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ORIGINAL ARTICLE

Is evaluation of the presence of prepectoral edema on T2-weighted
with fat-suppression 3 T breast MRI a simple and readily
available noninvasive technique for estimation of prognosis

in patients with breast cancer?
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Abstract

Background The specificity of breast MRI is only mod-
erate. The unsatisfactory specificity of breast MRI has
prompted evaluation of high signal intensity (SI) on T2-
weighted imaging (T2WI). The purpose of the study was to
investigate the prevalence of prepectoral edema determined
using high SI on T2WI with fat-suppression 3 T MRI and
to correlate its presence with prognostic factors of breast
cancer.

Methods The retrospective study comprised 589 consec-
utive histopathologically confirmed lesions, 460 malignant
and 129 benign, identified by 3 T MRI. Presence of pre-
pectoral edema was evaluated on T2WI with fat suppres-
sion, and its diagnostic value for malignancies and
correlation with clinicopathological findings in histopa-
thologically confirmed breast cancer were assessed.
Results Prepectoral edema was present in 54 of the 460
breast cancers (9 % of the total 589) and none of the 129
benign lesions. Its sensitivity and specificity were 12 and
100 %, respectively. The positive predictive value was
100 %. Young age (p =0.01), large tumor size
(p < 0.0001), high histological grade (p < 0.0001), inva-
sive ductal carcinoma (p < 0.0001), high lymphovascular
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invasion degree (p < 0.0001), high axillary lymph node
positivity (p < 0.0001), high inflammatory breast cancer
rate (p < 0.0001), high neoadjuvant chemotherapy rate
(» <0.0001), and chemoresistant breast cancers
(p < 0.0001) were significantly associated with prepectoral
edema. There was no association of the morphological
lesion type on MRI and dynamic enhancement imaging
pattern with the presence of prepectoral edema.
Conclusion Prepectoral edema has low prevalence but is
specific for breast cancer and correlated with prognostic
factors.

Keywords 3-T - Breast - MRI - T2-weighted image -
Prepectoral edema

Introduction

Recently, 3.0-T breast MRI has become more widely used
in routine clinical settings [1-6]. The signal-to-noise ratios
of the 3.0-T MRI unit can result in higher spatial resolution
and faster imaging times for breast MRI. Nevertheless,
even with the use of 3 T MR, it is often not possible to
differentiate malignant from benign lesions on the basis of
kinetic and morphological descriptors alone. The specific-
ity of 3 T breast MRI is only moderate, ranging from 72 to
94 % [1-4]. Recently, the unsatisfactory specificity of
breast MRI has prompted evaluation of high signal inten-
sity (SI) on T2-weighted imaging (T2WI) [6—14].

Edema, defined as high SI on T2WI, is a useful breast
MRI finding. Prepectoral edema can be particularly valu-
able because it is a very important MRI finding for
inflammatory breast cancer (IBC) [14—17]. Several reports
have indicated that prepectoral edema is a specific MRI
finding of IBC [14—17], although prepectoral edema is also



Breast Cancer (2014) 21:684-692

685

observed for some locally advanced breast cancers and
acute mastitis [15, 16]. Moreover, a recent study reported
that the presence of prepectoral edema on T2WI is an
important finding that should suggest the diagnosis of
occult IBC before pathological examination [18]. No
reported studies have addressed its prevalence and pre-
dictive value. Therefore, prepectoral edema has not yet
been found useful as a diagnostic characteristic on breast
MRI

The purpose of this study was to investigate the preva-
lence of prepectoral edema determined using high SI on
T2WI with fat-suppression 3 T breast MRI and correlate its
presence with prognostic factors of breast cancer.

Materials and methods
Patients and lesions

We recorded extensive information from breast MRI
examinations in our database according to the BI-RADS
MRI lexicon [19]. We also recorded the presence of pre-
pectoral edema as high SI on T2WI. From March 2010
through October 2011, 915 breast MRI at 3-T studies were
conducted because of either clinically suspicious findings
or mammographically and/or ultrasonographically abnor-
mal findings. The criteria for selection included histopa-
thologically confirmed lesions. On the basis of this
criterion, a computer search of the database at our institute
found 589 consecutive histopathologically confirmed
lesions identified by 3 T breast MRI in 582 patients (6
patients had bilateral breast cancer and 1 patient had
bilateral benign lesions; mean patient age was 54 years,
range 26-87 years). Histopathological analysis of 589
lesions revealed 460 malignant and 129 benign lesions. The
460 malignant lesions included 342 invasive ductal carci-
nomas, 17 invasive lobular carcinomas, 78 ductal carci-
noma in situ (DCIS), nine mucinous carcinomas, Six
tubular carcinomas, three medullary carcinomas, two
metaplastic carcinomas, one apocrine carcinoma, one
invasive micropapillary carcinoma, and one adenoid cystic
carcinoma. The 129 benign lesions included 54 fibrocystic
changes (mainly ductal hyperplasia without atypia), 45 fi-
broadenomas, 10 intraductal papillomas, four multiple
micropapillomas, three adenomas, three complex scleros-
ing lesions, two benign phyllodes tumors, two hamartomas,
two cases of mastitis, two cases of atypical lobular
hyperplasia, one xanthogranuloma, and one granular cell
tumor. The histopathological diagnoses of the 589 lesions
were established by core biopsy (n = 56), vacuum-assisted
biopsy (n = 19), or surgery (n = 514). All diagnostic
intervention was performed after MRI examination to
avoid confounding features, for example inflammation and

hemorrhage. The protocols for this retrospective study
were approved by the institutional review board. All
patients provided written informed consent for review of
their medical records, files, and diagnostic images.

MRI technique

Breast MRI examinations were performed using a 3 T MRI
unit (Achieva 3.0 T TX; Philips Medical Systems, Best,
The Netherlands). Commercially available dedicated
16-element SENSE-compatible breast surface coils, mul-
tiple transmit parallel radiofrequency technology, and
sophisticated image-based shimming software were used
with the 3 T MRI unit. Our imaging protocol includes a
localizing sequence followed by bilateral fast spin-echo
T2WI (TR/TE: 6072/90 ms, echo train length = 15,
matrix = 400 x 295) with fat suppression by spectral
attenuated inversion recovery. Other settings were field of
view = 330 mm, section thickness = 3 mm, and interslice
gap = 0.6 mm. This examination was followed by com-
bined dynamic contrast-enhanced bilateral axial breast
imaging for high spatial and temporal resolution and uni-
lateral sagittal breast imaging for in-plane and through-
plane high spatial resolution with an active fat-suppression
protocol. The dynamic contrast-enhanced breast MRI
protocol consisted of six parts [5, 6]. An enhanced T1-
weighted high-resolution isotropic volume examination
(eThrive) 3D gradient echo sequence with active fat sup-
pression was performed before and after contrast material
injection. The image settings were: TR/TE/FA, 3.4 ms/
1.8 ms/10°; FOV, 33 x 33 cm; matrix, 400 x 320; section
thickness, 1.8 mm interpolated to 0.9 mm; and acquisition
time, 56 s. The temporal resolution was 60 s per dynamic
acquisition. The dynamic study in the axial plane was
performed before, then 60, 120, and 300 s after, initiation
of intravenous injection of 0.1 mmol/kg gadopentetate di-
meglumine (Magnevist, Bayer Schering Pharma) at a rate
of 2 mL/s, followed by 20-mL saline flush at a rate of
2 mL/s. In addition, contrast-enhanced unilateral sagittal
breast imaging studies of the breast on the diseased side
and the contralateral breast with an eThrive 3D gradient
echo imaging studies with active fat suppression, for in-
plane and through-plane high spatial resolution, were per-
formed 180 and 360 s after initiation of the intravenous
injection. The image settings were: TR/TE/FA, 3.9 ms/
1.9 ms/10°; FOV, 20 x 20 c¢m; matrix, 256 x 230; section
thickness, 1.0 mm interpolated to 0.5 mm; and acquisition
time, 119 s. The temporal resolution was 60 s.

MRI interpretation

We recorded extensive information from breast MRI
examinations in our database. Results were based on data
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extracted from this clinical database and included detailed
imaging characteristics of lesions according to the BI-
RADS MRI lexicon [19], presence of prepectoral edema as
high SI on T2WI [14—17], and histopathological results. On
T2WI, the presence or absence of prepectoral edema,
defined as SI similar to that of water, in the area in front of
the pectoral muscle, was assessed (Figs. 1, 2) [14-17].
Visual analysis of the time course of enhancement in the
three dynamic phases in the axial plane was performed, and
findings were categorized according to the BI-RADS MRI
lexicon [19]. All breast MRI examinations were prospec-
tively interpreted by an experienced radiologist with
12 years of breast MRI experience, who was informed
about the patients’ clinical course and imaging history,
including mammograms and ultrasound examinations of
the breasts.

Axillary ultrasound examination

Axillary lymph node ultrasonography (US) using
4-14 MHz linear transducer was performed with one of the
three US units (LOGIQ 9; GE Medical Systems, Milwau-
kee, WI, USA; Aplio XG SSA-790A, Toshiba, Tokyo,
Japan; or ProSound F75, Hitachi-Aloka, Tokyo, Japan). US
was performed by one of four US technologists with
8-10 years of experience in breast US. US results were
considered positive if cortical thickening (including loss of
hilum) and/or nonhilar blood flow to the cortex were
observed. Cortical thickening, either diffuse or focal, was
defined as a maximum cortical thickness equal to or greater
than the width of the fatty hilum [20]. US findings were
interpreted by an experienced radiologist with 20 years of
breast US experience and one of four US technologists who
did the axillary lymph node US examination.

Pathological examination

Samples for histopathological examination were prepared
by making serial 5-mm slices of breast-conserving surgical
specimens and 5-10-mm slices of mastectomy specimens.
All surgical specimens were sliced perpendicular to an
imaginary line from the nipple to the axilla. Histological
diagnoses were made by one pathologist with 17 years of
experience in breast histology. Hematoxylin and eosin
staining was used to assess lymphovascular invasion at the
periphery of the tumor as a standard pathological evalua-
tion. Special immunostaining markers were not used to
identify endothelial cells as part of the routine pathological
evaluation. The degree of lymphovascular invasion was
subjectively divided into four grades:

@ Springer

Fig. 1 40-year-old woman with 87 mm high-grade invasive ductal
carcinoma and marked lymphovascular invasion with six positive
axillary lymph nodes. a Axial contrast-enhanced MR image in the late
dynamic phase shows segmental enhancement in the middle region of
the left breast. Skin thickening and skin pathological enhancement are
not visualized. b Axial T2-weighted image with fat suppression
shows prepectoral edema defined as high signal intensity in the area in
front of the left pectoral muscle. Faint subcutaneous edema also is
visualized. ¢ Axial contrast-enhanced MR image in the late dynamic
phase shows some left axillary lymphadenopathy. d Photomicrograph
of a histological specimen shows intraductal component (asterisk) and
marked lymphovascular invasion (arrows) of the tumor cells (H&E
stain; x20)
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Fig. 2 60-year-old woman with 18 mm intermediate-grade invasive »

ductal carcinoma and marked lymphovascular invasion with one
positive axillary lymph node. a Axial contrast-enhanced MR image in
the early dynamic phase shows a spiculated enhancing mass in the
upper region of the left breast. Skin thickening and skin pathological
enhancement are not visualized. b Axial T2-weighted image with fat
suppression shows prepectoral edema defined as high signal intensity
in the area in front of the left pectoral muscle (arrows). No
subcutaneous edema is visualized. ¢ Axial contrast-enhanced MR
image in the early dynamic phase shows symmetrically normal
axillary lymph nodes (arrows). US axillary examination findings were
normal. d Photomicrograph of a histological specimen shows marked
lymphovascular invasion (arrows) of the tumor cells (H&E stain;
x 10)

ly O (no lymphovascular invasion);

ly 1 (minimal lymphovascular invasion);

ly 2 (moderate lymphovascular invasion); and
ly 3 (marked lymphovascular invasion).

For breast cancers resected after neoadjuvant chemo-
therapy (NAC), the histological therapeutic effects were
determined according to the criteria established by the
Committee for Production of Histopathological Criteria for
Assessment of Therapeutic Response of the Japanese
Breast Cancer Society [21]. The histological therapeutic
effect was classified into one of four categories:

— Grade 0, no response or almost no change in cancer
cells after treatment;

— Grade 1, slight response defined as mild changes in
cancer cells, irrespective of extent, or marked changes
in fewer than one-third of cancer cells, or marked
changes in one-third or more but fewer than two-thirds
of cancer cells;

— Grade 2, marked response defined as marked changes
in two-thirds or more of tumor cells with apparent
remaining cancer cells or marked changes approaching
a complete response with only a few remaining cancer
cells; and

— Grade 3, complete response defined as necrosis and/or
disappearance of all tumor cells and/or replacement of
cancer cells by granulation and/or fibrosis [21].

Breast cancer was divided into two types, according to
histological therapeutic effect:

— chemosensitive breast cancer was defined when the
histological therapeutic effect was evaluated as Grade 2
or 3; and

— chemoresistant breast cancer was defined when the
histological therapeutic effect was evaluated as Grade 0
or 1.

Statistical analysis

For analysis of dichotomous variables in different groups, we
used the Chi-squared and Fisher exact tests. The Student

t test was used to analyze the significance of age and tumor
size. The SPSS 11.0 statistical software package (SPSS,
Chicago, IL, USA) was used to perform all analyses, and
statistical significance was assumed for values of p < 0.05.
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Results
Prevalence and predictive value

Prepectoral edema was present in 54 (9 % of total 589
lesions) of the 460 lesions with breast cancer, but in none
of the 129 benign lesions. All 54 breast cancers were
invasive ductal carcinomas. The resulting sensitivity and
specificity of prepectoral edema were 12 and 100 %,
respectively. The positive and negative predictive values
were 100 and 24 %, respectively.

Clinicopathological findings

Table 1shows the clinicopathological data for breast cancers
with and without prepectoral edema. The mean age of the
patients with breast cancers with prepectoral edema was
significantly lower than that of the patients with breast can-
cers without prepectoral edema (p = 0.01). The mean tumor
size of breast cancers with prepectoral edema was signifi-
cantly larger than that of breast cancers without prepectoral
edema (p < 0.0001). Breast cancers with prepectoral edema
were more likely to be histologically high-grade tumors
(43 %: 23/54 vs. 20 %: 81/406, respectively; p < 0.0001)
than those without prepectoral edema. Among the patho-
logical subtypes, invasive ductal carcinoma (p < 0.0001)
was significantly associated with breast cancers with pre-
pectoral edema. Breast cancers with prepectoral edema were
more likely to have marked/moderate lymphovascular
invasion (48 %: 26/54 vs. 7 %: 29/406, respectively;
p < 0.0001) and axillary lymph node positivity (87 %:47/54
vs. 23 %: 94/406, respectively; p < 0.0001) than those
without prepectoral edema. Of the 47 axillary lymph node-
positive cases, 15 (32 %) gave negative US results. Breast
cancers with prepectoral edema were more likely to be IBC
(p < 0.0001) and to have had NAC (p < 0.0001). Of the 7
marked lymphovascular invasion cases with prepectoral
edema, 5 were IBC and 2 were occult IBC. Of the 2 marked
lymphovascular invasion cases without prepectoral edema,
both had localized marked lymphovascular invasion.

Kinetic and morphological MRI descriptors

There was no association of morphological lesion type on
MRI and dynamic enhancement imaging pattern with
breast cancers with or without prepectoral edema
(Tables 2, 3).

NAC effect

Of the 460 breast cancers, 90 (20 %) had NAC. The his-

tological therapeutic effects showed chemosensitive and
chemoresistant breast cancers in 40 % (36/90) and 60 %
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Table 1 Characteristic of breast cancers with prepectoral edema and
those without prepectoral edema

Breast cancers Breast cancers p value
with prepectoral ~ without
edema prepectoral edema
Characteristic n =54 n = 406
Age (years)® 52 (26-87) 57 (27-87) 0.01
Tumor size 40 (20-87) 24 (5-90) <0.0001
(mm)*
Histological <0.0001
tumor grade
Low 3 (5.5 138 (34)
Moderate 28 (52) 187 (46)
High 23 (42.5) 81 (20)
Histological <0.0001
tumor type
Invasive ductal 54 (100) 288 (71)
carcinoma
Invasive 0 (0) 17 (4)
lobular
carcinoma
DCIS 0 78 (19)
Others 0 (0) 23 (6)
Lymphovascular <0.0001
invasion grade
ly O 0 269 (66)
ly 1 28 (52) 108 (27)
ly 2 19 (35) 27 (6.5)
ly 3 7 (13) 2 (0.5)
Axillary lymph 47 (87) 94 (23) <0.0001
node positivity
IBC rate 50) 0 (0) <0.0001
NAC rate 35 (65) 55 (14) <0.0001

Unless otherwise indicated, data are numbers of lesions, with per-
centages in parentheses

* Data are means, with ranges in parentheses

ly 0, no lymphovascular invasion; ly 1, minimal lymphovascular
invasion; ly 2, moderate lymphovascular invasion; ly 3, marked
lymphovascular invasion; DCIS, ductal carcinoma in situ; IBC,
inflammatory breast cancer; NAC, neoadjuvant chemotherapy

(54/90; Table 4) of the lesions, respectively. Chemoresis-
tant breast cancers were significantly associated with pre-
pectoral edema (p < 0.0001). Most of the breast cancers
with prepectoral edema were chemoresistant (86 %). For
breast cancers without prepectoral edema cases, 24 lesions
were chemoresistant (44 %) and 31 were chemosensitive
(56 %).

Discussion

Edema, defined as high SI on T2WI, is a very important
MRI finding, especially for IBC and occult IBC [14-18].
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Table 2 Comparison of morphological lesion type on MRI between
breast cancers with prepectoral edema and those without prepectoral
edema

Breast cancers Breast cancers p value
with prepectoral without
edema prepectoral edema
Morphological n=>54 n = 406
lesion type on
MRI
Mass 44 (81) 284 (70) 0.078
Non-mass
Focal 2(4) 54 (13)
enhancement
Ductal 0 (0) 72)
enhancement
Segmental 8 (15) 61 (15)
enhancement

Numbers in parentheses are percentages

Table 3 Comparison of dynamic enhancement imaging pattern
between breast cancers with prepectoral edema and those without
prepectoral edema

Breast cancers Breast cancers p value
with prepectoral  without
edema prepectoral edema
Pattern at dynamic n = 54 n = 406
enhancement
imaging
Persistent 8 (15) 109 (27) 0.056
Plateau 18 (33) 107 (26)
Washout 28 (52) 190 (47)

Numbers in parentheses are percentages

Table 4 Histological therapeutic effects with prepectoral edema and
those without prepectoral edema (n = 90)

Breast cancers Breast cancers p value
with prepectoral ~ without prepectoral
edema edema
Effect n=35 n=>55
Chemoresistant <0.0001
Grade 0 0 (0) 0 (0)
Grade 1 30 (86) 24 (44)
Chemosensitive
Grade 2 5(14) 14 (25)
Grade 3 0 (0) 17 (31)

Unless otherwise indicated, data are numbers of patients and numbers
in parentheses are percentages

Grade 0, no response; Grade 1, slight response; Grade 2, marked
response; Grade 3, complete response

Our study also showed that prepectoral edema was sig-
nificantly associated with IBC. Previous studies have
reported that prepectoral edema was closely related to a
dilated lymphovascular system filled with cancer cells in
the retromammary area [16, 17]. Although the primary
lymphatic drainage of the breast is to the axillary lymph
nodes, when it is involved with cancer cells, drainage to the
internal mammary nodes and interpectoral nodes can be the
main lymphatic drainage route [22]. After involvement
with cancer cells, prepectoral edema appears [14, 18].
Lymphovascular invasion has been reported to have
prognostic significance because its presence is most likely
responsible for lymph node metastasis that is the most
important prognostic variable for patients with breast
cancer [23]. Lymphovascular invasion is very useful for
predicting the pathological response and outcome of
patients who receive NAC [24, 25]. In addition, lympho-
vascular invasion is a risk estimation factor for sentinel
lymph node metastasis, but it can be evaluated only after
surgery [26]. Our study showed that a high degree of
lymphovascular invasion was significantly associated with
breast cancers with prepectoral edema. Five out of 26
marked/moderate lymphovascular invasion cases were
IBC. Because the remaining 21 marked/moderate lym-
phovascular invasion cases were not IBC, they could not be
precisely estimated as having a marked/moderate degree of
lymphovascular invasion before surgery by clinical exam-
ination, because IBC is a clinical diagnosis characterized
by the presence of such symptoms and signs as erythema,
tenderness, edema, pain, increased cutaneous temperature,
and breast swelling [18]. However, approximately 10 % of
patients do not have clinical signs of IBC, and diagnosis
can be made only on the basis of pathologically proved
dermal lymphovascular invasion. These cases are called
occult IBC [18]. Actually, 5 out of 21 marked/moderate
lymphovascular invasion cases were occult IBC in this
study. Therefore, our study revealed that some marked/
moderate lymphovascular invasion cases cannot show
clinical signs of IBC. In addition, our study also showed
that the presence of prepectoral edema determined from the
T2WI MRI characteristics can indicate marked/moderate
lymphovascular invasion cases without clinical signs of
IBC. The T2WI MRI findings can yield data that could
assist in both pretreatment planning and prognosis for
clinically occult marked/moderate lymphovascular inva-
sion cases before surgery.

As a general rule, the field of view is always limited
when breast coils are used for axillary evaluation, which
can lead to an incomplete evaluation of axillary lymph
nodes. Therefore, use of breast MRI with a breast coil for
evaluation of axillary lymph nodes remains controversial.
However, our study showed that high axillary lymph node
positivity was significantly associated with breast cancers
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with prepectoral edema based on T2WI MRI characteris-
tics. Our study revealed that 15 out of 47 (32 %) axillary
lymph node-positive cases were not diagnosed on US
examination and all 15 cases were not IBC. Therefore, the
15 cases can be predicted as axillary lymph node-positive
on the basis of the presence of prepectoral edema. Thus,
breast MRI without complete bilateral assessment of axil-
lary nodes using only breast coils can predict axillary
lymph node positivity on the basis of the presence of
prepectoral edema determined from T2WI MRI charac-
teristics. Moreover, current conventional anatomical
modalities, for example MRI, computed tomography, and
US, rely on insensitive size and morphological criteria, and
thus, lack the desired accuracy for characterizing lymph
nodes. This is mainly because metastases can be present in
non-enlarged lymph nodes and not all enlarged nodes are
malignant. However, our approach using T2WI MRI
characteristics may be a functional and physiological
assessment of axillary lymph nodes that can be a new
promising functional technique for differentiating meta-
static from inflammatory lymph nodes on breast MRI.

Further, our study showed that other clinicopatholog-
ical findings, for example young age, large tumor size,
high histological grade, invasive ductal carcinoma, and
high neoadjuvant chemotherapy rate were significantly
associated with breast cancers with prepectoral edema.
Younger age has been generally accepted as an inde-
pendent adverse prognostic indicator of survival in breast
cancer [27, 28]. Warwick et al. [29] reported that tumor
size and histological grade at the time of diagnosis have
a lasting effect on subsequent survival. Thus, young age,
large tumor size, and high histological grade are prog-
nostic factors used in routine practice. Therefore, breast
MRI with T2WI can predict those prognostic factors on
the basis of the presence of prepectoral edema. Our
study also showed that non-invasive ductal carcinomas
were not associated with breast cancers with prepectoral
edema. Thus, no association with prepectoral edema in
invasive lobular carcinoma and DCIS might be explained
by a lower incidence of involved axillary lymph nodes
[30]. In addition, our results showed that prepectoral
edema can be used to estimate the response of neoad-
juvant chemotherapy.

As far as we are aware there have been no published
reports addressing the prevalence and predictive value of
prepectoral edema on breast MRI. Our study showed that
prepectoral edema had a prevalence of 9 %, sensitivity of
12 %, and specificity of 100 %. The positive predictive
value was 100 %. Prepectoral edema has limited sensitiv-
ity, but very high specificity and positive predictive value.

Chemoresistance was significantly associated with
breast cancers with prepectoral edema. Most breast cancers
with prepectoral edema were chemoresistant (86 %). Some
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reports have indicated that breast MRI is the most effective
technique for assessing residual disease and monitoring
tumor response [31]. However, the main concern is the
delay between the MRI findings and treatment response of
NAC. Uematsu et al. [32] reported that early MRI pre-
diction of therapeutic efficacy before NAC can assist in
both pre-treatment planning and prognosis, and is an
effective non-invasive imaging technique. The presence of
prepectoral edema based on the baseline T2WI MRI
characteristics before NAC also might predict patients who
will respond.

There was no association of morphological lesion type
on MRI and dynamic enhancement imaging pattern with
breast cancers with or without prepectoral edema. There-
fore, the presence of prepectoral edema can be an inde-
pendent breast MRI predictor of malignancy.

Our study had some limitations such as selection and
sampling biases. First, there were only two mastitis cases,
for which prepectoral edema may be observed [16]. Further
studies are needed to analyze the relationship between
prepectoral edema and a benign inflammatory breast dis-
ease such as acute mastitis. Thus, further validation using
larger study populations and prospective studies is war-
ranted. Second, the MR images were only reviewed by one
experienced radiologist. Third, the study used only visual
assessment of kinetic analysis. A recent study showed
diagnostic accuracy of visual assessment, manual region of
interest (ROI) assessment, and computer-aided diagnosis
(CAD) for kinetic analysis was not based on statistically
significant differences [33]. In addition, one advantage of
visual assessment versus manual ROI assessment is
excellent intra and interobserver reproducibility [34]. ROI
assessment is operator and technique-dependent [35, 36].
However, CAD for kinetic analysis may have diagnostic
benefit in the evaluation of breast lesions without mass
effect [37]. Further validation in prospective studies is thus
warranted. Fourth, lymphovascular invasion was assessed
by hematoxylin and eosin staining, and the extent of
lymphovascular invasion was assessed subjectively. It is
ideal to use immunostaining with D2-40 antibodies to
confirm that lymphovascular invasion identified by hema-
toxylin and eosin staining truly involves tumor lymphatic
emboli [23]; however, this special immunostaining marker
is not used in routine pathological evaluation. The effect of
D2-40 antibody immunostaining should be further vali-
dated in the future.

In conclusion, prepectoral edema as high SI on T2WI
with fat-suppression 3 T breast MRI has low prevalence,
but its presence was highly specific for breast cancer.
Evaluation of the presence of prepectoral edema is a simple
and readily available noninvasive technique for estimation
of prognosis for patients with breast cancer. Prepectoral
edema is especially indicative of extensive lymphovascular
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invasion and high axillary lymph node positivity. The
presence of prepectoral edema based on the baseline T2WI
MRI characteristics before NAC also might predict patients
who will respond to treatment.
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