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OBJECTIVE—To evaluate non-inferiority and diagnostic performance of an American College
of Radiology compliant abbreviated MRI protocol (AB-MRI) compared with standard-of-care
breast MRI (SOC-BMRI) in patients with increased breast cancer risk.

MATERIAL AND METHODS—Women with increased lifetime breast cancer risk by American
Cancer Society guidelines underwent breast MRI at a single institution between October 2015 and
February 2018. AB-MRI was acquired at 3.0T with T2-weighted extended fast spin echo triple-
echo Dixon and pre- and post-contrast 3D dual-echo fast spoiled gradient echo two-point Dixon
sequences with an 8-channel breast coil 1-7 days after SOC-BMRI. Three readers independently
reviewed AB-MRI and assigned BI-RADS categories for maximum intensity projection images
(AB1), dynamic contrast-enhanced (DCE) images (AB2), and DCE and non-contrast T2 and fat-
only images (AB3). These scores were compared to those from SOC-BMRI.

RESULTS—Cancer yield was 14 per 1000 (women-years) in 73 women aged 26-75 years (mean
53.5 years). AB-MRI acquisition times (mean 9.63 minutes) and table times (mean 15.07 minutes)
were significantly shorter than those of SOC-BMRI (means 19.46 and 36.3 minutes, respectively)
(p<0.001). Accuracy, sensitivity, specificity, and positive and negative predictive values were
identical for AB3 and SOC-BMRI (93%, 100%, 93%, 16.7%, and 100%, respectively). AB-MRI
with AB1 and AB2 had significantly lower specificity (AB1=73.6%, AB2=77.8%), positive
predictive values (AB1=5%, AB2=5.9%), and accuracy (AB1=74%, AB2=78%) than those of
SOC-BMRI (p=0.002 for AB1, p=0.01 for AB2).

CONCLUSION—AB-MRI was acquired significantly faster than SOC-BMRI and its diagnostic
performance was non-inferior. Inclusion of T2 and fat-only images was necessary to achieve non-
inferiority by multireader evaluation.

Keywords
breast MRI; abbreviated protocol; Dixon; fast spin echo triple echo Dixon

1. Introduction

Breast magnetic resonance imaging (BMRI) is known as the most sensitive imaging test for
breast cancer detection [1, 2]. American Cancer Society guidelines recommend yearly
BMRI for women with a 20% or higher lifetime risk of breast cancer [3]. The American
College of Radiology (ACR) further recommends including BMRI as a screening measure
for women in whom breast cancer is diagnosed before age 50 and those with dense breast
tissue, irrespective of age at diagnosis [4]. However, many factors such as cost-effectiveness
and patient tolerance impede the acceptance of BMRI screening, and it is estimated that only
~2% of the eligible high-risk women actually undergo BMRI screening [5-7].

Most conventional BMRI protocols comprise at least a localizer and pre-contrast T1-
weighted, T2-weighted, and dynamic fat-saturated pre/post-contrast T1-weighted sequences
with subtraction images and kinetic enhancement curves [8]. Additional sequences such as
diffusion-weighted sequences at different b-values may also be included. Such a protocol
may require 30-60 minutes of scanner and technologist time. At most institutions, the BMRI
scan protocol does not differ between screening and diagnostic examinations (e.g., those
used in pre-operative staging). As a result, screening BMRI using a conventional protocol
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has the advantage of providing a complete diagnostic evaluation, allowing not only detection
of the lesion but also its characterization and determination of appropriate management.

Abbreviating a BMRI protocol potentially helps decrease the costs and improve the patient
tolerance associated with BMRI screening. Some investigators have proposed that a
simplified and shortened BMRI protocol with a minimum number of the contrast-enhanced
sequence to detect suspect enhancing lesions, referred to as abbreviated BMRI (AB-MRI),
might be sufficient for screening [9-14]. Potential benefits of AB-MRI include greater
patient throughput, earlier cancer identification than mammography, replacement of
mammography as a primary screening method [15], and decreased screening frequency.
However, the proposed AB-MRI protocols vary in the number of sequences performed, use
of non-contrast series, and use of a dynamic versus contrast-enhanced scan. The potential
implications of variations in AB-MRI protocols are unclear. For example, eliminating
dynamic or multiphase contrast acquisition decreases scan time but also precludes the time-
intensity curve, which is a useful diagnostic feature for the assessment of breast masses [16].
Also, reduced scan times do not necessarily translate to proportionally reduced table times,
since a substantial portion of a BMRI study may be taken up by patient setup, manual
prescan, and sequence repeat due to field shimming and fat suppression difficulties. Further,
some investigators have suggested that abnormal AB-MRI findings would prompt a
secondary diagnostic MRI to assure diagnostic and staging accuracy[14], doubling the work
and the contrast exposure.

Further, ACR accreditation is recognized as the gold standard in medical imaging, and is
commonly pursued in facilities seeking to acquire diagnostic imaging center of excellence in
the United States. It also helps facilitate meeting governmental and third party payer criteria
[17]. ACR accreditation manual advises that “a comprehensive breast MRI exam should
include pulse sequences that provide more than one type of image contrast”, and cites T2
weighted/bright fluid series and multiphase T1-weighted series comprising pre, early and
late contrast series with fat saturation or subtraction among the major categories of
sequences to be assessed [18]. However, it is unclear how obtaining dynamic sequence and
T2-weighted series contributes to the diagnostic performance of BMRI and whether it is
possible to achieve the “abbreviated” timing if some or part of image contrast critical for
diagnoses are eliminated. In a recent pilot study comparing complete standard-of-care BMRI
(SOC-BMRI) and AB-MRI protocols comprising high-resolution T2-weighted and full T1-
weighted dynamic sequences in a small group of women who underwent both studies, the
AB-MRI protocol had a mean acquisition time of less than 10 minutes and a mean table time
less than 14 minutes, both significantly shorter than the times for the SOC-BMRI [19].
Direct comparison of the imaging results in the same patients showed that the image quality
was better for this AB-MRI protocol than for SOC-BMRI. We hypothesized that our AB-
MRI technique is non-inferior in diagnostic performance (sensitivity, specificity, positive
predictive value [PPV], negative predictive value [NPV], and accuracy) to SOC-BMRI,
which requires much longer magnet and table times. In addition, we sought to evaluate a full
dynamic acquisition in comparison to a single, early timepoint acquisition as proposed by
some investigators [20] and to determine the value of the additional T2-weighted series as
required by the ACR for a complete diagnostic BMRI protocol.
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To test our hypothesis, we conducted a multi-reader study to assess and compare an AB-
MRI protocol with an SOC-BMRI protocol for screening in a single cohort of women with a
high lifetime breast cancer risk. Further, we evaluated each independent reader’s Breast
Imaging Reporting and Data System (BI-RADS) category assessment with and without the
dynamic series and T2-weighted series available from our AB-MRI protocol.

2. Material and Methods

2.1 Patient selection and study design

Institutional Review Board approval was obtained for this single-center study, which was
compliant with the U.S. Health Information Portability and Accountability Act.

The study participants were women aged 18 years and older who met the American Cancer
Society’s guidelines for high-risk breast cancer screening [3] and were scheduled to undergo
BMRI screening during the period from October 1, 2015, through February 8, 2018. All
patients gave informed written consent after the nature of the study had been fully explained.
Patients underwent dynamic contrast-enhanced (DCE) AB-MRI 1-7 business days after
SOC-BMRI with DCE. Study data were collected and managed using REDCap (Vanderbilt
University, Nashville, TN) electronic data capture tools that were installed at MD Anderson
Cancer Center [21].

2.2 AB-MRI and SOC-BMRI protocols

SOC-BMRI was performed using a Signa Excite HDx 3T system (GE Healthcare,
Waukesha, WI) with a bilateral 8-channel phased array breast coil, with the patient in the
prone position. The SOC-BMRI study included a localizer sequence, axial T1-weighted
sequence without fat saturation, axial T2-weighted sequence with fat saturation, one pre-
contrast and four post-contrast fat-saturated axial or sagittal T1-weighted gradient echo
images, a delayed axial or sagittal post-contrast T1-weighted sequence, and an axial
diffusion-weighted sequence. The details of the scan parameters are described in a previous
publication [19]. Post-contrast subtraction images and maximum intensity projection images
(MIPs) from the first subtraction series were generated during image post-processing.

AB-MRI was performed using a Discovery MR750 3T system (GE Healthcare) with a
bilateral 8-channel phased array breast coil, with the patient in the prone position. The study
was performed with a T2-weighted extended fast spin echo triple-echo Dixon sequence [22]
(imaging parameters: repetition time/echo time [TR/TE] ~ 4500/90; flip angle, 90; matrix
size, 384x320; field of view [FOV] ~ 30-36; slice thickness, 4 mm; gap, 0 mm) and 3D
dual-echo fast spoiled gradient echo two-point Dixon sequence [23] for volumetric T1-
weighted imaging before and after contrast injection (imaging parameters: TR/TE, 5.3/1.5;
flip angle, 10; matrix size, 320x512; FOV ~ 30-36; slice thickness, 2 mm; gap, -1 mm).
Compared to the T2-weighted and T1-weighted sequences that are used in SOC-BMRI, the
two Dixon sequences produce similar image contrast but require no frequency-based RF
pulses and no manual shimming or manual prescan to achieve uniform fat saturation.
Further, the Dixon sequences generate both water-only and fat-only and water-only series in
a single acquisition. The fat-only series is not available in SOC-BMRI but is evaluated in our
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study for its diagnostic value. There were four post-contrast acquisitions, identical to those
of the SOC-BMRI protocol. Post-processing image reconstruction algorithms were
performed with Orchestra SDK software (version 1.4, GE Healthcare).

For both SOC-BMRI and AB-MRI protocols, each patient received 0.1 mL/kg gadobutrol
(Gadovist, Bayer HealthCare Pharmaceuticals, Berlin, Germany) at a rate of 2 mL/s through
a power injector.

The acquisition times and table times were recorded for each scan. Acquisition time
included the individual sequences in the SOC-BMRI and AB-MRI, excluding the delayed
post-contrast T1-weighted sequence and the axial diffusion-weighted sequence from the
SOC-BMRI. The table time included the interval from the start of the localizer sequence to
the end of the last performed sequence.

2.3 SOC-BMRI interpretation

SOC-BMRI images were interpreted prospectively by one of sixteen breast radiologists with
1-27 years of experience (mean 12.2 years). The interpretation of these images was not part
of this study. The BI-RADS category and any suspicious findings from the SOC-BMRI
report were recorded in and extracted from the institutional electronic health record. BI-
RADS assessments of 1, 2, or 3 were considered negative interpretation, while BI-RADS
assessments of 0, 4, or 5 were considered positive interpretation.

2.4 AB-MRI interpretation

AB-MRI images were interpreted independently by three radiologists with a range of 6-15
years of experience (***, 8 years; ***, 15 years; ***, 13 years) on DynaCAD (v. 3.3, Invivo,
Gainesville, FL). The reading radiologists were blinded to clinical history and results of
other imaging studies. Readers initially evaluated serial subtraction MIPs, including the
color-coding map (abbreviated breast protocol 1, or AB1), first; non-subtraction and
subtraction DCE images (AB2) with reformatted multiplanar sagittal or coronal images as
needed, second; and the triple-echo Dixon T2 series, including fluid-bright and fat-only
images, which provide a contrast similar to that of T1-weighted non-contrast images without
fat suppression (AB3), last. Since post processing was performed by DynaCAD software at
viewing, post processing time was not included in scan or interpretation times.

Each radiologist reader assigned a BI-RADS category and recorded the interpretation time
for each reading step in every patient. When there was a suspicious finding, lesion type
(mass, nonmass enhancement, or focus), characteristics (shape, margin, and internal
enhancement for mass; distribution and internal enhancement for nonmass enhancement),
and delayed-phase kinetic curve were recorded using the BI-RADS lexicon [24]. After
blinded readings were complete, the radiologists performed a consensus review and BI-
RADS assessment of non-benign cases with comparison to prior imaging studies (AB4).
Similar to SOC, each readout was categorized as negative (BI-RADS 1-3) or positive (BI-
RADS 4-5) interpretation.
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2.5 Follow-up

Biopsy pathology, surgical pathology, and imaging follow-up were recorded from the
institutional electronic health record. For abnormal SOC-BMRI results, biopsy pathology
and/or a minimum of 6-month breast imaging follow-up were used as the reference standard.

2.6 Statistical analysis

Imaging diagnoses were summarized by frequencies and percentages. Table time,
acquisition time, and interpretation time were summarized by calculating mean, standard
deviation (SD), and range. Accuracy was estimated along with 95% confidence interval (ClI),
and accuracies of AB-MRI and SOC-BMRI were compared by using the McNemar test.
Sensitivity, specificity, PPV, and NPV were estimated by modality. Kappa statistics were
used to assess inter-reader agreement. A Wilcoxon signed-rank test was used to compare
table time and acquisition time between AB-MRI and SOC-BMRI. All tests were two-sided,
and p-values of 0.05 or less were considered statistically significant. Statistical analysis was
performed using SAS version 9.4 software (SAS Institute, Cary, NC).

3. Results

3.1 Patient cohort

From October 1, 2015, through February 8, 2018, 131 patients were prospectively registered
and underwent SOC-BMRI including DCE (Figure 1). Of those, 97 patients underwent DCE
AB-MRI after SOC-BMRI. Because of a technical error by the technologist, one patient’s
AB-MRI images were lost; this patient was excluded from analysis. A total of 73 women
(age range 26-75 years, mean age 53.5 years, median 53 years) with pathology or imaging
follow-up information were included in the analysis. Screening BMRI indications are shown
in Table 1.

3.2 Pathology results and follow-up

One breast cancer was diagnosed among these 73 women, for a cancer yield of 14 per 1000
women-years. The woman in whom cancer was found was 67 years old; MRI-guided biopsy
of nonmass enhancement in the right breast of this patient revealed low-grade cribriform
ductal carcinoma in situ (DCIS), for which the patient underwent mastectomy (Fig. 2). The
same patient concurrently underwent contralateral MRI-guided biopsy, also of a nonmass
enhancement, which yielded a single focus of atypical ductal hyperplasia. Three patients
underwent bilateral prophylactic mastectomy with benign results (Fig. 3). Imaging follow-up
for the remaining patients ranged from 6-31 months (mean 23 months, median 24 months).
No other cancers were diagnosed during the follow-up period.

3.3 SOC-BMRI and AB-MRI table and acquisition times

Acquisition and table times are summarized in Table 2. SOC-BMRI had significantly longer
acquisition and table times than AB-MRI (both p<0.001).
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3.4 SOC-BMRI interpretation

Of the 73 women included in the analysis, 67 (91.8%) had a negative interpretation and 6
(8.2%) a positive interpretation. The positive interpretations from SOC-BMRI are shown in
Table 3. The average number of prior BMRIs in the cohort was 2.99 (median 2, range 0-9).
The SOC-BMRI was the baseline BMRI in 15 (20.5%). The accuracy was 93.2% (68/73,
95% confidence interval [Cl] 85-98%). Other diagnostic indices are shown in Table 4.

3.5 AB-MRI interpretation

The Kappa values for inter-reader agreement were 0.68 (95% CI 0.49-0.87) for AB1, 0.51
(95% C1 0.29-0.72) for AB2, and 0.37 (95% CI 0.03-0.71) for AB3. These Kappa values
correspond to substantial agreement for AB1, moderate agreement for AB2, and fair
agreement for AB3.

AB1 (MIP) assessment resulted in 53 (72.6%) negative and 20 (27.4%) positive
interpretations. AB2 (DCE) assessment resulted in 56 (76.7%) negative and 17 (23.2%)
positive interpretations. AB3 (MIPs, DCE, T2-weighted, and fat-only images) assessment
resulted in 67 (91.8%) negative and 6 (8.2%) positive interpretations. The distribution of
positive interpretations for each AB reading is illustrated in Table 3. Accuracies of AB1,
AB2, and AB3 were 74% (95% Cl 62-84%), 78.1% (95% CI 67-87%), and 93.2% (95% ClI
85-98%), respectively.

Of the 20 positive interpretations on AB1, 4 (20%) were accurately recategorized as negative
on AB2; 1 (5%) was incorrectly recategorized as positive on AB2. Eleven (55%) of the
positive interpretations on AB2 were accurately re-categorized as negative interpretation on
AB3 (Fig. 4). Comparison with prior exams on AB4 accurately recategorized 3 (15%)
additional studies (Table 3) as negative.

The average interpretation times of all readers for AB1, AB2, and AB3 assessments were
5.92 seconds (SD 2.93, range 2.67-21.33, median 5.67), 26.44 seconds (SD 7.4, range 17—
25, median 25), and 21.68 seconds (SD 9.71, range 9.3-60, median 20), respectively. The
average interpretation time for all readers to complete AB1, AB2, and AB3 was 54.04
seconds (SD 16.12, range 35.33-110.33, median 51.67).

3.6 Comparison between SOC-BMRI and AB-MRI interpretations

Diagnostic performances of SOC-BMRI and AB-MRI are summarized in Table 4. SOC-
BMRI had significantly higher specificity and higher accuracy than AB1 and AB2
assessments from AB-MRI (p=0.002 and 0.01, respectively), but the two protocols did not
differ on accuracy of AB3 assessment (both 93%).

4. Discussion

In our study, an AB-MRI protocol for high-risk breast cancer screening was significantly
faster to perform than the SOC-BMRI protocol and required less than 1 minute to interpret.
AB-MRI table time was almost 60% shorter than that of SOC-BMRI, and scan time was
about 50% shorter. The cancer yield of BMRI in this high-risk cohort of 73 women was 14
per 1,000, compared with the reported cancer yield of 14.7 per 1000 for high-risk screening

Magn Reson Imaging. Author manuscript; available in PMC 2021 October 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Scoggins et al.

Page 8

BMRI in ACRIN 6666 [25]. The accuracy, sensitivity, specificity, PPVs, and NPVs were
identical for AB-MRI and SOC-BMRI when readers evaluated all AB images (AB3). Reader
assessment of only abbreviated-protocol MIP images (AB1) showed 100% sensitivity and
NPV; this agrees with the findings of Kuhl et al., which indicate that the MIP allows
radiologists to quickly discern whether a significant lesion is present on MRI screening [9].
Interestingly, 2 of the false positive results from SOC-BMRI were interpreted as benign on
AB-MRY, indicating that AB-MRI may have fewer false positives while still detecting
clinically significant lesions. In our cohort, the clinically significant lesions included 1
cancer and 2 ADH lesions that were interpreted as positive on both SOC and AB-MRI.

The potential for a shortened BMRI was first demonstrated by Kuhl et al. [9]. That group
compared the diagnostic performance from images acquired in 3 minutes, faster than their
complete BMRI protocol by 14 minutes. The acquisition time of our AB study is within the
range of 3 to 15 minutes that has been reported by various groups for AB-MRI [10, 14, 26—
31]. Our average AB reading time was faster than the reading time of 5.8 minutes reported
for BMRI with computer-aided detection [32] and within the range of 28 seconds to 2.98
minutes reported in AB-MRI studies [9, 12, 14, 26, 27, 29, 33, 34]. Time savings in
acquisition and interpretation are important in terms of cost, patient throughput, and
radiologist workflow. The acquisition time of our AB-MRI protocol is longer than the 4-
minute acquisition time of a digital screening mammogram with tomosynthesis [35] but
shorter than that of a bilateral screening breast ultrasound [36].

The PPV of AB3 was non-inferior to that of SOC-BMRI in our study but was also lower
than the PPV range of 21.7% to 64% reported by others for AB-MRI [9, 29, 34]. Most likely
our PPV is lower than those of prior studies because only one cancer was detected in our
cohort. Our cohort included only women with high risk, most of whom had undergone
previous MRI screening. Interestingly, there were no additional cancers in the second
screening round in the Kuhl study [9] of 443 women with mostly a mild-moderate risk,
indicating that even one previous BMRI screening affects the expected cancer yield in
subsequent screening rounds and may explain why only one cancer was detected in the
current study.

The time required to perform SOC-BMRI, which contributes to its high costs and poor
patient tolerance, is one of the motivating factors in developing AB-MRI protocols. So far,
most of the proposed AB-MRI protocols achieve scan time reduction through elimination of
dynamic post-contrast imaging, T2-weighted imaging, or both. One consequence of such an
approach is that the AB-MRI study is not compliant with the current ACR accreditation
criteria and is not eligible for reimbursement in the United States [17, 37]. Perhaps more
importantly, patients with a positive finding from the AB-MRI protocol will likely need to
be recalled for a full diagnostic workup or require more frequent follow-up, increasing the
overall cost of managing these cases.

In contrast, our AB-MRI protocol incorporates both high-resolution T2-weighted imaging
and complete T1-weighted dynamic imaging sequences and is fully ACR-compliant. Our
AB-MRI protocol achieves scan time and table time savings through the use of two
sequences with the Dixon technique, which eliminates the need for manual tuning and
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repeats [19, 38]. The Dixon technique yields additional fat-only images without any extra
scan time. Our study showed that the fat-only images are useful because they provide an
image contrast that is similar to that of a conventional non—fat-suppressed T1-weighted
sequence, which would have required several minutes of additional acquisition time. The
images from our AB-MRI protocol allowed evaluation of both lesion morphology and
enhancement characteristics and therefore a full characterization without a need for patients
with positive interpretations to return for a second, diagnostic BMRI. In particular, our AB-
MRI protocol included the dynamic pre-/post-contrast imaging that provides time-intensity
curves and visualization of enhancement characteristics. The kinetic analysis is a standard
part of BMRI interpretation as per the BI-RADS lexicon [24] and is essential for
differentiation of benign and malignant lesions [16, 39]. Having multiple time points after
contrast administration may also assist in identification of some malignancies, such as
invasive lobular carcinoma or DCIS, that do not demonstrate rapid early enhancement.
Although initial enhancement ratio and time to enhancement have been proposed in lieu of
kinetic curve assessment [40, 41], the performance of these parameters for lesion
characterization requires further validation.

Our study also revealed that review of T2-weighted and fat-only images was necessary to
achieve non-inferior diagnostic performance compared with SOC-BMRI. Without these
sequences, the recall rate for additional imaging or biopsy would have been 23% or 8%,
which compares favorably to a typical screening mammography recall rate. Our findings are
consistent with those of Panigrahi et al., who reported that some potential recall cases would
be resolved using T1-weighted or T2-weighted non-contrast sequences [14]. Lack of
specificity is a concern for BMRI and can result in women being recalled for a second
BMRI for lesion characterization and possibly a third BMRI to guide a biopsy. In our
opinion, T1-weighted non-contrast images are helpful in evaluating benign enhancing
findings such as lymph nodes and fat necrosis and T2-weighted sequences are valuable in
combination with morphologic and kinetic features in differentiating benign and malignant
lesions [42, 43]. These valuable sequences are omitted from most AB-MRI protocols
because they would usually take up to 10 minutes to acquire [9, 10, 12, 14, 28, 31, 34, 44].
Some investigators have reported that including a T2-weighted sequence in an AB-MRI
protocol increases lesion conspicuity [26], but there has been no evaluation of the added
value or contribution to the lesion specificity [30, 33]. The T2-weighted sequence in our
study had an average scan time of less than 2 minutes and was found to add value to the
diagnostic performance. We therefore believe that inclusion of a T2-weighted or fluid bright
sequence is both practical and worthwhile in screening BMRI to minimize false-positive
findings. Further, a T2-weighted sequence is an essential requirement for ACR accreditation.
Our study has some limitations. First, the number of patients in our study is small. Our
recruitment of participants was affected by the study requirement that participants return on
a separate date for AB-MRI, and some participants were lost to follow-up. Additionally,
most of the study participants had had at least one prior BMRI exam, which likely decreased
the number of cancers present in this cohort and may explain why only one cancer was
detected in this high-risk cohort. Second, the Dixon technique used in our AB-MRI study is
not an FDA-cleared commercial product, and it results in occasional artifacts at fat and water
boundaries. These artifacts did not negatively affect image interpretation. The image
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generation was not fully automatic and required some post-processing, which added some
time delay for image interpretation. Finally, our study may not be directly applicable to a
community practice because it was performed at a single high-volume tertiary care center
and on 3.0-T scanners, and the images were interpreted by radiologists specialized in breast
imaging with >5 years of experience. Finally, the interpretation time reported may not be
closely reproducible in an actual clinical setting, as the blinded reading in our study did not
reflect standard practice.

5. Conclusions

In conclusion, our study demonstrates that an AB-MRI protocol consisting of two Dixon
sequences can achieve significant timing savings for high-risk breast cancer screening in
direct comparison to SOC-BMRI and yet is in full compliance with ACR accreditation. The
kinetic curve from the full dynamic imaging and T2-weighted images as well as the fat-only
images in the AB-MRI are important for BI-RADS category and lesion characterization and
are needed to maintain the non-inferiority in performance when compared to SOC-BMRI. In
view of the mounting evidence to expand the use of AB-MRI to routinely screen average
risk women or breast cancer survivors, our protocol that significantly decreases scan and
table time, minimizes false positive rate with no impact on cancer detection is a viable
technique to scan and interpret large patient populations.
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Screening BMRI patients prospectively registered
n=131

l

Patients underwent SOC BMRI followed by AP BMRI
n=97

Excluded patients (n=24) due to lack of
followup (n=23), lost AP images (n=1)

Patient included in reader study
n=73

BMRI: breast MRI, SOC: standard of care, AP: abbreviated protocol.

Figure 1:
Patient eligibility, enrollment and inclusion in reader study.
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Figure 2:
67-year-old woman with a 41% lifetime breast cancer risk based on family history, as

determined by the Gail model, and a variant of unknown significance in the PALBZ2 gene.
The abbreviated breast MRI (AB-MRI) first post-contrast subtraction MIP (AB1) (a) with
time-intensity color map (b) shows multiple areas of enhancement (right greater than left) in
both breasts with associated persistent delayed kinetics indicated by predominantly blue
coloration on the color map. The AB-MRI first post-contrast subtraction image (AB2) (c)
shows a representative area centrally with multiple bilateral nonmass enhancements
(arrows), right greater than left. The corresponding AB-MRI first post-contrast T1-weighted
image (AB2) with a color map overlay shows associated delayed persistent kinetics (d).
There was no associated increase in T2 signal on the AB-MRI T2-weighted image (AB3)
(e). Both SOC-BMRI and AB-MRI exams were classified as BI-RADS 4, suspicious. MRI-
guided biopsy of the right breast showed low-grade cribriform ductal carcinoma in situ
(DCIS) without comedonecrosis and lobular carcinoma in situ with pagetoid extension.
Subsequent right mastectomy showed cribriform atypical ductal proliferation similar to the
DCIS in the MRI-guided biopsy, as well as atypical lobular hyperplasia and radial scar. Left
breast MRI-guided biopsy showed a single minute focus of atypical ductal hyperplasia, as
well as usual ductal hyperplasia, columnar cell change, and sclerosing adenosis. The left
breast is undergoing imaging follow-up, showing benign results.
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Figure 3:
42-year-old woman with 28.9% lifetime breast cancer risk based on family history, as

determined by the Claus model. The abbreviated breast (AB-MRI) first subtraction MIP (a)
with time-intensity color map (AB1) (b) shows an asymmetric lesion with washout in the
posterior left breast (arrows). The AB-MRI first post-contrast subtraction (AB2) (c) shows
focal nonmass enhancement (arrow) in the posterior central left breast. The corresponding
AB-MRI T2-weighted image (AB3) (d) of the nonmass lesion shows intermediate T2 signal
(arrow). This lesion was identified and classified as BI-RADS Category 4, suspicious, on
both SOC-BMRI and AB-MRI exams. MR-guided biopsy showed atypical ductal
hyperplasia, columnar cell change, and proliferative fibrocystic change. Subsequent bilateral
skin-sparing mastectomies showed benign findings.
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Figure 4:
58-year-old woman with 24.5% lifetime breast cancer risk by the Claus model. The AB-

MRI first subtraction MIP (a) with time-intensity color map (AB1) (b) show an asymmetric
mass with persistent enhancement kinetics in the middle central left breast (arrows). The
AB-MRI first post-contrast subtraction (AB2) (c) shows an oval enhancing mass (arrow) in
the inferior left breast, corresponding with the MIP finding. The corresponding AB-MRI T2-
weighted image (AB3) (d) of the mass shows hyperintense T2 signal (arrow). This mass was
identified and classified as BI-RADS Category 4, suspicious, on AB1 and AB2. The mass
was downgraded to BI-RADS Category 2, benign, on AB3. The AB3 assessment matched
the SOC-BMRI assessment of a benign, true-negative finding.
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Table 1.

Indications for screening BMRI (N=73)

Indication Number (%)
BRCA1

Pathologic variant 2(2.7)

VUS 3(4.1)
BRCA2

Pathologic variant 9(12.3)

VUS 22.7)
Other gene mutation

CDH1 1(1.3)

PALB2 1(1.3)

PALB2 VUS 1(1.3)
Chest radiation therapy before age 30 2(2.7)
Risk model with LTR calculation 220%

Gail 22 (30.1)

Tyrer-Cuzick 18 (24.7)

Claus 12 (16.4)

BMRI: breast magnetic resonance imaging; VUS: variant of uncertain significance; LTR: lifetime risk.
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Table 2.

Acquisition and table times for AB-MRI and SOC-BMRI

Time N Mean (range) SD p—valuea
Acquisition time, minutes
AB-MRI 73 9.63 (7.7-11.88) 0.91
SOC-BMRI 73  19.46 (14.68-26.18) 2.91
SOC-BMRI+AB-MRI 73 9.83 (4.77-16.32) 3.31 <0.0001
Table time, minutes
AB-MRI 73 15.07 (11.62-20.47) 2.01
SOC-BMRI 73  36.3(25.78-55.33) 6.91
SOC-BMRI+AB-MRI 73 21.23(8.16-4042) 7.69 <0.0001

AB-MRI: abbreviated-breast MRI; SOC: standard of care; BMRI: breast magnetic resonance imaging; SD: standard deviation.

a . . .
P-value determined by Wilcoxon signed-rank test.
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