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Abstract

Purpose of review To review the current evidence for the use of magnetic resonance imaging (MRI) as a supplemental breast
cancer screening method for women with dense breast tissue and otherwise at average risk, and to answer whether the current
evidence supports supplemental screening with breast MRI in this patient population.

Recent findings The DENSE trial showed a statistically significant decrease in interval cancers with breast MRI screen-
ing vs. mammography alone and the EA1141 trial showed a statistically significant increase in cancer detection rate with
abbreviated breast MRI compared to digital breast tomosynthesis (DBT). These trials provide evidence to support MRI as
a supplemental breast cancer screening method in this population.

Summary MRI screening has a high detection rate for breast cancer in women with dense breasts with otherwise average risk
and is recommended to be considered a supplemental screening method by multiple organizations in the USA and Europe.
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Introduction

Increased breast density is a common concern for women
undergoing breast cancer screening as it is associated with
higher rates of breast cancer than those with average density
breasts [1-3]. While mammography remains the gold stand-
ard for breast cancer screening, the sensitivity is more limited
in women with dense breasts. Supplemental breast magnetic
resonance imaging (MRI) screening has shown strong per-
formance among high-risk women and is recommended as an
adjunct to screening mammography for this group of women
[4-7]. This review seeks to examine the evidence and review
guidelines for MRI screening in women with dense breasts
but otherwise at average risk for breast cancer.

Breast Density

Breast density describes the relative proportion of fat and
fibroglandular tissue contributing to the overall composi-
tion and imaging appearance of a patient’s breast tissue [8].
The Breast Imaging and Reporting Data System (BI-RADS)
Fifth Edition lexicon defines four mammographic catego-
ries to standardize clinical reporting of breast composi-
tion: (a) The breasts are almost entirely fatty, (b) there are
scattered areas of fibroglandular density, (c) the breasts are
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heterogeneously dense, which may obscure small masses,
and (d) the breasts are extremely dense, which lowers the
sensitivity of mammography [9]. Patients who fall into the
latter two categories, ¢ and d, are considered to have dense
breasts (Fig. 1) [10e].

Dense breasts pose a challenge in breast cancer screening as
dense breast tissue can mask cancer on screening mammography,
but increased breast density is also an independent risk factor for
breast cancer [1]. The distribution of density categories a, b, c,
and d within a general screening population has been estimated
to be 10%, 40%, 40%, and 10%, respectively, with data from the
Breast Cancer Surveillance Consortium finding the distribution
in a general screening population of 922,624 women to be 9.0%,
44.2%, 38.2%, and 8.6%, further supporting these estimates [3,
11]. Thus, nearly half of women aged 40- to 74-years-old are
estimated to have dense breasts [10e]. Women with “extremely
dense” (category d) breasts have been shown to have a four to six
times greater risk for breast cancer than women with fatty breasts
(category a) [2]. Metanalysis examining breast density as an inde-
pendent risk factor for breast cancer has shown that there seems
to be an increased relative risk associated with breast density, 1.2
in women with heterogeneously dense breasts and 2.1 for breasts
that were extremely dense as compared to women with average
breast density [3]. Mammography is widely available and remains
the mainstay of breast cancer screening, but there is an ongoing
investigation into whether or not mammography alone for women
with dense breasts is adequate for the detection of breast cancer as
well as investigation into supplemental screening methods [12].

Furthering interest in the topic of breast cancer screen-
ing for women with dense breasts was the implementation

of breast density notification laws. Beginning in 2009, indi-
vidual states in the USA began implementing breast density
notification laws, but there had not been a federally imple-
mented requirement to notify patients of their breast density
beyond inclusion in the mammogram report. In March 2023,
the Food and Drug Administration issued a final rule amend-
ing regulations under the Mammography Quality Standards
Act that establishes national reporting requirements that
will go in effect September 10, 2024. The rule will require
patients to be notified as to whether they have “dense” or
“not dense” breast tissue along with one of two breast den-
sity notification statements. For those with dense breasts, the
notification statement reads “Dense tissue makes it harder to
find breast cancer on a mammogram and also raises the risk
of developing breast cancer. Your breast tissue is dense. In
some people with dense tissue, other imaging tests in addi-
tion to a mammogram may help find cancers” [13, 14]. Breast
density notification laws have not been implemented outside
of the USA [15]. Due to the increasing evidence regarding
the limitations of mammography in the screening of breast
cancer in women with dense breasts and the increasing pub-
lic awareness of the implications of this limitation on breast
cancer detection, interest in developing robust supplemental
screening methods beyond mammography has grown.
Mammography has been demonstrated to result in a sig-
nificant reduction in breast cancer mortality of approximately
40% and remains the most effective screening method widely
available [16, 17]. With the transition from screen-film mam-
mography to full field digital mammography, the Breast
Cancer Surveillance Consortium updated its performance

Fig.1 Examples of each category of breast density defined by the
American College of Radiology Breast Imaging and Data Report-
ing System (BI-RADS) Fifth Edition: The breasts are almost entirely
fatty (A); there are scattered areas of fibroglandular density (B); the
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benchmarks for breast cancer screening with digital mam-
mography including cancer detection rate, sensitivity, speci-
ficity, and false negative rate. After analysis of over 1.6 mil-
lion screening mammographic examinations, they found the
cancer detection rate to be 5.1 per 1000 screenings, sensi-
tivity of 86.9%, specificity of 88.9%, and a false negative
rate of 0.8 per 1000 screenings. Seventeen other trials have
demonstrated decreasing sensitivity of mammography with
increasing breast density, ranging from 85.6 to 88.2% in
women with “almost entirely fatty” breasts to 62.2 to 68.1%
in women with “extremely dense” breasts [3, 18]. Sensitiv-
ity of mammography in the highest risk patients with dense
breasts has been reported to be as low as 19-37% [19-23].

Digital breast tomosynthesis (DBT) is an advanced
type of mammography that uses multiple low-dose images
obtained at different angles as the X-ray source moves over
the breast, reducing the effects of superimposition [24]. The
use of DBT for routine mammography continues to increase
and has been reimbursed in the USA for women of all breast
densities since 2015 [25]. While DBT has been shown to
increase cancer detection rates as compared to full field digi-
tal mammography and reduce false-positive recalls for addi-
tional imaging, it is a mammographic and not a functional
imaging technique, and limits to its performance remain,
especially in women with extremely dense breasts [24, 26].

Investigations into complimentary modalities to supple-
ment mammography for patients with dense breasts who are
not otherwise at elevated risk for breast cancer are underway
due to both the increased risk for breast cancer development
and the decreased sensitivity of mammography. Recent stud-
ies support the use of breast MRI as a supplemental screen-
ing tool in the setting of increased breast density alone, with
a high cancer detection rate and high positive predictive
value for biopsy similar to mammography [27, 28]. Discus-
sion of breast MRI as a supplemental screening method for
women with dense breasts but otherwise at average risk for
breast cancer will be the focus of this review.

Breast MRI Technique

Dynamic contrast-enhanced (DCE) breast MRI is performed
with multiple imaging sequences both before and after admin-
istration of a gadolinium-based contrast agent (“contrast”).
Although there is strong interest and ongoing research in devel-
oping a non-contrast breast MRI examination for screening,
currently, evaluation for cancer using MRI requires intravenous
contrast. Patients are positioned prone with the breasts hang-
ing dependently within a dedicated breast coil and stabilized,
but not compressed. Images are obtained on an MRI scanner
with a field strength of at least 1.5 Tesla [29]. The most impor-
tant portion of the breast MRI exam for lesion detection is the
DCE sequences, including the pre- and multiple post-contrast
T1-weighted images. T2-weighted and T1-weighted imaging

without fat suppression (often obtained if the pre- and post-
contrast images are obtained with fat suppression) + diffusion-
weighted imaging assist with lesion evaluation [29]. After the
exam is completed, subtraction images of the peak post-contrast
minus the pre-contrast T1 images, 3D maximum intensity pro-
jection (MIP) of the peak subtraction, and multiplanar refor-
mats are often performed to assist with interpretation. Images
are commonly obtained in the axial plane to assist with compar-
ison between the two breasts. Examination time is typically less
than 30 min on modern scanners. Although body mass index
(BMI) can be limiting as the patient needs to fit in the bore of
the MRI scanner while positioned prone on the breast coil, the
use of wide-bore (70 cm) scanners has significantly reduced this
limitation, and it is rare in our practice for a patient to be unable
to obtain breast MRI due to weight or body habitus limitations.

Although breast MRI is the most powerful tool for the
detection of breast cancer, standard full protocols can be
expensive, time intensive, and more complicated to inter-
pret. Abbreviated breast MRI to mitigate these limitations
was initially proposed by Dr. Kuhl and colleagues in 2014
[30]. They limited interpretation to the pre- and early post-
contrast T1-weighted series (total 3 min of scan time) and
subtraction/MIP reconstructions and found equivalent per-
formance compared with a traditional full MRI protocol as
described above. Since that time, several studies evaluating
full protocol breast MRI and abbreviated breast MRI for
screening have shown them to have a similar sensitivity and
cancer detection rate [27, 31, 32]. There is no single defini-
tion of an abbreviated MRI exam, but many include a 3-plane
localizer, T2-weighted series, pre- and single post-contrast
T1-weighted series and are performed in 10 min or less [28].
This is consistent with the design of the Eastern Cancer
Oncology Group (ECOG)-American College of Radiology
Imaging Network (ACRIN) 1141 trial described in further
detail below [33e]. The shortened scan time allows for higher
patient throughput, improved patient comfort, reduced inter-
pretation time, and reduced cost, potentially extending the
benefits of screening breast MRI to broader patient popula-
tions, including those with dense breasts [28, 31].

High-quality breast MRI performance requires expert
readers, high-quality MRI scanners, dedicated breast coils,
routine evaluation of performance, and thoughtful, high-res-
olution protocol creation. High-quality imaging and breast
MRI performance are supported by the American College
of Radiology Breast MRI accreditation program and other
accreditation programs such as the National Accreditation
Program for Breast Centers (NAPBC) [34, 35].

Breast MRI Diagnostic Performance
MRI is widely accepted as the most sensitive imaging

modality for the detection of breast cancer [29, 31]. Multiple
trials have demonstrated a high incremental cancer detection
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rate, i.e., additional cancers detected beyond mammography,
when MRI is used for screening patients at elevated risk
for breast cancer. Breast MRI is recommended as a supple-
mental screening method in patients with a lifetime risk for
breast cancer > 20%, including those with a known genetic
mutation increasing the likelihood of developing breast
cancer, a strong family history of breast cancer, and a his-
tory of radiation therapy to the chest, as supported by the
American College of Radiology (ACR), Society of Breast
Imaging (SBI), American Cancer Society (ACS), American
Society of Breast Surgeons (ASBrS), and National Compre-
hensive Cancer Network (NCCN) [4, 5, 16, 36, 37]. These
recommendations are independent of breast density, i.e., all
patients that meet the guidelines are recommended to have
annual breast MRI regardless of their breast density.

However, mounting evidence shows that supplemental
screening with breast MRI, including abbreviated breast
MRYI, increases cancer detection rates and lowers the interval
cancer rates vs. screening mammography alone in women
with dense breasts [33e, 38e, 39¢]

DENSE Trial

The Dense Tissue and Early Breast Neoplasm Screening
(DENSE) trial is a randomized, controlled multicenter trial
designed to study the effect of supplemental screening with
MRI on the incidence of interval cancers in women with
extremely dense breasts [38e]. Patients were eligible to
enroll if they were taking part in the Dutch population-based
mammography screening program (ages 50-75), had normal
results on mammography, and were found to have extremely
dense breast tissue. The Dutch population—based mammog-
raphy screening program includes biennial screening mam-
mography. Breast density was determined as measured by
Volpara imaging software (Volpara Health Technologies)
density grade “d” [38e].

A total of 40,373 women were randomly assigned in a
1:4 ratio to either a group invited to undergo supplemen-
tal MRI screening (8061 women) or a group assigned to
screening with mammography only (32,312 women). MRI
exams in the DENSE trial were full protocol (not abbrevi-
ated) studies. Median age of participants was 54 years at
the time of recruitment. Of those invited for supplemental
MRI screening, only 4783 (59.3%) women underwent the
supplemental MRI screening in this intention-to-treat anal-
ysis. Supplemental MRI screening took place biennially
after the regular screening mammogram. The intervention
is planned for a total of 6 years consisting of 3 screen-
ing rounds. To date, the results of the first two screening
rounds have been reported [38e].

The primary outcome of the initial prevalence round of
screening was to assess the difference in the incidence of
interval cancer rates between the group invited to undergo
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supplemental MRI screening and the group undergoing
screening with mammography only. Secondary outcomes
of the prevalence round of screening included recall rate,
cancer detection rate, false-positive rate, positive predic-
tive value, and differences in tumor characteristics for can-
cers identified in either group. Primary outcomes of the
incidence round of screening included recall rate, cancer
detection rate, false-positive rate, positive predictive value,
and differences in tumor characteristics [38e].

Analysis of the interval cancer rate following the preva-
lence round of screening showed a statistically significant
decrease in the interval cancer rate by 2.5 per 1000 screen-
ings (2.5 per 1000 vs. 5.0 per 1000; p <0.001) within the
MRI invitation group compared to the mammography
only group. Of the 20 patients with cancer identified in
the MRI invitation group, only 4 actually underwent breast
MRI. Overall, the cancer detection rate (CDR) for MRI
performed was 16.5 per 1000 screenings with a positive
predictive value (PPV) for recall of 17.4% and PPV for
biopsy performed of 26.3% PPV (79 cancers among 300
women undergoing biopsy). The recall rate was 94.9 per
1000 screenings. The false-positive rate for MRI was found
to be 79.8 per 1000 screenings (92% specificity) with a sen-
sitivity of 95.2%. In the MRI screening group, the CDR at
the next mammography screening was 2.0 per 1000, com-
pared with 7.1 per 1000 among the MRI non-participants
and 6.0 per 1000 in the mammography-only group. The
detected cancers on MRI were smaller, with a higher inci-
dence of early stage and node-negative cancers [39e].

Following the incidence round, the cancer detection
rate for MRI was found to be 5.8 per 1000 screenings and
the recall rate to be 32.0 per 1000 screenings. The false-
positive rate for MRI declined to 26.3 per 1000 screenings
(97% specificity). The detected cancers in the incidence
round were all early stage (Stage 0—1) and were node nega-
tive. The decrease in the cancer detection rate between the
prevalence and incidence rounds is expected as there would
be a greater number of cancers not detected on mammogra-
phy alone in the prevalence round that are no longer present
on subsequent incident rounds of screening. The decrease
in the false-positive rate for MRI is also expected due to
the availability of a comparison MRI examination [38e].

EA1141 ECOG-ACRIN Trial

The EA1141 trial, “Comparison of Abbreviated Breast MRI
and Digital Breast Tomosynthesis in Breast Cancer Screen-
ing in Women with Dense Breasts,” was a multicenter, cross
sectional study with longitudinal follow-up which compared
the diagnostic performance of abbreviated breast MRI and
digital breast tomosynthesis (DBT) for screening average-
risk women with dense breasts (BI-RADS categories ¢ and
d). Patients were eligible to enroll if they were aged 40 to
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75 years, clinically asymptomatic, and had dense breasts
as described on a previous mammogram. Women with a
screening breast US in the past 12 months, those who
ever had a breast MRI, molecular breast imaging study, or
contrast enhanced mammogram or those who qualify for
full breast MRI based on their elevated-risk status were
excluded. A total of 1444 women underwent both DBT and
abbreviated MRI examinations [33e].

Patients underwent both DBT and abbreviated MRI
screening at baseline and then again at 1 year. Both DBT
and abbreviated MRI examinations were performed within a
24-h period with each study being interpreted independently
of one another with the interpreting radiologist blinded to
the results of the other modality. Abbreviated MRI acquisi-
tion time was less than 10 min [33e].

The primary outcome of the study was the rate of detec-
tion of invasive cancer by each modality. Secondary out-
comes of the study included sensitivity, specificity, rate of
additional imaging recommendation(s), and positive predic-
tive value of biopsy as confirmed by pathology. The invasive
cancer detection rate for abbreviated MRI was 11.8 per 1000
screenings as compared to 4.8 per 1000 screenings for DBT
(P=0.002). Abbreviated MRI detected 22 of 23 total cancers
and all invasive cancers (CDR 15.2 per 1000). DBT detected
9 of 23 total cancers (CDR 6.2 per 1000; P=0.001). The
sensitivity for detecting invasive cancer and DCIS was
95.7% for abbreviated MRI as compared to 39.1% for DBT
(P=0.001). The specificity of abbreviated MRI was 86.7%
compared to 97.4% for DBT (P <0.001). Additional imag-
ing recommendation rate was 7.5% with abbreviated MRI
vs. 10.1% for DBT (P=0.02), and the PPV for biopsy per-
formed was 19.6% vs. 31% which was not statistically sig-
nificant (P=0.15). Differences in recommending additional
imaging were not statistically significant between the two
modalities. There were no interval cancers during follow-up
and no invasive cancer was identified by DBT alone [33e].

Financial Considerations and Cost-Effectiveness
of MRI Screening in Dense Breasts

Studies have demonstrated that breast MRI has a signifi-
cantly higher cancer detection rate than mammography
alone, and if cancers are detected at an earlier stage, they
may require less extensive and expensive treatment. Con-
versely, the false-positive rate and cost when adding MRI
are also higher, raising concerns for increased utilization
of resources and cost inefficiency. Studies evaluating the
cost-effectiveness of breast MRI in screening patients with
high-risk genetic predispositions for breast cancer have dem-
onstrated that breast MRI screening in these populations
is indeed cost-effective [40-42]. More recently, Geuzinge
et al. modeled the cost-effectiveness of various screening
strategies utilizing breast MRI screening for women with

extremely dense breasts utilizing data from the DENSE trial
[43]. After comparing several screening strategies including
mammography and breast MRI at various intervals, they
found that the only cost-effective strategy for screening
women with dense breasts was to perform breast MRI every
4 years [43]. Limitations of this study on cost-effectiveness
include a question of generalizability as the data used from
the DENSE trial only includes Dutch women within the
Dutch healthcare system and a 2-year screening interval.
Cost-effective screening strategies may vary by country and
healthcare system. Additionally, the DENSE trial was a full-
protocol breast MRI, not an abbreviated breast MRI which
is less expensive and will have a different cost-effectiveness
analysis [44e].

Screening breast MRI in patients at high risk for breast
cancer is recommended yearly; however, at this time, it is
unclear the ideal interval for supplemental screening breast
MRI in patients with dense breasts and otherwise average
risk and whether it could be extended from 1 to 2 years or
longer given the low-interval cancer rates with MRI screen-
ing in this population [28, 38$250 to $500, potentially cre-
ating disparate access to the technology [28]. Cost-analysis
simulations of breast MRI screening have shown that assum-
ing reduced cost of abbreviated breast MRI compared to
full-protocol breast MRI may make triennial screening with
abbreviated breast MRI more cost-effective than mammog-
raphy after only 6 years [6].

Current Breast Cancer Screening Guidelines
for Women with Dense Breasts

Screening guidelines from various organizations are pro-
vided for women of average risk and women of high risk of
developing breast cancer. Specific screening recommenda-
tions for women with dense breasts, however, are less well-
defined. Current recommendations and guidelines offered by
various organizations in the USA are provided in Table 1.
Recently, the ACR/SBI updated their supplemental screen-
ing recommendations for women of intermediate and high
risk, including those with dense breasts. This update now
includes the recommendation for annual digital mammog-
raphy with or without DBT and annual MRI for women
with dense breasts [4]. Additionally, the European Society
of Breast Imaging now recommends supplemental breast
cancer screening with MRI every 2-3 years for women with
extremely dense breasts [45]. Multiple organizations have
a less strong recommendation to consider of breast MRI
as a supplement for breast density, including the American
Society of Breast Surgeons and the National Comprehen-
sive Cancer Network [5, 37]. The American Cancer Society,
American College of Obstetricians and Gynecologists, and
the US Preventative Services Task Force all find insufficient
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Table 1 Recommendations for screening for breast cancer: patients not at high risk with and without dense breasts

Organization Age to initiate screening mam- Interval

mography

Dense breast (categories ¢ and
d) supplemental screening
recommendation

Age to stop screening

ACRYSBI’[4, 16,51] 40 Annual

ACS*[46, 47] Offer starting at 40; recom-
mend by 45

biennial

ACOG! [48, 49] Offer starting at 40; recom-

mend by 50
USPSTF Draft 40 Biennial
Recommendation
Statement® [50]
ASBrSf[37] 40 Annual
NCCNE 5] 40 Annual

45-54 annual,
55+ annual or

Annual or biennial

No limit; tailor to individual Annual breast MRI
based on life expectancy,

comorbidities, and intention

to seek treatment if cancer is

detected

Until life expectancy < 10 Insufficient evidence

years

75; 75 + shared decision-
making

Not recommended; more
research needed

Insufficient evidence; no rec-
ommendation for or against
supplemental screening

74; insufficient evidence age
75 and older

Until life expectancy < 10 Consider supplemental screen-
years ing
Not specified Consider supplemental screen-

ing

#American College of Radiology

bSociety of Breast Imaging

¢ American Cancer Society

4 American College of Obstetricians and Gynecologists
®US Preventative Services Task Force

The American Society of Breast Surgeons

£National Comprehensive Cancer Network

evidence to recommend for or against supplemental MRI
screening for breast density [46-50].

Clinical Considerations and Shared Decision-Making

Breast MRI is a powerful tool for the detection of breast
cancer, but the potential advantages in early detection of
breast cancer, improved outcomes, less treatment, and
less breast cancer—related morbidity and mortality must
be considered along with the disadvantages of higher cost,
limited access, and false-positive results. It is important
for providers to engage in shared decision-making with
patients regarding the advantages and disadvantages of
supplemental screening with MRI, their risk profile, and
their preferences and values. Contrast-enhanced breast
MRI screening may be limited in patients with claustro-
phobia, elevated body mass index, impaired renal function,
allergy to contrast, or with implantable medical devices or
metallic foreign bodies that are incompatible with MRI.
MRI can be time intensive and expensive and overall less
accessible; however, abbreviated MRI protocols are short-
ening the length of the exam, decreasing cost and improv-
ing accessibility [27]. Additionally, concerns have been
raised over the implications of repeated administrations of
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gadolinium-based contrast agents as studies have shown
gadolinium deposits in the brain; however, to date, there is
no evidence to show that gadolinium deposition is harmful
and the International Society of Magnetic Resonance in
Medicine ISMRM) Safety Committee recommends gado-
linium-based contrast agents not be withheld from patients
who have a clinical indication for contrast-enhanced MRI
[52]. Investigation into the use of diffusion-weighted MR
techniques is underway, which may allow for future MRI
screening without the administration of gadolinium-based
contrast agents; however, these techniques have not yet
been implemented clinically [53-55].

Conclusion

Increased breast density lowers the sensitivity of screening
mammography and independently increases the risk for
developing breast cancer. Contrast-enhanced breast MRI
increases the cancer detection rate beyond mammogra-
phy and decreases interval cancers found in these women.
There are also drawbacks to screening MRI in higher cost,
false-positives, and the use of contrast that should be con-
sidered with patients during a shared decision-making



Current Breast Cancer Reports (2024) 16:53-60

59

discussion. Future work further delineating the costs and
benefits of abbreviated MRI and diffusion-weighted MRI
are needed in addition to studies on the optimal timing
and interval of its use. Our recommendation regarding
supplemental screening with breast MRI for women with
dense breasts aligns with the ACR/SBI recommendation
for MRI screening in this population in conjunction with
age-appropriate annual mammographic screening.
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