prompting more recent broadening of MR imaging screening indications in certain
guidelines.® However, patient access to MR imaging remains limited, and the cost and time
currently associated with the examination can be prohibitive. Efforts to improve feasibility
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of wider implementation have focused on streamlining examination acquisition and
interpretation while preserving diagnostic accuracy. This article therefore (1) provides an
evidence-based overview of current MR imaging screening indications, (2) considers the
rationale for expanding its use in the population, and (3) discusses challenges and potential
solutions in improving its cost-effectiveness with abbreviated approaches, notably via
abbreviated and ultrafast MR imaging protocols.

CURRENT MAGNETIC RESONANCE IMAGING SCREENING INDICATIONS

High-Risk Screening

Women with an estimated lifetime risk (LTR) of greater than or equal to 20% to 25% for
developing breast cancer are defined as high risk as per the American Cancer Society (ACS)
guidelines.19 A woman’s LTR is usually estimated based on family history and risk
modeling algorithms. There is well-established evidence supporting MR imaging screening
in this group,1-13 for whom annual supplemental MR imaging in addition to mammography
is currently the standard of care in breast cancer screening.

Hereditary and Familial Risks

Although there are variations in what constitutes high risk across multidisciplinary
guidelines, BRCA germline mutation carriers and untested first-degree relatives are
universally acknowledged as harboring risks an order of magnitude greater than that of the
general population, and are thought to benefit the most from MR imaging
screening®10.14-20(see Table 2). Pooled data have shown that the average risk of developing
breast cancer by age 70 years is 65% for BRCAI mutation carriers and 45% for BRCAZ2
mutation carriers.2! Compared with women without mutations, BRCAI and BRCAZ carriers
have, on average, respectively 30-fold and 10-fold to 16-fold higher LTR of breast cancer.2!
In women with BRCA mutations who undergo screening, mammography has low sensitivity
because of high breast density and more rapidly growing tumors in younger women.8
Prospective trials have shown that annual supplemental MR imaging in conjunction with
mammography typically doubles the sensitivity of mammography alone and generally
achieves sensitivities greater than 90%.3411.13.22.23 Fyrther ultrasonography or clinical
breast examination are not additive24(Table 1). False-positive rates are increased with
addition of screening MR imaging to annual mammography, but these false-positives tend to
decrease in successive incident rounds of screening. In a multicentered prospective trial from
the Netherlands, the sensitivity advantage of MR imaging versus mammaography was
greatest at prevalent round (93% vs 20%; P = .003) but maintained in subsequent rounds
(77% vs 29%; P=.02); and the false-positive rate of MR imaging decreased in subsequent
rounds (from 14% to 8%).2° MR imaging—detected cancers also have a favorable stage
distribution in BRCA mutation carriers, primarily composed of sub—1-cm invasive cancers
and in situ cancers at incident rounds of screening with low rates of node positivity (12%—
26%), associated with improved 10-year survival.24 Importantly, timing the frequency of
screening has been a challenge in this population. Particularly in BRCA1 carriers less than
50 years of age, who are known to have the highest rate of interval cancers because of a high
prevalence of rapidly growing tumors, annual imaging may not be adequate.26-28 The main
strategy has been to shorten the screening interval to every 6 months using various
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examination combinations, such as staggering mammography and MR imaging, or using
biannual MR imaging with annual mammography, or by supplementing annual
mammography/MR imaging with biannual ultrasonography.2322 MR imaging screening is
generally deemed cost-effective for BRCA carriers assuming perfect attendance, particular
for BRCAI carriers, and adherence to the examination is high among carriers confirmed by
genetic testing (80%-90%).30:31

Annual breast MR imaging is also recommended in less common mutations associated with
high risk of breast cancer, such as TP53 (Li-Fraumeni syndrome; 95% by age 90 years) and
PTEN (Bannayan-Riley-Ruvalcaba syndrome, Cowden syndrome; 85% by age 80 years),
and is increasingly considered in additional mutations associated with moderate to high risk
of breast cancer, including CDH1, STK11, PALB2, CHEK2, ATM, BARD1, and NF1, with
individual decisions often guided by family history because of a further increased risk.32-36
However, most women with a family history of breast cancer do not have an identified
genetic mutation, and 15% of all breast cancers occur in this group.37:38 Family history in
these women therefore serves as the primary basis for calculating LTR via modeling
algorithms, and is a direct indication for supplemental MR imaging screening if calculated
risk exceeds 20%.10 In this group, MR imaging has been found to increase detection of
early-stage cancer compared with mammography (14 per 1000 vs 5 per 1000 cancers;
P<.0003).12 Notably, in contrast with BRCA carriers, women at high risk without BRCA
mutations have been found to have significantly lower adherence to supplemental screening
MR imaging.3940 There is also evidence that, although supplemental MR imaging is
underused in high-risk women, many who undergo breast MR imaging may not be
appropriately high risk.#1:42 For example, for those with family history who undergo
multigene panel testing in recent years, unclassified genetic variations of uncertain
significance (VUS) are increasingly encountered. Although work is being done to better
classify these genetic variants to provide clinically actionable information, detection of any
unknown variant (including BRCA1/2VUS) is currently not an indication for intensified
breast cancer screening.*3

Prior Chest Radiation

Women with prior childhood chest radiation are another group at high risk for developing
breast cancer later in life, for whom annual screening MR imaging is consistently
recommended (Table 2). By age 50 years of age, 1 in 3 women with prior chest radiation
(risk greatest if subjected to =20 Gy) are diagnosed with breast cancer, a risk on par with
that of BRCA1 mutation carriers.*44> Multiple studies have shown increased sensitivity of
both mammography and MR imaging in this group (94%-100%), with supplemental MR
imaging yielding additional cancers.#6-48 Therefore, annual screening mammography and
breast MR imaging are recommended, starting at age 25 years or 8 years following chest
radiation, whichever occurs last.19 However, breast cancer screening adherence among
childhood cancer survivors is poor. Notably, mammography screening adherence in women
who have received chest radiation is lower than among their average-risk peers in the general
population. Nearly half of survivors younger than 40 years of age have never obtained a
mammogram, and only 52% of women aged 40 to 50 years undergo regular mammography
screening.#9-51 Adherence for MR imaging screening is markedly worse, and efforts to
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improve adherence have had marginal effects. In a recent randomized controlled study,
although educational interventions increased the rate of uptake of mammaography screening
(from 18% to 33%), MR imaging uptake was not significantly changed (from 13% to 16%),
and overall screening adherence in this population remains poor. Primary barriers identified
by women survivors to completing screening included lack of physician recommendation,
deferred action by survivor, absence of symptoms, and cost, which is a concern specific to
MR imaging.5!

EVOLVING MAGNETIC RESONANCE IMAGING SCREENING INDICATIONS

Moderate-Risk Screening

Despite a lack of consensus among different guidelines, there is increasing evidence
supporting expanding the indications of MR imaging screening to include women at
intermediate risk for breast cancer, as defined by an estimated LTR of 15% to 20% as per the
ACS.10 In particular, several subgroups of women with higher-than-average risk for breast
cancer are considered, including those with a personal history of breast cancer, dense breast
tissue, or a history of atypical epithelial hyperplasia (atypical ductal hyperplasia [ADH],
atypical lobular hyperplasia [ALH], and lobular carcinoma in situ [LCIS]). Although the
2007 ACS guidelines reported insufficient evidence to recommend for or against MR
imaging screening in these groups, the more recent 2018 American College of Radiology
(ACR) and 2020 National Comprehensive Cancer Network (NCCN) guidelines suggest
considering MR imaging in some or all of these women, particularly in conjunction with
other overlapping risk factors that may increase LTR to greater than 20% (see Table 2).

Breast Cancer Survivors

Women with a personal history of breast cancer are at considerable risk of developing a
second breast cancer, with cumulative risks estimated at 5.4% in 5 years and 19.3% in 10
years following initial diagnosis.>2>3 In women diagnosed with breast cancer before age 50
years, the LTR for a second breast cancer is greater than 20%.°* Additional independent
predictors of increased risk for a second breast cancer within 5 years also include aggressive
tumor biology in the first cancer, treatment without radiation, and heterogeneously dense
breasts on mammography.52 Therefore, the ACR Appropriateness Criteria currently
recommend annual screening MR imaging in conjunction with mammography for women
with breast cancer diagnosed before age 50 years, and for women with breast cancer history
and dense breasts.® Mammographic sensitivity is limited in the treated breast because of
postsurgical parenchymal distortion, scarring, and fat necrosis. Although there are currently
no prospective data, a growing body of retrospective studies have consistently shown
superior sensitivities using MR imaging compared with mammaography in women with a
personal history of breast cancer (80%-100% vs 0%-53%),5%:56 and supplemental MR
imaging in this group has been shown to perform as well as, if not better than, in those with
genetic and familial predispositions®’(Fig. 1). The 2018 ACR recommendations aim to
optimize early detection of second breast cancers and improve survival but have not been
universally adopted across multidisciplinary guidelines, pending data on mortality benefits,
which are currently unknown (see Table 2).
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Extremely Dense Tissue

Women with extremely dense breast tissue not only have poor sensitivity on mammography
(on the order of 61%-65%)°89 but also have inherently increased risk for breast cancer
(approximately double the average risk)? (Fig. 2). Clinical presentation of interval cancers
following a negative mammogram is 18 times more likely in women with extremely dense
breasts than in women with fatty breasts, a statistic that underscores the importance of
supplemental imaging in this group.%1 Although digital breast tomosynthesis (DBT) has
improved both sensitivity and specificity of cancer detection, it has had minimal benefit in
the extremely dense subgroup.62:63 Breast MR imaging has the highest sensitivity for cancer
detection and is not limited by breast density.5* However, ultrasonography is currently more
commonly used in supplemental screening because of wider availability and lower cost of
implementation, although its cost-effectiveness has been questioned given the small
additional cancer yield.%° In comparison, MR imaging significantly outperforms
ultrasonography in incremental cancer yield (3—4 per 1000 vs 15 per 1000) and has a lower
false-positive rate compared with ultrasonography,®8 suggesting MR imaging may be the
better supplemental screening method for women with dense breasts. Since 2019, a federal
law has been introduced in the United States that mandates the US Food and Drug
Administration to develop standardized breast density notification language, which is the
first step in paving the way for a more standardized supplemental imaging regimen in dense
women.57

The Dutch DENSE trial is the first and largest randomized controlled trial to date, evaluating
women with extremely dense breast tissue on mammaography (as per quantitative volumetric
assessment), who are randomized to undergo mammography screening with or without
supplemental MR imaging (n = 40,373) (age, 50-75 years). The prevalent round screening
results with 2-year follow-up showed that supplemental MR imaging screening not only
yielded an additional 16.5 per 1000 cancers but was also associated with a 50% reduction in
interval cancer rate, suggesting a potential mortality benefit.8 The ECOG-ACRIN 1141
trial, early results were similarly positive. In this prospective study comparing performance
of DBT versus abbreviated MR imaging (ABMR) among women with dense breasts
(heterogeneously and extremely dense) (n = 1444; age, 40-75 years), ABMR detected
significantly more invasive cancers than DBT (11.8 per 1000 vs 4.8 per 1000), with no
interval cancers observed during follow-up.%9 Results for incident rounds of screening are
currently pending for both studies, which will help further inform how MR imaging may
best be used in women with dense breast tissue.

Atypical Epithelial Hyperplasia

Atypical epithelial hyperplasia refers to a spectrum of proliferative epithelial lesions that are
nonobligate precursors to malignancy and are also biological indicators for future increased
risk for developing breast cancer. Women with atypical epithelial hyperplasia such as ADH,
ALH, and LCIS have a 3 to 10 times higher relative risk for breast cancer than the general
population.”%71 Although these women are currently classified in the intermediate-risk
category as per the 2007 ACS guidelines (stated as associated with 15%-20% LTR), more
recent data with long-term follow-up indicate this population has an LTR greater than 20%,
more consistent with high-risk classification, for which annual MR imaging would be
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recommended. In longitudinal studies including nearly 1000 women from the Mayo Benign
Breast Disease Cohort and the Nashville Breast Cohort, 20% to 30% developed breast
cancer on average 12 to 25 years following initial detection of atypical epithelial
hyperplasia.”2/3 Women with ADH, ALH, and LCIS are prone to developing higher-grade
invasive tumors, and those who undergo mammaography screening have a significantly
higher interval cancer rate compared with the general population (2.6 per 1000 vs 0.9 per
1000; P=.002).73:74 For these reasons, adjunct screening with MR imaging may add value
in this population, given its potential to decrease interval cancers as well as to increase
detection of more aggressive disease based on more robust data in other populations. The
ACR and NCCN currently both recommend consideration of supplemental MR imaging in
women with a history of atypical epithelial hyperplasia, particularly if other risk factors such
as family history coexist and if cumulative LTR exceeds 20% (see Table 2). However,
current evidence for supplemental MR imaging screening in this population is limited and
more data are needed.

Average-Risk Screening

Breast MR imaging screening is currently not recommended in average-risk women
(LTR<15% as per the ACS). Although mammography screening has been highly effective in
early cancer detection in average-risk women more than 40 years of age, interval cancers
persist at a rate of 13% to 38%.7>76 In contrast, more recent controversies regarding
mammaography have centered on detection of low-grade disease, which may contribute to
overdiagnosis. Functional advantage of MR imaging in preferentially detecting the more
aggressive spectrum of disease may be a potential answer to overcoming the shortcomings
of mammography. Therefore, MR imaging screening is now beginning to be considered in
the average-risk population.

A prospective study of supplemental MR imaging in average-risk women with negative
mammography and ultrasonography examinations (n = 2120) found an overall incremental
cancer detection rate (CDR) of 15.5 per 1000, which is highly comparable with incremental
cancer yield by MR imaging in high-risk women (CDR of 10-20 per 1000).277:78
Importantly, MR imaging—detected cancers in the study were small (median, 8 mm),
frequently high grade (46%), and largely node negative (93.4%), with no interval cancers
observed.2 This increased sensitivity for smaller node-negative invasive cancers at MR
imaging compared with mammography (average size at detection, 8 mm vs 1-2 cm) and the
decreased interval cancer rate suggest a potential to downstage disease and further improve
breast cancer—specific survival.*77:79 In the study by Kuhl and colleagues,? the zero interval
cancer rate in the context of a substantial decrease in incremental CDR from prevalent round
to incident round screening (22.6 per 1000 to 6.9 per 1000) supports a likely stage shift in
cancer detection using MR imaging. In addition, it is noteworthy that current risk-based
screening recommendations only rely on known risk factors, and that most women with
breast cancer have no known risk factors before diagnosis. For example, 89% of women
with breast cancer do not have a first-degree family history, and 90% to 95% of these women
have no known genetic mutations.8%81 It is thus likely that there are women with
underestimated risk. As previously discussed, supplemental MR imaging has been shown to
be of value, for example, in the subpopulation with dense breast tissue.
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MAGNETIC RESONANCE IMAGING SCREENING OUTCOMES

Multimodality Comparison

MR imaging screening has focused on women at high risk for breast cancer; therefore,
screening outcomes using MR imaging are primarily based on the high-risk population,
which in itself has a higher disease prevalence and lower mammographic sensitivity.
Compared with mammography and sonography, MR imaging has a significantly higher
sensitivity for all breast cancers. The average sensitivity of MR imaging is around 95%,
compared with 40% for mammography and 45% for ultrasonography based on prospective
trial data, with MR imaging yielding an additional 8 to 13 per 1000 cancers not otherwise
detected by mammography and/or sonography (see Table 1).3:4.11-13.22.23.66 Additional
cancer yield is greatest at prevalent round MR imaging screening and decreases at
subsequent incident rounds of screening, because of initial capture of cancers that had gone
undetected by routine mammography or sonography.412:13.22.66 MR imaging sensitivity
particularly outshines that of mammography for small node-negative invasive
cancers’-12.66.82(Fig, 3). For example, in a large randomized trial published in the Lancet in
2019 evaluating 4 rounds of screening in 1355 women, MR imaging not only detected more
cancers than mammography (40 vs 15 cancers; £=.0017) but also detected smaller and less
frequently node-positive cancers (median size, 9 mm vs 17 mm; P=.010) (11% vs 63%; P
=.014), resulting in a significant shift in tumor stage in the MR imaging group and
suggesting a potential for improved survival.12 Furthermore, a divergent trend of MR
imaging preferentially detecting invasive and higher-grade in situ disease as opposed to
mammography preferentially detecting in situ and lower-grade invasive disease has been
observed,” highlighting inherent differences between functional and anatomic depiction of
breast cancer. Although direct assessment of MR imaging—specific effect on long-term
breast cancer survival is not available, there are consistent data showing significant
improvement of at least near-term survival (10-year survival) in high-risk women who
undergo MR imaging screening compared with those who do not, because of early detection
of more aggressive disease.”2 In addition, supplemental MR imaging screening in addition
to mammaography over multiple rounds has also been observed to curtail interval cancer rates
by up to 50%, capturing tumors with worse prognostic features and poorer survival
outcomes, and is therefore expected to improve mortality.12:68.76

False-Positives

The specificity of breast MR imaging is moderate and typically less than that of
mammography in early studies (wide-ranging specificities, 56%—-98%72382); however, it has
improved over time as imaging technique and clinical experience have matured (higher
specificities, often >95% [95%-98%], reported in recent studies~4). In particular, there is a
consistent and significant improvement of specificity from the prevalent round to the
incident rounds of screening in prospective trials across multiple years (range, 82%—-85% vs
92%-96%), suggesting that limited specificity may be less problematic in the setting of
ongoing MR imaging screening.1322 The positive predictive value (PPV3) of MR imaging
biopsy currently ranges between 20% and 56%, which is comparable with that of
mammography (26%-71%), with MR imaging biopsy positivity overrepresented by invasive
rather than in situ malignancy (see Table 1).34.11-13.22.23,66 |y addition, a recent study from
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2018 evaluating false-positive findings at multimodality screening found that MR imaging
lesions that underwent biopsy were twice as likely to contain atypia than mammaographic or
tomographic lesions at biopsy, which potentially has implications in risk-based screening
regimens.83 Compared with supplemental MR imaging screening, which yields an additional
10 to 15 per 1000 cancers compared with mammography with a small loss in specificity,
supplemental ultrasonography yields only 3 to 4 per 1000 additional cancers with further
loss in specificity without improvement in sensitivity compared with MR imaging. For
example, in a prospective multimodality trial involving 2662 patients, the number of screens
needed to detect 1 cancer was 127 for mammography, 234 for supplemental
ultrasonography, and 68 for MR imaging following negative mammogram and
ultrasonography examinations.%6

False-Negatives

MR imaging does not detect all breast cancers. Particularly in the high-risk population, most
prospective studies show nonzero interval cancer rates despite annual supplemental MR
imaging screening using modern technology (magnets and dedicated breast coils of 1.5-3
T), because of a highly aggressive subset of breast cancers that are rapidly growing,
outpacing the frequency of screening!-13(see Table 1). In contrast, low-grade ductal
carcinoma in situ, which typically manifests as microcalcifications best seen on
mammography and may not enhance on MR imaging, contributes to most of a small
incremental MR imaging—occult cancer yield at mammography (0%-12.5%).12:13.22.23 The
relevance of these false-negative findings on MR imaging is unknown but questionable,
given unlikely mortality significance and current debate of overdiagnosis and overtreatment
with regard to in situ disease. Retrospective data suggest that concurrent mammography may
be of little value in younger high-risk women undergoing MR imaging screening (age<50
years), who may benefit from reduced radiation dose by forgoing mammography.84:85
Furthermore, the limited incremental yield of mammography compared with MR imaging is
also unlikely to improve despite technological advancement of DBT. For example, in a
recent review of 4418 screening MR imaging scans performed either following a negative
DBT or a negative digital mammography (DM) study, the incremental cancer detection rates
did not differ significantly between the 2 groups.88 In contrast, although ultrasonography
provides a higher number of incremental cancers detected in addition to DM (about 3-4 per
1000), it provides little to no incremental yield when MR imaging is performed and may
reduce overall specificity by up to 5% to 6%.13:22.66 Thys, in women who undergo annual
MR imaging screening, concurrent mammography primarily provides added sensitivity for
in situ disease, and additional ultrasonography has limited value. However, at this time,
mammography is recommended by most guidelines as the primary screening test, because it
remains the only test with proven long-term mortality benefit.

BARRIERS TO MAGNETIC RESONANCE IMAGING IN SCREENING

Despite the many potential benefits of MR imaging, there are barriers to wider use, primarily
caused by limited availability and cost-effectiveness. Dynamic contrast-enhanced (DCE)

MR imaging currently has to meet designated technical specifications (in-plane pixel <1
mm, slice thickness <3 mm), and standard protocols include T2-weighted and T1-weighted
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precontrast and 3 postcontrast sequences to generate an enhancement kinetic curve.
Therefore, typical examination acquisition requires, on average, 20 to 30 minutes per
examination. Both long scan time and limited access to MR imaging scanners currently limit
wider use of MR imaging. At the patient level, longer examination duration and the need for
intravenous contrast are also less tolerated. In addition, the current cost of the examination
may be prohibitive. Although MR imaging screening has been found to be cost-effective
among very high-risk women, such as BRCA mutation carriers, in terms of quality-adjusted
life-years gained, it may not be cost-effective in non-BRCA high-risk women in its current
form, and is less likely to be cost-effective in moderate-risk or average-risk women.87-89
However, there is evidence to suggest that MR imaging screening has the potential to
become more cost-effective than mammaography over time if routinely used, particularly if
the cost of the examination decreases.?0 Even as MR imaging screening indications continue
to evolve, overall adherence to MR imaging among currently eligible women is poor. In 1
study with long-term follow-up, the frequency of MR imaging screening among high-risk
women (cancer free with LTR =20%) was less than 40%; of the group, 25% at 4 years and
40% at 8 years did not report any form of screening.9! Therefore, to optimize MR imaging
adoption and enable wider use, a significantly streamlined and less costly examination is
mandatory. Current efforts therefore focus on shortening the MR imaging examination in
order to minimize both examination acquisition time and interpretation time while
maintaining high sensitivity. A shorter and better-tolerated examination will reduce the cost
by increasing capacity and throughput, thereby improving accessibility. Variations of
abbreviated MR imaging protocols have emerged in recent years and early clinical studies
have shown promising results, with abbreviated MR imaging usually achieving similar
diagnostic accuracy to the full diagnostic MR imaging protocol.92:93 Ultrafast imaging with
high temporal resolution is also being introduced into abbreviated protocols to further
enhance performance.9495 Details on early outcomes of abbreviated MR imaging are
covered in another article in this issue.

Although noncontrast techniques such as diffusion-weighted imaging are also being
investigated, such techniques currently have a low sensitivity, particularly for small lesions,
compared with contrast-enhanced MR imaging, thus intravenous contrast remains essential
at present. Beyond MR imaging, parallel efforts are also underway to investigate other
promising functional imaging modalities, such as contrast-enhanced spectral mammography,
which has sensitivity comparable with and specificity slightly higher than MR imaging with
likely lower costs and better accessibility.%2

SUMMARY

MR imaging has a clear modality-based advantage compared with mammography and
sonography in early breast cancer detection, and its role in screening is evolving. There is
strong evidence to support MR imaging screening in high-risk women, and growing interest
and varying levels of evidence for MR imaging screening in moderate-risk women. Among
those screened with MR imaging, mammography offers a small incremental cancer yield,
and ultrasonography is not additive. Although MR imaging screening in the average-risk
population has the potential to improve detection of more relevant disease and minimize
overdiagnosis, MR imaging in its current form would not be cost-effective. Abbreviated
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techniques have streamlined MR imaging to improve the feasibility of wider use. However,
more robust data are needed to further consolidate and refine the role of MR imaging in
breast cancer screening.
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KEY POINTS

. Magnetic resonance (MR) imaging has a modality-based advantage compared
to mammography and sonography in early detection of invasive breast cancer,
which is being leveraged to optimize screening outcomes.

. Supplemental screening with MR imaging has been found to be of value in
high-risk women as well as in certain subgroups of higher-than-average-risk
women, but careful cost-benefit considerations are needed.

. Overall adherence to MR imaging among currently eligible women is poor
even as screening indications of MR imaging continue to evolve.
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CLINICS CARE POINTS

. In women who undergo annual MR imaging for screening, concurrent
mammaography primarily provides added sensitivity for in-situ disease, but
additional sonography has limited value.

. BRCAL mutation carriers less than 50 years of age who undergo screening
have the highest rate of interval cancers despite annual MR imaging and may
benefit from increased frequency of screening.

. Unclassified genetic VUS, including BRCA1/2 VUS, without other risk
factors are not indications for supplemental screening with MR imaging.
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Fig. 1.

A973—year—old woman with dense breast tissue and a prior history of right breast cancer
treated with lumpectomy and radiotherapy 6 years prior, found to have a small recurrent
invasive ductal carcinoma in the medial posterior right breast on MR imaging, as shown here
on axial T1W postcontrast subtraction (A) and nonsubtraction (B) images (arrows). This
mass was mammographically occult on the same-day surveillance mammogram (C).
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Fig. 2.
A 31-year-old woman with BRCAI mutation and extremely dense breast tissue with

segmental distribution of clumped non—mass enhancement identified on MR imaging
screening without mammographic correlate, as shown on sagittal postcontrast TIW
subtraction image (A) (arrows), with subsequent biopsy yielding intermediate-grade to high-
grade ductal carcinoma in situ. This finding was mammographically occult and the disease
blends in with dense fibroglandular tissue, as shown on the corresponding sagittal
postcontrast TIW image (B).
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Fig. 3.
A 61-year-old woman with BRCAZ mutation and heterogeneously dense breast tissue with

an MR imaging—detected small HER2+ invasive breast cancer in the right breast, as shown
in axial (A) and sagittal (B) projections of postcontrast T1-weighted (T1W) subtraction
images (arrows). This small invasive ductal carcinoma was identified on supplemental
screening MR imaging following negative screening mammogram (C) and ultrasonography
5 months prior, and did not have axillary nodal spread at the time of diagnosis.
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