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Abstract

Purpose To compare the detectability of unenhanced abbreviated magnetic resonance imaging (MRI) based on diffusion-
weighted imaging (DWI) and abbreviated postcontrast MRI for breast cancer.

Methods The study population consisted of 87 patients undergoing breast MRI between December 2016 and March 2017 in
a clinical setting. All breast MRIs were performed using a 1.5-T MRI scanner with a 16-channel breast radiofrequency coil.
The abbreviated protocols based on DWI (AP1) and postcontrast MRI (AP2) were assessed independently by two radiolo-
gists. Sensitivity and specificity were calculated. Receiver operating characteristic analysis was performed and the areas
under the curves (AUCs) were compared between AP1 and AP2.

Results The study included 87 patients with 89 breast cancer lesions <2 cm in diameter. The sensitivity/specificity for AP1
and AP2 for reader 1 was 89.9/97.6% and 95.5/90.6%, respectively, and those for reader 2 was 95.5/94.1% and 98.9/94.1%,
respectively. The AUCs for AP1 and AP2 for reader 1 were 0.9629 and 0.9640 (p=0.95), respectively, and those for reader
2 were 0.9755 and 0.9843 (p =0.46), respectively.

Conclusions The detectability of the unenhanced abbreviated protocol based on DWI would be comparable to that of abbre-

viated postcontrast MRI for breast cancer.

Keywords Breast neoplasms - Magnetic resonance imaging - Diffusion-weighted image - Protocol - Detection

Introduction

A family history of breast cancer or the presence of a ger-
mline mutation in the BRCA1 or BRCA?2 gene increases the
risk of breast cancer considerably and is often associated
with diagnosis at a young age [1]. Breast magnetic resonance
imaging (MRI) appears to be more sensitive than mammog-
raphy for detecting breast cancer in women with a familial or
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genetic predisposition [1-3]. Breast MRI screening shifts the
distribution of breast cancer toward lower stages and reduces
the fraction of interval cancers [4]. Breast MRI screening is
recommended for women with an approximately 20-25% or
greater lifetime risk of breast cancer, including those with a
strong family history of breast or ovarian cancer and those
who have been treated for Hodgkin’s disease [5]. The full
diagnostic protocol (FDP) of breast MRI typically includes
T1-weighted imaging, T2-weighted imaging with/without
fat saturation, and dynamic contrast enhancing MRI (DCE)
(one precontrast and three to six scans for postcontrast). In
arecent review, the average acquisition time of FDP among
six studies [4, 6—10] was 24 min (range 17-40 min) [11].
However, FDP still takes a long time, including preparatory
time and interpretation of the results.

There have been several recent studies of abbreviated
MRI protocols [4, 6-10, 12—-15]. Abbreviated MRI, which
typically uses shortened dynamic postcontrast images from
the early phase, has been shown to be as effective as FDP [4,
6-9, 12, 13, 15]. The average acquisition time of abbreviated
MRI among six studies was 9 min (range 3—15 min) [11].
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These findings are promising for the development of screen-
ing MRI protocols that are more comfortable for high-risk
women. However, the intravenous contrast media increases
the cost and may increase the examination time or incidence
of adverse effects. Thus, screening breast MRI based on
DCE is not cost-effective for women at intermediate risk,
e.g., those with dense breast tissue as the only risk factor
[11]. In addition, breast MRI is contraindicated in women
with allergy to contrast medium.

Diffusion-weighted imaging (DWI) has been used for
breast MRI. Several studies have shown that the apparent
diffusion coefficient value can differentiate between benign
and malignant tumors [16]. To our knowledge, however,
few studies investigated the feasibility of DWI as a tool for
detection of breast cancer and the sensitivity was different
between the studies [17, 18]. A recent study comparing two
abbreviated protocols based on DWI with background sup-
pression and postcontrast MRI indicated that DWI could
exclude malignancy in women with suspicious screening
mammograms [19]. If the tumor detection of DWI is compa-
rable to that of an abbreviated protocol based on postcontrast
MRI, unenhanced abbreviated MRI for breast cancer would
be practical as a screening tool.

The purpose of this preliminary study was to investi-
gate the detectability of breast cancer between unenhanced
abbreviated MRI based on DWI and abbreviated postcontrast
MRI.

Fig. 1 Patient enrollment 310 patients

biopsy

Materials and methods
Subjects and selection

The study was approved by our institutional review board,
and the requirement for informed consent was waived due
to the retrospective nature of the study. The initial study
population consisted of 310 consecutive patients undergo-
ing breast MRI between December 2016 and March 2017
for evaluation of suspicious findings on screening mam-
mography or ultrasound, extension of breast cancer, detec-
tion of additional lesions, and evaluation of response to
neo-adjuvant chemotherapy. A radiologist with 20 years
of experience in breast MRI reviewed the full diagnostic
MRI and medical charts of the patients. Patient enrollment
is shown in Fig. 1. One hundred and thirty-one patients were
excluded. The same radiologist measured the diameter of
lesions in the remaining 179 patients. Of these, 82 patients
with lesions > 2 cm in diameter were excluded, as invasive
lesions of this size are regarded as large tumors [20] and T1
tumors are <2 cm in diameter. In this study, DCIS >2 cm
was also excluded because they were conspicuous both on
DWI and postcontrast MRI. In the case of multicentric can-
cers, the largest tumor was taken as the representative lesion.
Bilateral breast cancer was found in two patients. The lesion
was counted as one lesion for each side of the breast. There-
fore, the analysis included 99 lesions of breast cancer in 97

Excluded patients

32 patients who had been treated with neoadjuvant chemotherapy

28 patients in whom MR findings appeared to be normal; however, they were
not followed up for more than 2 years.

14 patients who had benign lesions revealed at biopsy

20 patients in whom MR findings were difficult to correlate with the results of

14 patients without follow-up after MR examination

17 patients without pathological result at the time of review
2 patients with postoperative status

3 patients with recurrent tumor

¢ 1 patient in whom the suspicious lesion resolved at the time of

ultrasound-guided biopsy

179 patients

Excluded patients

82 patients with breast cancer > 2 c¢cm in diameter

97 patients
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patients (Fig. 1). The first 10 lesions in 10 patients were
assigned to the preparatory reading session, and the remain-
ing 89 lesions in 87 patients were used for the main reading
session. They comprised 89 breasts with breast cancer and
85 negative breasts.

Clinical manifestations of these 87 patients were as fol-
lows. Forty-six patients were symptomatic and 41 were not.
The symptoms consisted of palpable tumor in 42 patients,
breast pain in 2 patients and nipple discharge in 2 patients.
Eighty-six patients underwent mammography examinations.
Of these, seventy-five patients showed abnormal findings;
mass (n=42), microcalcifications (n=9), mass with micro-
calcifications (n=1), focal asymmetric density (n=19),
architectural distortion (n=15) and mass with architectural
distortion (n=1). All patients demonstrated abnormal find-
ings with ultrasound, which comprised mass (n=78), non-
mass (n=15), mass with calcifications (n=1) and nonmass
with calcifications (n=1).

MRI technique

Breast MRI was performed using a 1.5-T MRI scanner
(Achieva; Philips Healthcare, Best, the Netherlands) with
a 16-channel dedicated breast radiofrequency coil, with the
patient in the prone position. The FDP included fat-sup-
pressed T2-weighted images, T1-weighted images, DWI
with background suppression, dynamic contrast enhanced
(DCE) images, and sagittal postcontrast images. Scanning
parameters are listed in Table 1. The total scan time was
16 min and 30 s. The contrast agent (gadobenate dimeglu-
mine, 0.2 mmol/kg) was injected into an antecubital vein
using an automated injector at a rate of 1 mL/s, followed by
a 20-mL saline flush.

Image reading protocol

Two abbreviated reading protocols were performed: AP1
was based on DWI with a b factor of 1,000 s/mm?, which
included fat-suppressed T2-weighted images and source
and maximum intensity projection (MIP) images of DWI;
and AP2, which included fat-suppressed T2-weighted
images, and the source and MIP images of the second early
phase (60-120 s) on DCE-MRI. ADCmap images were not
included in the AP1 protocol.

The observation order of the 10 patients of AP2 protocol
was the reverse of that used for the AP1 protocol in the
preparatory reading session. In the main reading session,
the observation order of the 87 patients of the AP1 and AP2
protocols was changed at random using a random number
table. The images from the preparatory and main sessions
were transferred to a picture archiving and communication
system (PACS) (Rapideye; Toshiba Medical Systems Co.,

Table 1 Scanning parameters of full diagnostic protocols

Scan time (min:s)

No. of signals Others

acquired

Thickness

Resolution (mm)

Fat suppression ~ FOV (mm)

FA

TR
TE

Orientation

Sequence

Gap (mm)

(msec)

0:30

SENSE x 3

1.2x1.2

300

none

414 90

3.6

Transverse

T1-weighted

Turbo SE

1:30

SENSE X 2.5

300 1.0x1.0

90 SPAIR

3200
70

Transverse

T2-weighted
Turbo SE
DWI

4:00

SENSE x 2

35x%x35

300

STIR

4710 90

77

Transverse

0, 1000, 1500 s/mm?

b=

Echo Planar
Imaging

1:00 (1 phase)

SENSE x 1.8

300 1.0x 1.0

SPAIR

10

5.2
2.5

Transverse

3D-dynamic
contrast

at 0-60 s, 60-120 s, 270-330 s

enhancement
Turbo FE

2:30

Ipsilateral

150 0.7%x0.7 2.2

SPAIR

10

Sagittal 53

Postcontrast-
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Tokyo, Japan). Patient information was deleted and a new
number was noted on the display only.

Image interpretation

Two radiologists with 8 and 15 years of experience in breast
imaging interpreted the image sets. They were aware that
all patients had at least one known breast cancer but were
blinded to the location nor side. Three image types were dis-
played on the monitor. The readers viewed the MIP images
of the DWI or postcontrast MRI first to detect suspicious
findings. They could rotate the MIP images in the horizon-
tal direction. The readers then viewed the fat-suppressed
T2-weighted and source images of DWI or postcontrast MRI
in a synchronized manner. As the readers scrolled through
both images, the line moved on the MIP images according
to the slice position, which enabled the readers to refer to
suspicious findings on the MIP images.

The readers were instructed to complete a checklist for
each breast of the 87 patients, which included intensity of
the background parenchyma, location of the suspicious
lesion, and confidence regarding malignancy scored on a
five-point scale: 1, no suspicious lesion detected; 2, benign
lesion; 3, likely benign lesion but malignant lesion cannot
be excluded; 4, likely malignant lesion; and 5, highly sus-
picious lesion. The point 3 or more was regarded as being
positive. The level of intensity of the background paren-
chyma on postcontrast MRI was determined according to
the Breast Imaging Reporting and Data system (BI-RADS).
The BI-RADS does not define background intensity for DWI
MRI; however, we used a definition similar to that of the BI-
RADS. Finally, the readers were instructed to measure the
observation time for each case.

The AP1 preparatory sessions were assessed first fol-
lowed by the AP2 preparatory sessions, and the main ses-
sions were then read. The AP1 and AP2 sessions were
assessed at 2-week intervals.

Pathological evaluation

The pathological diagnoses were retrieved from the elec-
tronic records of our institution. All tissue specimens were
examined by a pathologist with more than 10 years of
experience in breast pathology. All participants underwent
core-needle breast biopsy according to the location of the
lesion on the screening X-ray mammogram using ultrasound
(US) or conventional X-ray guidance. The final pathologi-
cal diagnoses were made based on surgical specimens for
patients who underwent surgery after the imaging studies.
The core-needle biopsy was considered representative for
patients who refused the surgery or were transferred to other
hospitals. The intrinsic lesion subtype was determined based
on the presence of estrogen receptor (ER), progesterone
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receptor (PgR), and human epidermal growth factor receptor
2 (HER2). ER and PgR were considered positive if >10%
of the nuclei stained positive. HER2 was evaluated using
the HercepTest (Dako, Glostrup, Denmark) and scored on a
scale from O to 3+. Tumors with scores >3 or with a >2.2-
fold increase in HER2 gene amplification, as determined by
fluorescence in situ hybridization, were considered positive
for HER2 overexpression.

Statistical analysis

The distributions of the intensity of background parenchyma
between AP1 and AP2 were examined using Chi-square test.

The sensitivity and specificity of both readers were cal-
culated. Receiver operating characteristic (ROC) analysis
was performed. The areas under the curves (AUCs) of both
readers were calculated for AP1 and AP2. The differences
in the AUCs for the AP1 and AP2 protocols were calculated
for each reader. The interobserver agreements on the five-
point confidence of malignancy scale and the intensity of the
background parenchyma were evaluated using the x-scores.
The reading time for both protocols was assessed using the
paired ¢ test.

JMP Pro 13 software (SAS Institute, Cary, NC) was
used to process the data and perform the statistical analy-
ses. In all analyses, p <0.05 was taken to indicate statistical
significance.

Results
Pathological evaluation

The pathological diagnosis was made by surgery in 63
patients, core-needle biopsy in 23 patients, and US-guided
vacuum-assisted biopsy in 2 patients.

A total of 89 breast cancer lesions were detected. The
histological types of the breast cancer are shown in Table 2.
Most of the lesions were invasive ductal carcinoma (IDC),
and ductal carcinoma in situ (DCIS) accounted for 13% of
the cancer lesions. Most of the lesions were of the luminal
A histological subtype and 10% were HER2-overexpressing
and triple-negative subtypes (Table 2).

Interobserver agreement for intensity
of the background parenchyma

The intensity level of the background parenchyma of AP2
showed a higher grade (p <0.0001) (Table 3). The interob-
server agreement for the AP1 protocol had a « value of 0.45
(95% confidence interval (CI) 0.30, 0.61; p <0.0001), and
the « value for the AP2 protocol was 0.56 (95% CI: 0.42,
0.69; p<0.0001).
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Table 2 Breast cancer histological types and subtypes (n=_89)

Histological types

Invasive ductal carcinoma 69
DCIS 12
Invasive lobular carcinoma 1
Mucinous carcinoma 2
Tubular carcinoma 1
Apocrine carcinoma 1
Invasive micropapillary carcinoma 2
Glycogen-rich clear cell carcinoma 1
Subtypes
Luminal A 48
Luminal B 32
HER2 5
Triple-negative 4

DCIS ductal carcinoma in situ, HER2 human epidermal growth factor
receptor 2

Table 3 Distribution of the intensity of background parenchyma

Level Reader 1 Reader 2
DWI Postcontrast DWI Postcontrast
minimal 43 32 54 50
mild 33 39 21 25
moderate 10 9
marked 1 7 3

Reader 1, Reader 2: Chi-square test, p <0.0001

Tumor locations

Tumors located at the boundary of quadrants were counted
in both quadrants. Thus, the locations of the tumors were as
follows: 29 lesions in the upper inner quadrant, 13 lesions
in the lower inner quadrant, 42 lesions in the upper outer
quadrant, 25 lesions in the lower outer quadrant, and three
lesions in the subareolar area.

Interobserver agreement for the abbreviated
protocols

The overall interobserver agreement for the protocols had a
x value of 0.56 [95% CI: 0.49, 0.62]. The k value for the AP1
(DWI) protocol was 0.55 (95% CI 0.46, 0.64) and that for the
AP?2 (postcontrast) protocol was 0.56 (95% CI 0.48, 0.65).

Detectability of breast cancer by the abbreviated
protocols

When the location of the lesion marked by the readers
in the check sheet was correct and they graded it with a
score >3, the diagnosis was regarded as a true positive.

The sensitivity/specificity of the AP1 and AP2 protocols
for reader 1 was 89.9% (80/89)/97.6% (83/85) and 95.5%
(85/89)/90.6% (77/85), respectively, and those for reader 2
was 95.5% (85/89)/94.1% (80/85) and 98.9% (88/89)/94.1%
(80/85), respectively (Table 4). The sensitivity of the AP2
protocol was higher than that of the AP1 protocol for both
readers, suggesting that more positive findings were detected
with the abbreviated protocol based on postcontrast MRI.
However, the specificity of the AP2 protocol was lower than
that of the AP 1 protocol for reader 1. The accuracy was not
significantly different between protocols. The AUCs for the
AP1 and AP2 protocols for reader 1 were 0.963 and 0.964,
respectively (p=0.95), and 0.976 and 0.984, respectively
(p=0.46), for reader 2 (Table 4).

Both readers detected most of the lesions with each pro-
tocol (Fig. 2). The diameter of tumors on postcontrast MR
ranged from 0.6 to 2 cm (average 1.4 cm). The smallest
tumors detected on AP1 were the two mass lesions 0.6 cm
in diameter. In addition, six mass lesions 0.7 cm in diameter
were detected on AP1. The nine missed tumors on AP1 by
reader 1 and/or 2 ranged in size from 0.8 to 1.9 cm (median
1 cm) in diameter, of which five tumors were 1 cm or less
in diameter. The four tumors missed by reader 1 and/or 2
on AP2 ranged in size from 0.8 to 1 cm (median 1 cm) in
diameter.

In terms of histopathological results, both readers missed
four DCIS lesions with the AP1 protocol (Fig. 3): one with
a Ki-67 index of 20%, and those of the remaining lesions
were < 10%. In addition, reader 1 missed two DCIS lesions
(one high-grade lesion and one with a Ki-67 index of 20%)
and three luminal A subtype IDCs. With the AP2 protocol,
reader 1 missed four DCIS lesions that were also missed

Table 4 Diagnostic ability and reading times for each reader accord-
ing to protocol

AP1 AP2
R1 sensitivity 89.9% (80/89) 95.5% (85/89)
R1 specificity 97.6% (83/85) 90.6% (77/85)

R2 sensitivity 95.5% (85/89) 98.9% (88/89)
R2 specificity 94.1% (80/85) 94.1% (80/85)
R1 AUC* 0.9629 0.9640

R2 AUC® 0.9755 0.9843

R1 reading time(mean)® 13.2s 13.5s

R2 reading time(mean)? 28.4 s 3495

AP abbreviated protocol based on DWI, AP2 abbreviated protocol
based on postcontrast MRI, R/ reader 1, R2 reader 2, AUC area under
the curve

p=0.95

°p=0.46

“Paired ¢ test; p=0.68
dPaired ¢ test; p=0.001
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Fig.2 A 55-year-old woman with ductal carcinoma in situ in the
left breast. Both readers identified the lesion in both protocols. a A
frontal MIP image from DWI (upper) and postcontrast MRI (lower).
The MIP image from DWI showed stippled lesions in the outer
upper quadrant of the left breast (circle). The MIP image from the

with the AP1 protocol and one luminal A subtype IDC.
Reader 2 missed one DCIS lesion that reader 1 missed with
both protocols.

Reading time

The reading time for reader 1 was significantly shorter
than that for reader 2 (mean, 13.5 s vs. 31.8 s, respectively;
p<0.0001). Reader 1’s mean reading times for the AP1
(13.2 s) and AP2 (13.5 s) protocols were not significantly
different (p =0.68), whereas reader 2’s mean reading time
for the AP2 protocol (34.9 s) was significantly longer than
that for the AP1 protocol (28.4 s; p=0.001) (Table 4).

Discussion

We investigated the detectability of breast cancer on abbre-
viated unenhanced breast MRI based on DWI that included
MIPs. Our findings indicated that this technique is compara-
ble with an abbreviated protocol based on postcontrast MRI.

The abbreviated protocol based on postcontrast MRI
(AP2) showed high sensitivity in our study, which was a
little better than the sensitivities ranging from 86 to 92% in
the previous reports [6, 9, 12, 13]. The population that was
known to have breast cancer probably caused this result.

@ Springer
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postcontrast MRI also shows the lesion (circle). b The source image
from DWI (upper) showed a mass in the left breast (circle). The fat-
suppressed T2-weighted image (lower) showed the mass with mixed
hyper- and intermediate intensity (circle)

The previous studies showed that the diagnostic accuracy of
abbreviated postcontrast breast MRI, which typically uses
one early phase dynamic postcontrast image, was similar to
that of a full diagnostic protocol [4, 6,7, 9, 10, 12, 13, 15].
In one of them, the AUCs for abbreviated and full diagnos-
tic protocols were 0.931 and 0.947, respectively [12], sug-
gesting that this technique is a potential screening tool for
women at high risk of breast cancer. However, the procedure
used contrast medium, which requires the presence of medi-
cal personnel to administer and monitor for adverse events,
thus increasing the cost and overall acquisition time.

The detectability of breast cancer on abbreviated unen-
hanced MRI based on DWI was comparable to that of abbre-
viated postcontrast MRI. DWI has been shown to be highly
effective in discriminating malignant lesions from benign
in patients with known breast cancer and clinically suspi-
cious findings [16], implying that DWI may be an effective
screening tool. To our knowledge, however, there have been
few studies regarding the tumor detection on DWI even in
the clinical setting [17, 18]. In one study, the sensitivity was
50% and was not as high as ours. Bickelhaupt et al. [19]
compared the diagnostic abilities of two abbreviated pro-
tocols using the patients with suspicious mammographic
findings. The sensitivity and specificity of the abbreviated
protocol based on DWI were 92 and 94%, respectively, and
those of the protocol based on postcontrast MRI were 85 and



Japanese Journal of Radiology (2018) 36:331-339

337

Fig.3 A 67-year-old female with invasive ductal carcinoma in the
right breast and ductal carcinoma in situ in the left breast. Both read-
ers identified the right lesion but missed the left lesion. a Frontal MIP
image from DWI (upper) and postcontrast MRI (lower). Bilateral
nodular lesion (arrowhead and arrow). b The source image from DWI

90%, respectively. The authors concluded that the abbrevi-
ated non-contrast-enhanced MRI based on DWI was highly
accurate. The sensitivity and specificity on AP1 (based on
DWI) in our study were similar to those of Bickelhaupt et al.
In addition, the sensitivity on AP1 in our study was no worse
than that of full-diagnostic postcontrast MRI (79.5 and 94%)
in the screening setting [1, 3]. Thus, abbreviated unenhanced

..

showed the mass in the right breast (arrowhead) and another mass
in the left breast (arrow). ¢ The fat-suppressed T2-weighted image
(upper) showed a spiculated mass in the left breast (arrow). The spic-
ulated mass (arrow) was more conspicuous on the source image from
postcontrast MRI (lower)

MRI based on DWI could have a potential for screening
breast MRI.

We found that obtaining T2-weighted images with
fat suppression was frequently a useful adjunct to DWI,
although we did not compare the diagnostic abilities of DWI
with T2-weighted images and DWI without T2-weighted
images. Breast cancer typically shows an intermediate
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signal intensity and the margin was more conspicuous on
the fat-suppressed T2-weighted images, enabling the read-
ers to discriminate between cysts and tumors. In a previous
study, T2-weighted images significantly increased lesion
conspicuity but did not alter the detection rate of breast can-
cer in abbreviated postcontrast MRI [10]. We believe that
T2-weighted images are a useful adjunct to DWI, whereas
T2-weighted images may not be necessary for the abbrevi-
ated postcontrast protocol because the source image of post-
contrast MRI shows conspicuous differences between cysts
and tumors. Nevertheless, the overall examination time,
including preparation, should be shorter for the abbreviated
protocol based on DWI than for the abbreviated postcontrast
MRI, which would improve the cost-effectiveness as screen-
ing MRI and access by the women at high or even intermedi-
ate risk of breast cancer.

Although the lesion detectability did not differ sig-
nificantly between our abbreviated protocols, the readers
missed more lesions with the AP1 (DWI) protocol. The
missed tumors on AP1 ranged in size from 0.8 to 1.9 cm,
of which about half tumors were 1 cm or less in diameter.
Most of the missed tumors on AP2 were 1 cm or less in
diameter. This was probably because DWI has lower reso-
lution than postcontrast MRI despite the reduced intensity
of the background parenchyma. Regarding the histopatho-
logical findings, the missed lesions common to both readers
were DCIS. Although DCIS lesions were missed with the
AP2 protocol (postcontrast), this was less frequent than with
the AP1 protocol. Bickelhaupt et al. reported that two read-
ers missed DCIS lesions with both protocols [19]. Given
the current status of breast MRI, missing DCIS lesions is
inevitable. A recent study indicated that surgical treatment
of low-grade DCIS did not improve prognosis [21], and
that BRCA1 mutation carriers did not develop DCIS [22,
23]. The importance of detecting DCIS lesions in high-risk
women may be less than for regular screening. However,
imaging studies cannot definitively distinguish low-grade
DCIS from intermediate- or high-grade DCIS. Furthermore,
our readers missed a small number of high-grade DCIS or
DCIS with Ki-67 index >20%, indicating that it is still
necessary to improve DCIS detection. Moreover, reader 1
missed three luminal A subtype IDCs, which raises concerns
about diagnostic accuracy. Similarly, the readers in the study
of Bickelhaupt et al. missed a few invasive carcinomas [19].
Our findings may be related to the reading method, which
may need to be improved.

Our readers viewed images of three types: fat-suppressed
T2 weighted images, source images of DWI or postcontrast
MRI, and MIPs. We believe that this is a practical approach.
The readers were instructed to use this method and were able
to practice during the preparatory sessions. However, the read-
ing time differed considerably between readers 1 and 2 for
the main sessions. Reader 1 spent less time and missed more
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carcinomas, including three IDCs. It is likely that the results
would have improved if reader 1 had taken more time to read
the images.

Our study had several limitations. First, all patients were
known to have cancer lesions and underwent breast MRI in the
clinical setting. We did not include normally appearing cases
as controls because these patients were not followed up in a
reasonable period. This made us difficult to assess the diagnos-
tic ability of abbreviated protocols and lead to assess the lesion
detectability. Many patients were symptomatic and detected on
other examinations. Although we limited the lesions in small
size <2 cm in diameter, the population was quite different
from the screening setting. This population would have influ-
enced the detection of positive findings. In fact, the sensitivity
and specificity values in our study were similar but slightly bet-
ter than those reported by Bickelhaupt et al. [19]. Second, our
patients were enrolled from a daily clinical practice and may
be different from high-risk women recommended to undergo
annual MR screening based on age, disease distribution, and
the intensity of the background parenchyma. Third, we did not
use ADCmap images. Although ADC value measurement may
help to distinguish between benign and malignant lesions, it
is time-consuming to measure as a screening tool. However,
ADCmap images may be optional if DWI is incorporated into
screening breast MRI.

In conclusion, the detectability of unenhanced abbreviated
breast MRI based on DWI to detect breast cancers <2 cm in
diameter was comparable to that of an abbreviated protocol
based on postcontrast MRI for the population which was
known to have breast cancer. The DWI protocol may have a
potential for screening breast MRI; however, further validation
study is mandatory to demonstrate the feasibility of DWI as a
breast screening tool.
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