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Objective: To compare the performance of simulated abbreviated breast MRI (AB-MRI) and full diagnostic (FD)-MRI in
distinguishing between benign and malignant lesions detected by MRI and investigate the features of discrepant lesions of
the two protocols.

Materials and Methods: An AB-MRI set with single first postcontrast images was retrospectively obtained from an FD-MRI
cohort of 111 lesions (34 malignant, 77 benign) detected by contralateral breast MRI in 111 women (mean age, 49.8. + 9.8;
range, 28-75 years) with recently diagnosed breast cancer. Five blinded readers independently classified the likelihood of
malignancy using Breast Imaging Reporting and Data System assessments. McNemar tests and area under the receiver
operating characteristic curve (AUC) analyses were performed. The imaging and pathologic features of the discrepant lesions
of the two protocols were analyzed.

Results: The sensitivity of AB-MRI for lesion characterization tended to be lower than that of FD-MRI for all readers (58.8-
82.4% vs. 79.4-100%), although the findings of only two readers were significantly different (p < 0.05). The specificity of
AB-MRI for lesion characterization was higher than that of FD-MRI for 80% of readers (39.0-74.0% vs. 19.5-45.5%, p <
0.001). The AUC of AB-MRI was comparable to that of FD-MRI for all readers (p > 0.05). Fifteen percent (5/34) of the cancers
were false-negatives on AB-MRI. More suspicious margins or internal enhancement on the delayed phase images were related
to the discrepancies.

Conclusion: The overall performance of AB-MRI was similar to that of FD-MRI in distinguishing between benign and malignant
lesions. AB-MRI showed lower sensitivity and higher specificity than FD-MRI, as 15% of the cancers were misclassified
compared to FD-MRI.
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INTRODUCTION aggressive or invasive tumors, which are likely to be
biologically important (2). However, breast MRI screening
Breast MRI has high sensitivity (75.2-100%) and is currently recommended for women with a 20% or
specificity (83.0-98.4%) for breast cancer screening (1) higher lifetime risk of breast cancer due to its high cost
and superior sensitivity to mammography for identifying and limited availability (3). Abbreviated breast MRI (AB-
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MRI), which obtains the most essential sequences (i.e.,
precontrast and first postcontrast images) of full diagnostic
MRI (FD-MRI) with total scan time of less than 5-10
minutes, has been recently introduced. AB-MRI reduces
the MRI examination and interpretation time and allows
faster throughput, leading to reduced cost and increased
availability of breast MRI screening to intermediate-risk
women (1, 4-6). In several studies involving different
populations, AB-MRI screening has consistently shown
cancer detection rates and diagnostic accuracy comparable
to those of FD-MRI (7-18). AB-MRI with first post-
contrast images preferentially detects invasive cancers and
high-grade ductal carcinoma in situ (DCIS) due to their
neoangiogenesis and rapid wash-in of contrast compared
with fibrocystic change and low-grade DCIS (7).

In distinguishing between benign and malignant
lesions, however, there is limited literature regarding the
performance of radiologists by using AB-MRI. It was initially
anticipated that restricting the acquisition of sequences by
obtaining only first postcontrast T1-weighted images (T1-
WIs) could hamper the superior sensitivity and specificity
of MRI, as kinetic and morphologic information on delayed
contrast-enhanced images is not available on AB-MRI (4).
Thus, there might be lesions showing discrepant findings
by AB-MRI and FD-MRI, which may lead to discrepant
classifications. To use breast AB-MRI more widely in clinical
practice, we need to be aware of how often the discrepancy
between the findings of the two protocols occurs and the
imaging and pathologic features of the discrepant lesions of
the two protocols.

Thus, the purpose of our study was to compare
the performance of simulated AB-MRI and FD-MRI in
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distinguishing between benign and malignant lesions
detected by MRI and investigate the features of discrepant
lesions of the two protocols.

MATERIALS AND METHODS

The Institutional Review Board of our institution
approved this retrospective study. The need for written
informed consent was waived.

Study Population

Between January 2011 and August 2016, a retrospective
search of the Breast Imaging Center database of our
institution identified 264 consecutive histologically
confirmed lesions on contralateral screening breast MRI
during preoperative evaluation in women with recently
diagnosed breast cancer. Lesions located contralaterally
to recently diagnosed breast cancer, classified as Breast
Imaging Reporting and Data System (BI-RADS) final
assessment category 4 or 5 on MRI, and subsequently
confirmed with surgery were included. Of the 264 lesions,
those initially detected by other imaging modalities
(mammography, breast ultrasound, CT, or PET-CT) (n =
116) and those in patients treated with neoadjuvant
chemotherapy (n = 37) were excluded. Finally, 111 lesions
in 111 women (mean age, 49.8. + 9.8; range, 28-75 years)
detected by MRI (34 malignant and 77 benign lesions,
median lesion size 1.1 cm; range, 0.3-6.9 cm) were included
(Fig. 1). When there were multiple enhancing lesions in the
contralateral breast, the most suspicious lesion was chosen
for excision. Thus, one lesion per breast was included. The
lesions were histologically confirmed using excisional biopsy

Inclusion critetia:

e Histologically confirmed lesions

264 potentially eligible lesions on MRI between January 2011 and August 2016

e | esions classified as BI-RADS final assessment category 4 or 5 on the contralateral breast
screening MRI during preoperative evaluation in women with recently diagnosed breast cancer

Excluded lesions, n = 153

4

e Lesions detected by other imaging modalities (i.e., MG, US), n = 116
e Lesions in patients treated with neoadjuvant chemotherapy, n = 37

Contralateral breast lesions included in this study, n = 111
e Malignant lesions, n = 34
® Benign lesions, n = 77
(median lesion size 1.1 cm; range 0.3-6.9 cm)

Fig. 1. Flow chart showing the study inclusion and exclusion criteria. BI-RADS = Breast Imaging Reporting and Data System, MG =

mammography, US = ultrasound
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with ultrasound- (n = 85) or mammography-guided (n = 3)
wire localization or without localization (n = 3), surgical
excision after percutaneous ultrasound- (n = 15), or MRI-
guided (n = 5) biopsy.

MRI Examinations and Two Imaging Sets

MRI examinations were performed with the patients in
the prone position using a 1.5T system (Signa; General
Electric Healthcare) with a dedicated 8-channel breast coil
or 3T system (Achieva dStream, Philips Healthcare) with a
dedicated 16-channel breast coil. Bilateral fat-suppressed
T2-weighted image (T2-WI) and T1-WI with one precontrast
and five postcontrast series were obtained (Supplementary
Material). Subtraction, axial or sagittal reformatted,
and maximum intensity projection (MIP) images were
generated. From the FD-MRI, precontrast, first postcontrast
T1-weighted, and MIP images were selected and saved as
anonymized DICOM files for the simulated AB-MRI data set.

Reader Study and Data Collection

Five fellowship-trained radiologists in breast imaging
participated as readers and completed the AB-MR Reader
Training and Certification Test before participation (19).
They had 3, 4, 8, 11, and 11 years of experience in
interpreting breast MRI (i.e., FD-MRI) and 0.5, 0.5, 0.5,
1, and 1 year of experience in interpreting AB-MRI. The
readers were blinded to the clinical information, images
from other modalities, and histopathology results of the
breast lesions on MRI data sets by using anonymized DICOM
files saved in the research folder on the picture archiving
and communication system. As the purpose of this reader
study was to evaluate the ability to distinguish between
benign and malignant lesions, and not the ability to detect
lesions, the locations of the lesions on the images were
provided to the readers. They independently reviewed two
MRI datasets. A suspicious lesion was defined as a lesion
with one of the following features: a mass with a spiculated
or irregular margin, an irregular shape, and heterogeneous
or rim enhancement; a non-mass enhancement with a linear
or segmental distribution, a heterogeneous, clumped, or
clustered ring internal enhancement pattern. A probably
benign lesion was characterized by the following features:
a mass with an oval shape, a circumscribed margin, a
homogeneous and persistent enhancement pattern; a focal
non-mass enhancement without a suspicious finding.

During the first session, the readers assessed the
simulated AB-MRI set composed of MIP, precontrast, and
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first postcontrast series. During the second session a week
later, the readers assessed the FD-MRI set including T2-
weighted, precontrast, five postcontrast, subtracted, and
delayed postcontrast axial or sagittal images for the same
lesions. The final assessment category based on BI-RADS®
Atlas for MRI (20) and the likelihood of malignancy of each
lesion was classified during each reading session. Both AB-
and FD-MRI interpretations were based on the BI-RADS®
lexicon for MRI (20), and the standard of reference was the
histopathologic result from surgical excision. MRI findings
were described at AB-MRI and FD-MRI by two radiologists
(with 17 and 1 year of experience) in consensus other than
5 readers.

Discrepant lesions detected by AB-MRI and FD-MRI were
defined as lesions with discordant classifications by the
two protocols by at least 3 of the 5 readers. The discrepant
malignant lesions were malignant lesions that showed
discrepancies between the findings of AB-MRI and FD-MRI.
The discrepant benign lesions were benign lesions that
showed discrepant assessments between AB-MRI and FD-
MRI. Two other radiologists analyzed the discrepant lesions
by consensus, focusing on the morphologic descriptors,
kinetic features based on the BI-RADS lexicon, and signal
intensities on T2-WI, to identify presumptive reasons for
the discrepant classifications between the two protocols.
The histologic type, lesion size, nuclear grade, histologic
grade and receptor status, including estrogen receptor (ER),
progesterone receptor (PR), and human epidermal growth
factor receptor 2 (HER2) expression, were reviewed.

Statistical Analysis

The sensitivity and specificity of AB-MRI and FD-
MRI determined by the readers were compared using
the McNemar test with IBM SPSS Statistics (IBM Corp.,
version 22.0). The areas under the receiver operating
characteristic curve (AUCs) for distinguishing between the
benign and malignant lesions classified by the readers were
compared using MedCalc Statistical Software version 18.10
(MedCalc Software bv). A p value of < 0.05 was considered
statistically significant.

RESULTS

Patient and Lesion Characteristics

Table 1 shows the patient characteristics and MRI
findings of 111 histopathologically confirmed benign and
malignant lesions detected on contralateral breast MRI
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Table 1. Patient Characteristics and MRI Findings of the Histopathologically Confirmed 111 Lesions

Characteristics Benign Lesions (n = 77) Malignant Lesions (n = 34)
Mean age (range) (years) 49.2 (28-75) 53.3 (41-75)
Median lesion size on MRI (range) (cm) 1.0 (0.3-6.9) 1.2 (0.5-6.6)
MRI finding AB-MRI FD-MRI AB-MRI FD-MRI
Mass 56 (72.7) 55 (71.4) 26 (76.5) 24 (70.6)
Shape
Oval 24 (42.9) 23 (41.8) 4 (15.4) 5 (20.8)
Round 1(1.8) 6 (10.9) 1(3.8) 0 (0)
Irregular 31 (55.4) 26 (47.3) 21 (80.8) 19 (79.2)
Margin
Circumscribed 25 (44.6) 20 (36.4) 5 (19.2) 4 (16.7)
Not circumscribed
Irregular 27 (48.2) 31 (56.4) 13 (50.0) 14 (58.3)
Spiculated 4 (7.1) 4 (7.3) 8 (30.8) 6 (25.0)
Internal enhancement characteristics
Homogeneous 17 (30.4) 21 (38.2) 2(7.7) 6 (25.0)
Heterogeneous 35 (62.5) 31 (56.4) 21 (80.8) 17 (70.8)
Rim enhancement 3 (5.4) 2 (3.6) 3 (11.5) 1 (4.2)
Dark internal septations 1(1.8) 1(1.8) 0 (0) 0 (0)
Non-mass enhancement 21 (27.3) 22 (28.6) 8 (23.5) 10 (29.4)
Distribution
Focal 11 (52.4) 10 (45.5) 2 (25.0) 3 (30.0)
Linear 1 (4.8) 4 (18.2) 3 (37.5) 2 (20.0)
Segmental 5 (23.8) 3 (13.6) 1(12.5) 3 (30.0)
Regional 4 (19.0) 5 (22.7) 2 (25.0) 2 (20.0)
Internal enhancement patterns
Homogeneous 1 (4.8) 3 (13.6) 2 (25.0) 0 (0)
Heterogeneous 20 (95.2) 16 (72.7) 5 (62.5) 6 (60.0)
Clumped 0 (0) 3 (13.6) 1 (12.5) 2 (20.0)
Clustered ring 0 (0) 0 (0) 0 (0) 2 (20.0)

Data are numbers of lesions, and the values in parentheses are percentages. MRI findings were described by two radiologists in consensus
who did not participate in the reader study of both protocols. AB = abbreviated breast, FD = full diagnostic

screening of 111 women (mean age, 49.8 years; range,
28-75 years) with recently diagnosed breast cancers. The
lesion size, defined as the longest dimension on MRI,
ranged from 0.3-6.9 cm (median, 1.1 cm). The median size
of the benign lesions was 1.0 cm (range, 0.3-6.9 cm) and
that of the malignant lesions was 1.2 cm (range, 0.5-6.6
cm) (p = 0.23). The most common benign histopathology
was a fibrocystic change (13/77, 16.9%). Of the malignant
lesions, 47.1% (16/34) were invasive cancers and 52.9%
(18/34) were DCIS (Table 2).

Sensitivity, Specificity, and AUC

The sensitivity of AB-MRI tended to be lower than that
of FD-MRI for all readers (82.4% [28/34] vs. 85.3% [29/34]
for reader 1, p > 0.999; 82.4% [28/34] vs. 100% [34/34]
for reader 2, p = 0.031; 67.6% [23/34] vs. 94.1% [32/34]
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for reader 3, p = 0.004; 58.8% [20/34] vs. 82.4% [28/34]
for reader 4, p = 0.077; 76.5% [26/34] vs. 79.4% [27/34]
for reader 5, p > 0.999), but a significant difference was
only found for two readers (Table 3). The specificity of AB-
MRI was significantly higher than that of FD-MRI for four
of the five readers (41.6% [32/77] vs. 36.4% [28/77] for
reader 1, p = 0.503; 39.0% [30/77] vs. 19.5% [15/77] for
reader 2, p = 0.001; 71.4% [55/77] vs. 45.5% [35/77] for
reader 3, p < 0.001; 74.0% [57/77] vs. 37.7% [29/77] for
reader 4, p < 0.001; 59.7% [46/77] vs. 35.1% [27/77] for
reader 5, p = 0.001) (Table 3). The AUCs for AB-MRI and FD-
MRI were not significantly different (0.71 vs. 0.71 for reader
1, p =0.981; 0.70 vs. 0.69 for reader 2, p = 0.764; 0.77 vs.
0.84 for reader 3, p = 0.117; 0.74 vs. 0.70 for reader 4, p =
0.542; 0.74 vs. 0.64 for reader 5, p = 0.078) (Table 3).
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Discrepant Lesions between AB-MRI and FD-MRI
Of the 34 malignant lesions, 26.5% (9/34) were category
2 or 3 on AB-MRI and 11.8% (4/34) were category 2 or 3 on

Table 2. Histopathologic Features of 111 Lesions

Histopathologic Features n (%)
Benign lesions 77 (100)
Fibrocystic change 13 (16.9)
Ductectasia 1(1.3)
Fibroadenoma 10 (13.0)
Complex fibroadenoma 1(1.3)
Adenosis, other than sclerosing adenosis 4 (5.2)
Sclerosing adenosis 10 (13.0)
Atypical apocrine adenosis 1(1.3)
Usual ductal hyperplasia 5 (6.5)
Florid ductal epithelial hyperplasia 5 (6.5)
Columnar cell change 3 (3.9)
Intraductal papilloma 11 (14.3)
Radial scar 3(3.9)
Mucocele-like lesion 1(1.3)
Atypical ductal hyperplasia 4 (5.2)
Atypical lobular hyperplasia 2 (2.6)
Lobular carcinoma in situ 3 (3.9)
Malignant Lesions 34 (100)
Invasive cancer 16 (47.1)
Invasive ductal carcinoma 12 (35.3)
Invasive lobular carcinoma 4 (11.8)
Ductal carcinoma in situ 18 (52.9)
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FD-MRI (Table 4). Of the 77 benign lesions, 42.9% (33/77)
were category 4 or 5 on AB-MRI and 64.9% (50/77) were
category 4 or 5 on FD-MRI (Table 4).

Five of the 34 malignant lesions (14.7%) were false
negatives on AB-MRI and true positives on FD-MRI
according to three or more of the five readers (Table 5).

Of the 5 false-negative lesions on AB-MRI, 1 lesion was
misclassified by all readers, 3 lesions were misclassified by
four readers, and 1 lesion was misclassified by three readers
(Table 5). These included three DCISs (low or intermediate
nuclear grade; 0.6 cm, 1.5 cm, and 2.5 cm in size) and two
invasive ductal carcinomas (low or intermediate histologic
grade, ER/PR-positive, HER2-negative, 0.6 cm in size and
ER/PR/HER2-negative, 0.1 cm in size). All 5 false-negative
lesions (100%) on AB-MRI had more suspicious margins or
internal enhancement on the delayed phase of FD-MRI than
on AB-MRI (Table 5). Of the five false-negative lesions on
AB-MRI, three lesions (60%) showed plateau or washout
kinetics on FD-MRI (Table 5). On T2-WI, three lesions
showed iso or mixed signal intensities, and two lesions
(40%) showed high signal intensities (Table 5, Fig. 2).

Eleven of 77 benign lesions (14.3%) were false positives
on FD-MRI and true negatives on AB-MRI according to three
or more of the five readers. Of these 11 lesions, 5 (45.5%)
presented more suspicious shapes, margins, or internal
enhancement on the delayed phase of FD-MRI than on

Table 3. Performance of Five Readers Assessing 111 Breast Lesions with AB- and FD-MRI

Readers Sensitivity* Specificity* Auct
AB-MRI FD-MRI [F AB-MRI FD-MRI F AB-MRI FD-MRI F
82.4 85.3 41.6 36.4 0.71 0.71
Reader 1 (28/34) (29/34) >0.999 (32/77) (28/77) 0.503 ’ ) 0.981
[0.61-0.79] [0.61-0.79]
[65.5-93.2] [68.9-95.0] [30.4-53.4] [25.7-48.1]
82.4 100 39.0 19.5 0.70 0.60
Reader 2 (28/34) (34/34) 0.031 (30/77) (15/77) 0.001 ’ ’ 0.765
[0.61-0.78] [0.59-0.77]
[65.5-93.2] [89.7-100.0] [28.0-50.8] [11.3-30.1]
67.6 94.1 71.4 45.5 0.77 0.84
Reader 3 (23/34) (32/34) 0.004 (55/77) (35/77)  <0.001 [0 68’ 085] [0 76‘ 0.90] 0.117
[49.5-82.6] [80.3-99.3] [60.0-81.2] [34.1-57.2] ’ ’ ’ )
58.8 82.4 74.0 37.7 0.74 0.70
Reader 4 (20/34) (28/34) 0.077 (57/77) (29/77)  <0.001 ) ’ 0.542
[0.65-0.82] [0.60-0.78]
[40.7-75.4] [65.5-93.2] [62.8-83.4] [26.9-49.4]
76.5 79.4 59.7 35.1 0.74 0.64
Reader 5 (26/34) (27/34) >0.999 (46/77) (27/77) 0.001 ) ’ 0.078
[0.65-0.82] [0.54-0.73]
[58.8-89.3] [62.1-91.3] [47.9-70.8] [24.5-46.8]
Mean + SD 73.5+10.2 88.2 +8.6 57.1 +16.3 34.8+£9.5 0.73+£0.03 0.72 +0.07

*Numbers are percentages, raw data are in parentheses, and 95% confidence intervals are in brackets, 'Numbers in brackets are the 95%
confidence intervals of the AUC values, 'p values refer to the differences in the diagnostic performance between AB-MRI and FD-MRI.

AUC = area under the receiver operating characteristic curve
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Table 4. BI-RADS Final Assessments of Five Readers for Malignant and Benign Lesions with AB- and FD-MRI
Benign Lesions (n = 77) Malignant Lesions (n = 34)
AB-MRI FD-MRI AB-MRI FD-MRI
Reader G RaDs BI-RADS BI-RADS BI-RADS BI-RADS BI-RADS BI-RADS BI-RADS
2or3 4or5 2or3 4or5 2or3 4or5 2or3 4or5
1 32 45 28 49 6 28 5 29
2 30 47 15 62 6 28 0 34
3 55 22 35 42 11 23 2 32
4 57 20 29 48 14 20 6 28
5 46 31 27 50 8 26 7 27
Mean + SD 44 + 12.6 33 £12.6 27 £7.3 50+ 7.3 9+3.5 25+3.5 4+2.9 30+£2.9
Data are numbers of lesions. BI-RADS = Breast Imaging Reporting and Data System
Table 5. Five Cancers Presenting as False Negative on AB-MRI and as True Positive on FD-MRI
Lesion 1 Lesion 2 Lesion 3 Lesion 4 Lesion 5
Number of radiologists with discrepant
. 5 4 4 4 3
categories
Imaging features on AB-MRI
Type Mass Mass Mass NME NME
Shape/distribution Oval Oval Irregular Linear Linear
Margin Circumscribed Circumscribed Irregular NA NA
Internal enhancement characteristics/
Heterogeneous Heterogeneous Homogeneous Homogeneous Homogeneous
patterns
Imaging features on FD-MRI
Type Mass Mass Mass NME NME
Shape/Distribution Oval Oval Irregular Linear Linear
Margin Irregular Irregular Spiculated NA NA
Internal enhancement characteristics/
Heterogeneous Heterogeneous Heterogeneous Heterogeneous Heterogeneous
patterns
Kinetic features initial/delayed phase Fast/washout Fast/plateau Fast/persistent Fast/plateau Fast/persistent
Signal intensity at T2-WI Iso High Iso Mixed High
Lesion size at MRI (cm)* 0.6 0.9 0.7 2.1 2.9
Histopathologic features
Histologic type IDC DCIS IDC DCIS DCIS
Tumor size at pathology (cm)! 0.6 1.5 0.1 0.6 2.5
Histologic grade Low NA Low NA NA
Nuclear grade Low Intermediate Intermediate Intermediate Low
ER/PR/HER2 +/+/- NA -/-/- NA NA

The analysis was performed by two radiologists in consensus who did not participate in the reader study of both protocols. *Lesion size
on MRI was defined as the longest dimension on MRI, "Tumor size at pathology was defined as invasive tumor size in cases of invasive
ductal carcinoma. DCIS = ductal carcinoma in situ, ER = estrogen receptor, HER2 = human epidermal growth factor receptor 2, IDC =

invasive ductal carcinoma, NA = not applicable, NME = non-mass enhancement, PR = progesterone receptor, T2-WI = T2-weighted image

the first post-contrast images of AB-MRI. Of the 11 false- 2 or 3).
positive lesions on FD-MRI, 10 (90.9%) showed plateau or
washout kinetics. On T2-WI, 8 lesions showed iso- or mixed DISCUSSION

signal intensities, and three lesions (27.3%) showed high
signal intensities (Fig. 3).

There were no discrepant benign or malignant lesions that
showed more suspicious findings on AB-MRI (BI-RADS final
assessment category 4 or 5) than FD-MRI (BI-RADS category

In our multireader study, simulated AB-MRI with single
first post-contrast images tended to show a lower sensitivity
and higher specificity than FD-MRI in distinguishing
between benign and malignant lesions detected by MRI
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screening, although AB-MRI and FD-MRI had similar AUCs. three or more of the five readers. All five false-negative
Of the 34 malignant lesions, five (15%) were classified as cancers on AB-MRI were low- or intermediate-grade DCIS or
BI-RADS final assessment category 2 or 3 on AB-MRI by low- or intermediate-grade invasive cancer of < 1 cm. Not

C D

Fig. 2. False-negative lesion on abbreviated MRI in a 55-year-old woman (lesion 1 in Table 5).

MIP reconstruction image (A) and first post-contrast T1-weighted sagittal image (B) show a 0.4 cm oval heterogeneously enhancing mass (arrows)
in the right upper outer breast. The fifth post-contrast T1-weighted sagittal image (C) shows the mass (arrow) with a more irregular margin and
washout kinetics. T2-weighted sagittal image (D) shows the mass (arrow) with isointense T2 signal intensity compared to breast parenchyma.
This lesion was classified as BI-RADS final assessment category 3 by all five radiologists on abbreviated breast MRI and classified as category

4 by all five radiologists on full diagnostic MRI. It was finally confirmed as a 0.6 cm low-grade, ER/PR-positive, HER2-negative invasive ductal
carcinoma after breast-conserving surgery. ER = estrogen receptor, HER2 = human epidermal growth factor receptor 2, MIP = maximum intensity
projection, PR = progesterone receptor
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Fig. 3. True-negative lesion on abbreviated MRI in a 49-year-old woman.

MIP reconstruction image (A) and first post-contrast T1-weighted sagittal image (B) show a 0.5 cm irregular, circumscribed mass (arrows) in
the left upper breast. The fifth post-contrast T1-weighted sagittal image (C) shows the mass (arrow) with clear washout kinetics. T2-weighted
sagittal image (D) shows the mass (arrow) with iso-signal intensity. This lesion was classified as BI-RADS final assessment category 2 or 3 by
all five radiologists on abbreviated breast MRI and category 4 by four of five radiologists on full diagnostic MRI. It was finally confirmed as
sclerosing adenosis after excision.
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only the absence of kinetic information, but also the more
suspicious margins or internal enhancement appearing in
the delayed phase of FD-MRI than on the first postcontrast
images of AB-MRI, was related to the discrepancies between
the two protocols.

Previous reader studies showed the promising
performances of AB-MRI with single first post-contrast
images; however, these studies were mostly conducted
in the breast cancer screening setting (7-13, 15-18).
Regarding the diagnostic setting, Romeo et al. (21)
reported that a simplified breast MRI protocol, including
the second and fifth postcontrast series, had a comparable
performance to FD-MRI in characterization (sensitivity 99%
vs. 97%, p = 0.62; specificity 93% vs. 95%, p = 0.72; AUC
0.989 vs. 0.990, p = 0.76). Moschetta et al. (14) also found
that AB-MRI consisting of a single third post-contrast T1-WI
and morphologic sequences (short TI inversion recovery, T2-
WI) had comparable performance to FD-MRI (sensitivity 0.89
vs. 0.92, specificity 0.91 vs. 0.92, AUC 0.91 vs. 0.92, all p >
0.05). However, Gillman et al. (22) recently reported a lower
sensitivity and higher specificity of AB-MRI including T2-
WI and first postcontrast series than FD-MRI (50% vs. 71%,
96% vs. 77%) in women with a personal history of breast
cancer, which is consistent with our results. In addition,
in an early pilot study that compared the performances
of two simplified breast MRI protocols (1st postcontrast
series alone vs. 1st and 2nd postcontrast series) and FD-
MRI (1st, 2nd, 3rd, and 4th postcontrast series), Grimm
et al. (9) found that the sensitivities and specificities of
the protocols were 86% and 52%, 89% and 45%, and 95%
and 52%, respectively, although there were no significant
differences. Based on these studies, it is notable that
while AB-MRI including second or later postcontrast series
showed comparable performances to FD-MRI, AB-MRI with
single first postcontrast images tended to show inferior
sensitivity to FD-MRI in distinguishing between benign and
malignant lesions, which was demonstrated in our study.

According to the analysis of the BI-RADS features of the
discrepant lesions of the two protocols in our study, the
absence of kinetic information and the limited morphologic
details in the first postcontrast images of AB-MRI were
the main reasons for the discrepancies between the two
protocols. Three of the 5 false-negative lesions on AB-MRI
and 10 of the 11 false-positive lesions on FD-MRI showed
plateau or washout kinetics on FD-MRI. In addition, all 5
false-negative lesions on AB-MRI and 5 of the 11 false-
positive lesions on FD-MRI showed more suspicious shapes,
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margins, or internal enhancement on the delayed phase of
FD-MRI than on the first postcontrast images of AB-MRI.
Moreover, readers may have missed suspicious findings
of false-negative cancers, such as irregular margins,
heterogeneous enhancement, or linear distribution, which
appeared to be very subtle in the first postcontrast images,
leading to misinterpretation on AB-MRI. In this context,
Romeo et al. (21) also emphasized the usefulness of the
second and fifth postcontrast series for characterization
because these series had better visualization of the
margins and internal enhancement patterns than the first
postcontrast images alone. Considering that the most
important advantage of breast MRI is its outstanding
sensitivity, the misclassification of breast cancers, even low
to intermediate grade and minimal breast cancers, could
be a drawback. Thus, further study is needed to determine
whether second or third postcontrast series may help reduce
the delayed diagnosis of breast cancers with AB-MRI.

This study has several limitations. First, this was a
retrospective study conducted in a single institution, and
it included lesions detected by contralateral breast MRI
screening in women with newly diagnosed breast cancers.
This cohort is not typical for AB-MRI examination, and
prospective studies using various populations are needed
for further validation of our results. Our study included
only histologically confirmed suspicious breast lesions, and
52.9% (18/34) of the cancer cases were DCIS. Previous
diagnostic AB-MRI studies, however, included breast lesions
detected by mammography or ultrasound examination or
palpable lesions (14, 21). Second, the 5 breast radiologists
who participated in the reader study had less experience
with AB-MRI than with FD-MRI. Similar to the ECOG-ACRIN
1141 trial, however, the radiologists in our study had to
pass the AB-MR Reader Training and Certification Test
before participation (19, 23). Third, we did not include T2-
WI in the simulated AB-MRI datasets. Nowadays, T2-WI is
usually included in the AB-MRI protocol (11, 14, 24). If T2-
WI was included in the AB-MRI protocol in our study, 3 of 5
false-negative cancers on AB-MRI with iso- or mixed signal
intensities on T2-WI may have been correctly classified as
BI-RADS category 4 or 5 (25-27). Ultrafast imaging with fast
(< 10 s) temporal resolution retains dynamic information for
lesion characterization, and the addition of these protocols
in AB-MRI may help improve the performance of AB-MRI (28,
29). Lastly, there were no discrepant benign or malignant
lesions that showed more suspicious findings on based on
the initial FD-MRI interpretations, although this fact may
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have little effect on the overall results.

In conclusion, our multireader study found that 15%
of the cancers were misclassified on AB-MRI compared
to FD-MRI because kinetic information is unavailable and
suspicious morphology is not well-delineated on AB-MRI.
The possibility of delayed diagnosis of breast cancer should
be noted in the interpretation of AB-MRI with single first
post-contrast images. Further study is needed to determine
the diagnostic value of the addition of more than one
postcontrast series in AB-MRL.
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