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Evaluation of Malignant Breast Lesions Using High-resolution
Readout-segmented Diffusion-weighted Echo-planar Imaging:
Comparison with Pathology

Ayami Ohno Kishimoto', Masako Kataoka!’, Mami Ilima'?, Maya Honda',
Kanae Kawai Miyake', Akane Ohashi’, Rie Ota', Tatsuki Kataoka?,
Takaki Sakurai®, Masakazu Toi*, and Kaori Togashi!

Purpose: We aimed to investigate the performance of high resolution-diffusion-weighted imaging (HR-
DWI) using readout-segmented echo-planar imaging in visualizing malignant breast lesions and evaluating
their extent, using pathology as a reference.

Methods: This retrospective study included patients who underwent HR-DWT with surgically confirmed
malignant breast lesions. Two radiologists blinded to the final diagnosis evaluated HR-DWTI independently
and identified the lesions, measuring their maximum diameters. Another radiologist confirmed if those
lesions were identical to the pathology. The maximum diameters of the lesions between HR-DWI and
pathology were compared, and their correlations were calculated using Spearman’s correlation coeflicient.
Apparent diffusion coefficient (ADC) values of the lesions were measured.

Results: Ninety-five mass/64 non-mass lesions were pathologically confirmed in 104 females. Both radiolo-
gists detected the same 93 mass lesions (97.9%). Spearman’s correlation coefficient for mass lesions were
0.89 and 0.90 (P < 0.0001 and 0001) for the two radiologists, respectively. The size differences within 10 mm
were 90.3% (84/93) and 94.6% (88/93) respectively. One radiologist detected 35 non-mass lesions (54.7%) and
another radiologist detected 32 non-mass lesions (50.0%), of which 28 lesions were confirmed as identical.
Spearman’s correlation coefficient for non-mass lesions were 0.59 and 0.22 (P = 0.0002 and 0.22), respectively.
The mean ADC value of mass lesions and non-mass lesions were 0.80 and 0.89 x 10> mm?/s, respectively.

Conclusion: Using HR-DWI, malignant mass lesions were depicted with excellent agreement with the
pathological evaluation. Approximately half of the non-mass lesions could not be identified, suggesting a
current limitation of HR-DWI.

Keywords: breast neoplasms, diffusion weighted magnetic resonance imaging, high resolution, non-mass lesions

evaluation of known breast cancer or suspicious breast

Introduction lesions with inconclusive results from other imaging modali-

Dynamic contrast-enhanced magnetic resonance imaging
(DCE-MRI) is a useful imaging tool for pre-treatment
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ties, with excellent correlation with pathology.! DCE-MRI,
with spatial resolution of <I mm improves detectability and
diagnostic confidence.* However, its specificity is usually
highly variable, which can be a problem.>® In addition, the
use of DCE-MRI in the evaluation of breast cancer patients
during neoadjuvant chemotherapy or in the screening of
high-risk women involves repeated use of gadolinium con-
trast agents. Use of gadolinium contrast agent in cases with
renal impairment carries the potential risk of nephrogenic
systemic fibrosis.” Furthermore, some gadolinium agents
have been claimed to deposit in the brain.® Although no evi-
dence showed harm induced by its deposit, its long-term
effects remain controversial.*~!1

Diffusion-weighted imaging (DWI) is a non-contrast
MRI sequence based on random Brownian motion of water

Magnetic Resonance in Medical Sciences | Vol. 20, No. 2
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molecules.!® Malignant tumors demonstrate higher restriction
in diffusion of water molecules, which leads to high signal
intensities on DWI and low apparent diffusion coefficient
(ADC) values.'* Signal intensity and lesion detection on DWI
are not affected by menopausal status or background paren-
chymal enhancement.'>"'® DWI is commonly added to routine
breast MRI sequences to increase specificity, although it is not
included in BI-RADS (American College of Radiology [ACR],
Reston, VA, USA) lexicon for MRI in its 2013 version.>"
There are also attempts to apply DWI for breast screening.?%2!

Single-shot echo-planar imaging (ss-EPI) is the most
commonly used technique in DWI. However, with conven-
tional ss-EPI, the need to acquire many lines of k-space data
in each shot implies a long time to traverse k-space in the
phase encoding (K)) direction, which in turn leads to signifi-
cant image distortions and piling-up artifacts at areas of rela-
tively modest magnetic field variations, such as near the
nipple, axilla, costophrenic sulci of the lungs, and near biopsy
marker clips. In order to minimize the distortion on DWI,
readout-segmented EPI (rs-EPI) has been developed. rs-EPI
is a multi-shot sequence to reduce echo spacing and the time
taken to traverse k-space in the phase-encoding direction, by
sampling a subset of k-space points in the readout direction
per shot. Another benefit of rs-EPI is the reduction of the T,"
decay artifact (blurring) by shortening the time for readout.
Navigator echoes for phase correction and motion correc-
tions are also incorporated.??

Although acquisition time for rs-EPI is longer than that
of ss-EPI, the advantage of rs-EPI over ss-EPI includes high
diagnostic accuracy for mass lesions in the breast.32
Thanks to recent technical developments, evaluating breast
lesions with high resolution-DWI (HR-DWI) using rs-EPI
with nearly 1 mm spatial resolution is now feasible.?® A pre-
liminary study using HR-DWI for breast lesions demon-
strated detailed morphological features of 18 mass lesions,
while underestimating the size of nine non-mass lesions.?’
We hypothesized that HR-DWI may have potential to allow
more accurate evaluation of breast lesions. We aimed to
examine the performance of HR-DWI using rs-EPI in visual-
izing malignant breast lesions and their extent, using patho-
logical information as a reference.

Materials and Methods

Study population

Our Institutional Review Board approved this retrospective
study. The need for written informed consent was waived
because this is a retrospective study using our clinical MR pro-
tocol including HR-DWI for pre-treatment evaluation of
known breast cancer or suspicious breast lesions with incon-
clusive result from other imaging modalities. One hundred and
four consecutive patients who underwent breast MRI for
known or suspicious breast lesions between July 2015 and
March 2018 were identified using radiology report database
of our institution. Among them, those who subsequently
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underwent surgical treatment and were pathologically con-
firmed as having malignant lesions were included in this study.
Patients who received neoadjuvant chemotherapy or hormonal
therapy prior to surgery were excluded from the study.

MRI protocols

A 3T MRI system (MAGNETOM Prisma: Siemens Health-
care, Erlangen, Germany) with a dedicated 18-channel breast
coil was used for image acquisition. Our routine protocol for
patients with known or suspicious breast lesions included
T,-weighted images (T,WI), T,-weighted images (T,WI),
conventional DWI wusing ss-EPI (b = 0 and
1000 s/mm?), HR-DWI using rs-EPI (abbreviated as HR-DWI
hereafter) (b = 0 and 850 s/mm?), dynamic contrast-enhanced
T, WI, and high-resolution contrast-enhanced T, WI. We used
readout segmentation of long variable echo-trains sequence
for rs-EPI. A unilateral HR-DWI scan for known or suspected
breast malignancy was performed in sagittal orientation. For
HR-DWI, the scan protocol was designed to be nearly iso-
voxel, with voxel size as small as possible while maintaining a
sufficient signal-to-noise ratio (SNR). Number of readout seg-
ments is five and signal averages is one for b = 0 s/mm? and
two for b = 850 s/mm?. Navigator echo was used to correct
phase mismatch in each echo. The diffusion-encoding direc-
tions were three scan trace. The detailed sequences were
shown in Table 1. For dynamic contrast-enhanced T, WI, three
post-contrast acquisitions (at 0—1, 1-2, 5-6 min after gado-
linium injection) were obtained. High-resolution contrast-
enhanced T,WI was obtained 2—5 min after the intravenous
administration of contrast agent. Sagittal reconstruction
images were automatically created. ADC maps of the HR-DWI
were constructed following the logarithmic equation:

(S1/52)

ADC = In ,
(b2-bl)

)

where b1 and b2 are h-values and S1 and S2 are the signal
intensities at the b1 and b2 values, respectively. ADC
maps were automatically created from DWI at » = 0 and
850 s/mm?,

Image interpretation and analysis

Images were interpreted using a workstation (Aquarius Net
Viewer; TeraRecon, Foster City, CA, USA). Two board-
certified radiologists specialized in breast imaging (reader A
with nine years and reader B with 20 years of experience,
respectively) independently read HR-DWI and ADC maps.
The image quality of rs-EPI was compared with that of ss-EPI
in terms of distortion artifacts and were scored separately in
S-point scale; 0 = severe artifacts which may interfere with
diagnostic information, 1 = intense artifact, 2 = moderate
artifact, 3 = faint artifact, 4 = no artifact. In order to evaluate
the diagnostic performance, reader A and B independently
identified breast lesions equivalent to category 4 or 5 according
to BI-RADS MRI lexicon. They had been informed that all the
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3D-VIBE, 3D volumetric interpolated breath-hold examination; DCE-T,WI, dynamic contrast-enhanced T,WI; DWI, diffusion-weighted
image; HR-CE-T,WI, high-resolution contrast-enhanced T,WI; HR-DWI, high resolution-DWI; rs-EPI, readout-segmented echo-planar imaging;
ss-EPI, single-shot echo-planar imaging; T,WI, T,-weighted image; T,WI, T,-weighted image.

images were acquired from patients with malignant lesions,
but were blinded to the final diagnosis including the number
and location of lesions, and the detailed pathological informa-
tion. Lesions with high signal intensity on HR-DWI and low
ADC value were classified into mass lesions or non-mass
lesions by two readers. In case of mixed lesions containing
mass portions and non-mass potions, each reader evaluated
mass portions as “mass lesions” and non-mass portions as
“non-mass lesions” separately. Image analysis was performed
on each lesion. Lesion conspicuity was scored with a 5-point
scale based on signal contrast between lesions and breast
tissue: 0 = not visible, 1 = poor, 2 = average, 3 = good, 4 =
excellent (Fig. 1). To verify the location if the lesions pointed
out by the two readers were identical, the location of each
lesion was recorded by each reader. The maximum diameters
in the image containing the largest area of each lesion were
measured on HR-DWI in sagittal orientation in order to eval-
uate disease extent recognized on HR-DWI.

Another breast radiologist, reader C, with 11 years of
experience, who knew the final pathological results and had
access to all the sequences confirmed whether the two readers
had evaluated the same lesions or not and whether those
lesions identified by the two readers agreed with the surgical
specimen or not.

As an additional analysis, on ADC maps, regions of
interest (ROIs) were placed by reader C in the part of the
lesions where the diffusion appeared maximally restricted.
The mean ADC values were measured by placing a max-
imum of three ROIs of 3 mm diameter on each lesion, and
the lowest value was selected for the analysis. Care was
taken not to place ROIs on areas of necrosis, or background
fat tissue, by referring to all the sequences.
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g Lesion conspicuity=0
& Not visible

Lesion conspicuity=1
Poor

Lesion conspicuity = 2
Average

¥ Lesion conspicuity = 3
Good

# Lesion conspicuity= 4
Excellent

Fig. 1 Lesion conspicuity score. Lesion conspicuity was scored
with a 5-point scale based on signal contrast between lesions and
breast tissue. All images represent malignant lesions (arrows).
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Table 1 The detailed MR imaging protocols
,WI T,WI DWI HR-DWI DCE-T,WI HR-CE-T,WI
Sequence 2D turbo spin 3D-VIBE s-EPI rs-EPI 3D-VIBE wi?h 3D-VIBE wiFh
echo fat suppression fat suppression
Laterality Bilateral Bilateral Bilateral Unilateral Bilateral Bilateral
Orientation Axial Axial Axial Sagittal Axial Coronal
TR/TE (ms) 5500-5660/ 5.0-5.5/ 6300/ 8300/48 3.8-4.0/1.4 4.6/1.80
70-79 2.46 49-50
FOV (mm?) 330x 330 330 %330 330x 185 180 x 145 330 x 330 330x 330
Matrix 448 x 448 384 x 384 162 x 92 166 x 134 384 x 384 512 x 512
(480 x 480)
Slice thickness (mm) 3 1.5-2.5 3 1.5 1 0.8
Slice number 48 96 48 45 144 176
b value (sec/mm?) 0, 1000 0, 850
Total acquisition time (min:sec) 1:30 1:00 1:06 5:15 1:00 2:26
Parallel imaging acceleration 3 3 2 2 3 3
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Pathological evaluation

The corresponding pathology for lesions detected on
HR-DWI was confirmed with gross specimen. In order to
compare with the lesions detected on HR-DWI by the two
readers, the lesions were classified as mass lesions or non-
mass lesions by reader C based on the digital images of gross
specimen attached to the pathological report and consensus
opinion with pathologists when it was difficult to determine,
checking the individual slide if needed. Non-mass lesions
detected on gross specimen were not necessarily intraductal
component, and there were some ductal carcinomas in situ
(DCIS) which formed mass lesions.

The small lesions which were not detected as mass lesion
were included in non-mass lesions. The maximum diameter
of the lesion was also measured based on the digital images
of the gross specimen.

Statistical analysis

The image quality scores of ss-EPI and rs-EPI was compared
using Wilcoxon signed-rank test. For pathologically con-
firmed malignant lesions, detectability, lesion conspicuity,
recognized lesion size/extent, and ADC values on HR-DWI
were evaluated.

The inter-reader variability between two readers for
lesion diameter measured in HR-DWI was evaluated by
calculating intraclass correlation coefficients (ICC). The
level of ICC was defined as follows: very strong, » = 1.0—
0.9; strong, » = 0.9-0.7; moderate, r = 0.7-0.5; and weak,
r < 0.5.28 The correlation between lesion diameters on
pathology and on HR-DWI was evaluated using Spear-
man’s correlation coefficient, due to non-normal distribu-
tion of lesion size. Lesions which both readers identified as
suspicious were included in the analysis. The level of
Spearman’s correlation coefficient was defined as follows:

HR-DW!I Using rs-EPI for Breast

very strong, » = 1.0-0.8; moderately strong, » = 0.8-0.6;
fair, » = 0.6-0.3; and poor, r < 0.3.2 Bland—Altman assess-
ment was used to compare the agreement between lesion
measurements on HR-DWI by two readers and pathological
diameters, regarding mass lesions and non-mass lesions.
All tests were two-sided with a significance level of P <
0.05. Statistical analysis was performed with JMP Pro 14
(SAS Institute, Cary, NC, USA) and STATA ver. 13.1 (Stata,
College Station, TX, USA).

Results

Study population
Out of 312 patients undergoing HR-DWI, 104 consecutive
patients (all females, mean age 61.1 years; range 32-85
years) were finally included in the analysis. The detailed
selection process is described in Fig. 2. Among the 104
patients, 94 patients had undergone DCE-MRI and 10
patients had undergone non-contrast MRI. Out of 10 patients
who had non-contrast MRI, six patients had history of
asthma, two patients had renal dysfunction, and two patients
had allergic disease of unknown cause. Although these
patients had no experience of using gadolinium-based agents,
its use was not thought to be clinically indicated.
Ninety-five malignant mass lesions and 64 malignant
non-mass lesions in 104 breasts were pathologically con-
firmed. The mean size and standard deviation (SD) of the
mass lesions was 21.7 = 15.0 mm (range: 5-100 mm), and
the mean size and SD of the non-mass lesions was 29.4 +
24.7 mm (range: 1-105 mm).

Image quality
The mean and SD of the scores for distortion artifacts on
rs-EPI and ss-EPI were 3.4 £ 0.8 and 2.7 £0.9 (P <0.001) for

Female patients who underwent HR-DWI
from July 2015 to March 2018
(n=312)

Exclusion

Patients with no pathological confirmation
on surgery (n=37)

Patients with pathologically confirmed malignant lesions

(n=275)
Patients with chemotherapy / hormone
therapy (n=171)
Eligible
(n=104)

Fig. 2 Study flowchart showing the patient selection process. HR-DWI, high resolution-diffusion-weighted imaging.
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reader A and 3.3 +0.7 and 2.7 £ 0.7 (P < 0.001) for reader B,
which were significantly lower (more severe distortion) on
ss-EPI, compared with rs-EPI in two readers.

Mass lesions

Among the 95 mass lesions, there were 75 invasive carci-
nomas of no special type (NST), five mucinous carcinomas,
two invasive lobular carcinomas (ILC), two carcinomas with
apocrine differentiation, five other invasive carcinomas of
special type, five DCIS, and one intraductal papillary carci-
noma. Detailed lesion characteristics are summarized in
Table 2.

Both readers detected the same 93 out of 95 pathologi-
cally confirmed mass lesions on HR-DWI. Reader A and B
classified 85 (91%) and 87 (94%) lesions as masses on
HR-DWI, respectively. An example of a typical case of mass
lesion is shown in Fig. 3. The two lesions, which both readers
failed to detect, were located near the axilla (one lesion) or
not detected due to poor fat suppression (one lesion). Mean
conspicuity of mass lesions was scored as 3.5 + 0.9 and
3.5 £ 0.8 for reader A and B, respectively.

The ICC between lesion diameters measured by the two
readers was 0.98 (n = 93), indicating very strong correlation.
A scatterplot shows linear correlation between pathological
diameters and the lesions diameters measured by the two

208

Table 2 Pathology of the lesions

Mass Non-mass
(n=95),n (%) (n=64),n (%)

Invasive carcinoma (NST) 75 (78.9) 22 (34.4)
Mucinous carcinoma 5(5.3) 0(0)
Invasive lobular carcinoma 2(2.1) 5(7.8)
Carcinoma with apocrine 2(2.1) 0 (0)
differentiation
Invasive papillary carcinoma 1(1.1) 0(0)
Invasive micropapillary 1(1.1) 0(0)
carcinoma
Solid papillary carcinoma 1(1.1) 0(0)
Adenoid cystic carcinoma 1(1.1) 0 (0)
Metaplastic carcinoma 1(1.1) 0 (0)
Tubular carcinoma 0 (0) 2(3.2)
Ductal carcinoma in situ 5(5.3) 34 (53.1)

High nuclear grade 4(4.2) 14 (21.9)

Intermediate nuclear grade 1(1.1) 16 (25.0)

Low nuclear grade 0 (0) 4(6.3)
Intraductal papillary carcinoma 1(1.1) 0(0)
Intra-mammary lymph node 0 (0) 1(1.6)

metastasis

NST, no special type.

Fig. 3 Malignant mass lesion in a
68-year-old patient. (@) A lesion with
high signal intensity on HR-DWI (b =
850 s/mm?) was detected. Both readers
classified it as a mass lesion and mea-
sured it as 19 mm. (b) The lesion showed
low ADC value. The mean ADC value of
lesion was 0.669 x 10~ mm?/s. (c) High-
resolution  contrast-enhanced T,WI
showed a mass lesion with rim enhance-
ment. (d) The diagnosis was invasive
carcinoma (NST) with DCIS of interme-
diate nuclear grade. The pathological
maximum diameter of the lesion was
22 mm. The lesion outlined in blue cor-
responds to invasive carcinoma (NST)
and those outlined in yellow correspond
to DCIS of intermediate nuclear grade.
ADC, diffusion coefficient; DCIS, ductal
carcinomas in situ; HR-DWI, high reso-
lution-diffusion-weighted imaging; NST,
no special type.

Magnetic Resonance in Medical Sciences
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readers on HR-DWI (Fig. 4). Spearman’s correlation coeffi-
cients were 0.89 (P < 0.0001) and 0.90 (P < 0.0001), respec-
tively. Differences in size measured on HR-DWI and the
pathology are shown in Table 3. Both readers tended to under-
estimate the size of mass lesions. Size differences of <10 mm
were 90.3% (84/93) and 94.6% (88/93) for reader A and B,
respectively, and size differences of <5 mm were 74.2%
(69/93) and 77.4% (72/93) for reader A and B, respectively.

Bland—-Altman plots for measured parameters are pro-
vided in Fig. 5, showing the agreement between lesion meas-
urements on HR-DWI by two readers and pathological
diameters. Size difference between HR-DWI and pathology
was within 10 mm for mass lesions up to 40 mm in size. For
lesions over 40 mm, HR-DWI tended to underestimate
lesion size.

The mean and SD of ADC value in malignant mass
lesions was 0.80 £ 0.24 x 1073 mm?/s, which was calculated
from the 93 out of 95 lesions where ROIs were able to be
placed.

Non-mass lesions
Among 64 non-mass lesions, there were 22 invasive carci-
nomas (NST), five ILC, two tubular carcinomas, 34 DCIS
and one intra-mammary lymph node metastasis from ipsilat-
eral breast cancer. Detailed lesion characteristics are sum-
marized in Table 2.

Out of 64 pathologically confirmed non-mass lesions,
reader A detected 35 lesions (54.7%) and reader B detected 32
lesions (50.0%), of which 28 lesions (43.8%) were confirmed
as identical. An example of a typical case of a malignant non-
mass lesion is shown in Figs. 6 and 7. Both readers classified
all the detected lesions as non-mass lesions on HR-DWI
(100%). Lesion conspicuity of non-mass lesions was scored
as 2.8 £ 0.8 and 2.9 £ 0.8 for reader A and B, respectively.

In some non-mass lesions, HR-DWI seemed to be supe-
rior to DCE-MRI as the lesions were difficult to distinguish

HR-DW!I Using rs-EPI for Breast

from background parenchymal enhancement (BPE). The
typical case is shown in Fig. 8.

The ICC between lesion diameters measured by the two
readers was 0.92 (n = 28). A scatterplot shows the correlation
between pathological diameters and the lesion diameters
measured by the two readers (Fig. 9). Spearman’s correlation
coefficients were 0.59 (P = 0.0002) and 0.22 (P = 0.22)
respectively, indicating fair-to-poor correlation. Size differ-
ences of non-mass lesions between HR-DWI and pathology
are shown in Table 4. Both readers tended to underestimate
non-mass lesion size in lesions >10 mm.

Bland—Altman plots for measured parameters are pro-
vided in Fig. 10, showing the agreement between lesion
measurements on HR-DWI by two readers and pathological
diameters. The size of non-mass lesions showed wider range
compared with mass lesions.

The mean and SD of ADC value in malignant non-mass
lesions was 0.89 £ 0.18 x 1073 mm?/s, which was calculated
from 39 out of 64 lesions where ROIs were able to be placed.

Table 3 Differences in lesion diameters between pathology
and HR-DWI among mass lesions by two readers

Difference in Reader A Reader B
lesion diameters™  (n=93), n (%) (n=93), n (%)
<-10 mm 7 (7.5) 4 (4.3)
<—=10 mm, <=5 mm 17 (18.3) 17 (18.3)
<=5 mm, <0 mm 49 (52.7) 49 (52.7)
<0 mm, <5 mm 15 (16.1) 18 (19.4)
<5 mm, <10 mm 1(1.1) 4 (4.3)
>10 mm 4 (4.3) 1(1.1)

Data are numbers of lesions, with percentage in parentheses
unless indicated otherwise. "Differences in lesion diameters are
calculated as “lesion diameter on HR-DWI” minus “lesion diam-
eter on pathology”. HR-DWI, high resolution-diffusion-weighted
imaging.

a b
100 100
£ E
£ £
= 80 o 80 Fig. 4 The scatterplot
= % showing the correlation
% 60 g 60 between patholog}cal dia-
5 2 meters of mass lesions and
- — diameters measured on
S 40 8 40 HR-DWI for reader A (a)
2 20 and B (b). Lesions that each
E ) reader did not recognize as
= 20 % 20 suspicious were excluded
o o and finally the same 93
0 - lesions detected by both
0 20 40 60 80 100 0 20 40 60 80 100 readers were included.
. . . : HR-DWI,  high resolu-
Lesion size on HR-DWI (mm) Lesion size on HR-DWI (mm) tion-diffusion-weighted
Reader A Reader B imaging.
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Fig. 5 Bland-Altman plots
of agreement between
lesion diameters measured
on HR-DWI by reader A

Ry . (@ and reader B (b) and
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Difference of mass lesion size on HR-DWI measured by Reader A

and pathological diameter
Difference of mass lesion size on HR-DWI measured by Reader B

and pathological diameter

-40
0 20 40 60 80 100

-40
0

Mean of mass lesion size on HR-DWI measured by Reader A

Discussion

Our study showed that malignant mass lesion estimates by two
readers agreed with pathological findings in terms of max-
imum diameter. In approximately 90% of lesions, the discrep-
ancy in diameter of tumors between HR-DWI and the
pathological specimen was within 10 mm, suggesting favorable

210

Mean of mass lesion size on HR-DWI measured by Reader B
and pathological diameter

v .. regarding mass lesions. The

: horizontal straight line and

. the two dotted lines above/

below it indicates the mean

difference plus/minus 1.96

times the standard devi-

ation of the differences

= 73 = = wo  respectively. HR-DWI,

high  resolution-diffusion-
weighted imaging.

Fig. 6 Malignant non-mass lesions in
a 53-year-old patient. (@) A lesion with
high signal intensity on HR-DWI (b =
850 s/mm?) was detected. Both read-
ers classified it as a non-mass lesion
and reader A measured it as 40 mm
and reader B measured it as 42 mm.
(b) The lesion showed low ADC value.
The mean ADC value of the lesion was
0.779 x 107 mm?/s. (c) High-resolution
contrast-enhanced T,WI showed a non-
mass lesion with segmental distribution
and clustered ring-pattern enhancement.
(d) The diagnosis was high grade DCIS
with invasion, and the depth of invasion
was 2 mm. The pathological maximum
diameter of the lesion was 50 mm.
Lesions outlined in blue correspond to
invasive carcinoma (NST) and those out-
lined in pink correspond to DCIS of high
nuclear grade. ADC, apparent diffusion
coefficient; DCIS, ductal carcinomas
in situ; HR-DWI, high resolution-diffu-
sion-weighted imaging; NST, no special
type; TIWI, T1-weighted image.

agreement. When more strict criteria of discrepancy within
5 mm were used, approximately 70% of lesions still fell into
this category. These results indicate the satisfying performance
of HR-DWI in estimating size of mass lesions.

While most previous papers focused on ADC values
obtained from DWI, there are a few reports concerning mor-
phological assessment of breast lesions using ss-EPI with an
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Fig. 7 Malignant mixed-type lesions (lesions including mass and non-mass portions on pathology) in a 54-year-old patient. (a) A lesion
with high signal intensity on HR-DW!I (b = 850 s/mm?) was detected. Both readers classified it as a mass lesion. Reader A measured it as
12 mm and reader B measured it as 11 mm. (b) The lesion showed low ADC value. The mean ADC value of the lesion was 0.790 x
1072mm?/s. (c) High-resolution contrast-enhanced T,WI showed a mass lesion with spiculated margins and rim enhancement. (d) The
diagnosis was invasive carcinoma (NST) with DCIS of intermediate nuclear grade. The pathological diameter of the NST component
forming mass lesion was 11 mm and its DCIS component forming non-mass lesion was 25 mm. Both readers could not detect the DCIS
component and ADC values could not be measured. The lesion outlined in red corresponds to invasive carcinoma (NST) and those out-
lined in green correspond to DCIS of high nuclear grade. ADC, apparent diffusion coefficient; DCIS, ductal carcinomas in situ; HR-DWI,

high resolution-diffusion-weighted imaging; NST, no special type; T,WI, T,-weighted image.

1.5T MRI scanner.’*3! Another report showed the additive
diagnostic value in analysis of breast lesion using rs-EPI
(voxel size: 2.1 x 1.8 x 4.0 mm?) with a 3T MRI scanner.?
These previous reports pointed out the value of less-distorted
DWI. Considering that DWI with rs-EPI has the advantage
of less distortion compared with ss-EPI in our study, which
aligned with the previous study,*? adding HR-DWI to routine
study using DCE-MRI may be expected to provide more
detailed information with improved image quality.

For non-mass lesions, approximately half of the malig-
nant lesions were depicted clearly, with very strong inter-
reader agreement. Certain non-mass lesions were difficult to
identify on HR-DWI, probably because DCIS or invasive
lesions which do not form masses are not clearly identifiable
on macroscopic examination of the resected specimen.’? The
correlation between diameters measured on HR-DWI and the
pathology was not high. In case of large non-mass lesions,
the measurement of the lesions performed on sagittal plane

Vol. 20, No. 2

of HR-DWI may not reflect the maximum diameters meas-
ured on gross specimen. In addition, there is a possibility that
whole lesion could not be visualized due to low cell density
of peripheral part in such large non-mass lesions.

There have been few reports regarding assessment of non-
mass lesions with DWI so far. Using conventional DWI,
Radovic et al. included non-mass lesions in their study of mor-
phological evaluation of breast cancer. However, they did not
perform the statistical analysis for the smaller lesion subgroup
(<2 cm) due to the lower number of complete observer agree-
ments for this lesion size.® In that respect, our study can be
valuable evidence, performing detailed assessment of non-mass
lesions with HR-DWI, including comparison with pathology.

The mean ADC values in our study were lower than in pre-
vious reports. It is true that the direct comparison is limited as
these reports used different acquisition methods;!>33*35 however,
there are some reports referring that ADC values obtained on
rs-EPI was lower than that on ss-EP1.3%%7 This discrepancy may
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Fig. 8 Malignant non-mass lesions in a 47-year-old patient. (@) A lesion with high signal intensity on HR-DWI (b = 850 s/mm?) was detected.
Both readers classified it as a non-mass lesion and reader A measured it as 47 mm and reader B measured it as 53 mm. (b) The lesion showed
low ADC value. The mean ADC value of the lesion was 0.738 x 107> mm?/s. (c) High-resolution contrast-enhanced T, WI showed a non-mass
lesion with segmental distribution and clumped-pattern enhancement. However, the lesion is difficult to distinguish from BPE especially in
the lower part of the breast tissue. (d) The diagnosis was DCIS of intermediate nuclear grade. The pathological maximum diameter of the
lesion was 73 mm. The discrepancy with lesion size in HR-DW!I is suspected that the lesion extended widely in the horizontal direction.
Lesions outlined in yellow correspond to DCIS of intermediate nuclear grade. ADC, apparent diffusion coefficient; BPE, background paren-
chymal enhancement; DCIS, ductal carcinomas in situ; HR-DWI, high resolution-diffusion-weighted imaging; T,WI, T,-weighted image.

a 120 b 120
£ 100 €100
= &=
e s Fig. 9 The scatterplot show-
% 80 % 80 ing the correlation between
£ £ pathological diameters of
% 60 % 60 non-mass lesions and diam-
— — eters measured on HR-DWI
.S 40 ,S 40 for reader A (a) and B (b).
S 2D Lesions which each reader
E . = . did not recognize as suspi-
= 20 P =2 920 /'/. cious were excluded, and
a . a T finally 35 lesions detected
g 2= . 0o " . by reader A and 32 lesions
0 20 40 60 80 0 20 40 60 80  detected by reader B
Lesion size on HR-DWI (mm) Lesion size on HR-DWI (mm) ﬁv.ere included. HR-DWI,
igh  resolution-diffusion-
Reader A Reader B

weighted imaging.

212 Magnetic Resonance in Medical Sciences




K oF

KYOTO UNIVERSITY

A Self-archived copy in
Kyoto University Research Information Repository
https://repository.kulib.kyoto-u.ac.jp

RBAEFHERY LS b

KURENAI

Kyoto University Research Information Repository

il

be explained by the high spatial resolution of our protocol,
which helps to delineate extent of the lesions and enabled us to
place ROIs onto the lesions accurately without including ADCs
of background mammary gland. Conversely, lower SNR due to
a smaller excitation volume could also have caused ADC
underestimation.’® Lower SNR may also be one of the reasons
why ADC values of approximately 40% of the non-mass
lesions were not able to be measured by reader C. Improvement
in SNR is mandatory for quantitative evaluation in rs-EPI.
Even though, ADC values shown in our study were within the
range of ADC values of the malignant lesions reported in
recently published literature carrying the consensus statement
from the European Society of Breast Imaging (EUSOBI) inter-
national breast DWI working group.®

The results of our study suggest that HR-DWI using
rs-EPI has a potential to evaluate malignant mass lesions with
excellent agreement with pathological evaluation both in
lesion detection and delineation, which may imply the poten-
tial to substitute DCE-MRI. However, some of the non-mass
lesions were challenging to be evaluated on HR-DWI.

Table 4 Differences in lesion diameters between pathology
and HR-DWI among non-mass lesions by two readers

Difference in Reader A Reader B
lesion diameters” (n =35), n (%) (n=32), n (%)
<—=10 mm 17 (48.6) 14 (43.8)
<=10 mm, <=5 mm 3(8.6) 5(15.6)
<=5 mm, <0 mm 5(14.3) 2 (6.3)

<0 mm, <5 mm 6(17.1) 5(15.6)
<5 mm, <10 mm 0 (0) 4(12.5)
>10 mm 4(11.4) 2 (6.3)

Data are numbers of lesions, with percentage in parentheses
unless indicated otherwise. "Differences in lesion diameters
are calculated as “lesion diameter on HR-DW!I” minus “lesion
diameter on pathology”. HR-DWI, high resolution-diffusion-
weighted imaging.
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Considering the risk of missing lesions, preoperative studies
solely using HR-DWI seems out of the question at the moment.
However, HR-DWI has theoretical potential benefit of evalu-
ating treatment response during the course of neoadjuvant
chemotherapy by reducing the use of gadolinium-based agents.
In addition, this technique can potentially be used for the eval-
uation of patients with contraindications against the gado-
linium-based agent, although challenging for non-mass lesions.

Our study has several limitations. First, this was a retro-
spective study with a preliminary investigation of a limited
number of breast lesions. Second, only patients with malig-
nant lesions were included in our study, thus the cancer prev-
alence is different from daily clinical situations, which may
cause potential bias and limit generalizability. The detection
of malignant lesions may not be as good as our study when
applied to the general clinical population. In addition, the
current analysis did not include those that were suspected
malignancy on HR-DWTI but proved to be benign lesions.
Third, there were two mass lesions which were not detected
by HR-DWI. One was located close to the axilla, where DWI
is prone to have poor fat-suppression, and the other was an
image with poor fat-suppression especially in the area of the
lesion location. Fourth, a case of metaplastic carcinoma was
considerably under-measured by 31 and 29 mm on HR-DWI
by the two readers, respectively, in which rapid growth was
confirmed clinically in the period between the MR scan and
the operation. Fifth, we have not performed HR-DWI with
ss-EPI but performed DWI with ss-EPI as a conventional
method, resulting in direct comparison to be limited. As this
study was based on clinical protocols, the additional scan
with longer scan time was undesirable. With previous litera-
ture reporting higher quality of HR-DWI with rs-EPI com-
pared to that with ss-EPI in evaluation of breast cancer,?? we
only used rs-EPI for HR-DWI. Sixth, because of longer scan-
ning time of the HR-DWI with rs-EPI, the coverage of the
scan becomes low and limited to one side (unilateral breast).
The different coverage between rs-EPI and ss-EPI prevented

' Fig. 10 Bland-Altman plots
of agreement between
lesion diameters measured
on HR-DWI by reader A (a)

gt o S —— and reader B (b) and patho-

. . . logical diameter, regarding

Mean of non-mass lesion size on HR-DWT measured by Reader B hi gh
and pathological diameter

non-mass lesions. The hor-
izontal straight line and the
two dotted lines above/
below it indicates the mean
difference plus/minus 1.96
times the standard devi-
ation of the differences
respectively. HR-DWI,
resolution-diffusion-
weighted imaging.
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