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Abstract

Purpose Preoperative breast magnetic resonance (MR)
imaging features of primary breast cancers may have the
potential to act as prognostic biomarkers by providing
morphologic and kinetic features representing inter- or
intra-tumor heterogeneity. Recent radiogenomic studies
reveal that several radiologist-annotated image features are
associated with genes or signal pathways involved in tumor
progression, treatment resistance, and distant metastasis
(DM). We investigate whether preoperative breast MR
imaging features are associated with worse DM-free sur-
vival in patients with invasive breast cancer.

Methods Of the 3536 patients with primary breast cancers
who underwent preoperative MR imaging between 2003
and 2009, 147 patients with DM were identified and one-
to-one matched with control patients (n = 147) without
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DM according to clinical-pathologic variables. Three
radiologists independently reviewed the MR images of 294
patients, and the association of DM-free survival with MR
imaging and clinical-pathologic features was assessed
using Cox proportional hazard models.

Results Of MR imaging features, rim enhancement (hazard
ratio [HR], 1.83 [95% confidence interval, CI 1.29, 2.51];
p = 0.001) and peritumoral edema (HR, 1.48 [95% CI
1.03, 2.11]; p = 0.032) were the significant features asso-
ciated with worse DM-free survival. The significant MR
imaging features, however, were different between breast
cancer subtypes and stages.

Conclusion Preoperative breast MR imaging features of
rim enhancement and peritumoral edema may be used as
prognostic biomarkers that help predict DM risk in patients
with breast cancer, thereby potentially enabling improved
personalized treatment and monitoring strategies for indi-
vidual patients.

Keywords Breast cancer - Magnetic resonance imaging -
Neoplasm metastasis - Prognosis

Introduction

Despite progress in treatment, approximately 20-30% of
early breast cancer patients develop distant metastasis
(DM), which is related to the majority of deaths from
breast cancer [1]. As it is difficult to accurately predict the
risk of DM for individual patients using current prognostic
markers, new biomarkers to stratify breast cancer outcome
are needed to develop individualized therapy [2]. Estab-
lished prognostic markers for DM include a younger age, a
large tumor size, the presence of axillary nodal metastasis,
a high histologic grade, lymphovascular invasion, a high
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Ki-67 index, negative estrogen receptor (ER) expression,
and human epidermal growth factor receptor 2 (HER2)
overexpression [3-6]. Emerging data suggest the impor-
tance of breast cancer gene expression profiles and
immunohistochemical (IHC) information to predict patient
prognosis and guide treatment decisions [7, 8]. Women
with a higher risk of early relapse appear to benefit from
the use of novel or more intensive adjuvant treatment
[9, 10].

Preoperative MR imaging features of primary breast
tumors may have the potential to act as prognostic
biomarkers by providing morphologic and kinetic features
representing inter- or intra-tumor heterogeneity and the
microenvironment [11]. Indeed, prior research has revealed
relationships between MR imaging features, IHC subtypes,
and clinical outcome of breast cancers [12-14]. Particu-
larly, rim enhancement, defined as the strong enhancement
at the periphery of a tumor compared with that at the center
[13]; the presence of peritumoral edema displayed on T2-
weighted images (T2WI) [14]; and the prepectoral location
[15], appeared to be associated with aggressive tumor
biology and a poor outcome. In addition, background
parenchymal enhancement (BPE) was reported as a
potential biomarker for poor outcome [16] and as a guide
for therapy in HR-positive/HER2-negative breast cancer
[17, 18]. However, previous studies of this subject did not
include clinical or pathologically matched controls, used
local or regional recurrence rather than DM as the survival
outcome and included only patients undergoing conserva-
tion surgery or neoadjuvant chemotherapy. Furthermore,
MR imaging features associated with DM-free survival
according to IHC subtypes have not been described.

Therefore, the purpose of our study was to investigate
whether preoperative breast MR imaging features are
associated with worse DM-free survival in patients with
invasive breast cancer.

Materials and methods
Study population

This retrospective study was approved by our institutional
review board, and the requirement for obtaining informed
consent was waived. From a review of our institution’s
database between September 2003 and June 2009, we ret-
rospectively identified 4507 consecutive women who were
newly diagnosed with invasive breast cancers and under-
went preoperative breast MR imaging and treatment in our
institution. Among them, we excluded the following
women: those who had received neoadjuvant chemother-
apy (n = 537) or surgical biopsy (n = 24) prior to MR
imaging; those with incomplete IHC data including HER2
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2+ score without fluorescence in situ hybridization (FISH)
(n = 337); those with synchronous or metachronous con-
tralateral cancer (n = 63); and those with metastatic dis-
ease on presentation (n = 10). Of the 3536 women
(median age, 48.8 years old; age range, 18-85 years old),
147 (4.2%) were identified as having a DM as a first event
without loco-regional recurrence. Distant metastasis did
not include the cases with isolated ipsilateral or contralat-
eral breast recurrence, isolated regional lymph node
patients, or local chest wall recurrence. DM was confirmed
by histopathologic analysis in 81 patients and by imaging
and clinical follow-up in 66 patients.

To identify a control group for 147 women with DM of
breast cancer, 9 covariates known as independent risk
factors for DM [2-7] were one-to-one matched pairwise to
each woman identified from the remaining 3389 women
without DM, according to the following criteria: age
(<50 years or >50 years), pathologic tumor type (ductal or
lobular and others), histologic grade (I or II or III),
pathologic tumor size (T1 or T2 or T3), pathologic nodal
stage (NO or N1 or N2-3), pathologic stage (I or II or III),
lymphovascular invasion (absent or present), Ki-67 index
(<14% or >14%), and IHC subtype (hormone receptor
(HR)-positive/HER2-negative [ER and/or PR-positive and
HER2-negative] or HER2-positive [ER/PR-positive or
negative, HER2-positive] or triple-negative [ER-negative,
PR-negative and HER2-negative]) [8], maximizing follow-
up time over 5 years. Therefore, a total of 294 women (147
women with DM [DM group] and 147 matched women
without DM [control group]) comprised our study popu-
lation. The median follow-up period of patients in the
control group (n = 147) was 6.3 years (range,
5-11.3 years).

MR imaging technique

All MR imaging examinations were performed using a 1.5-
T scanner (Signa, GE Medical Systems, Milwaukee, WI)
with a dedicated eight-channel breast coil. All patients
underwent MR imaging in the prone position. MR imaging
protocol included bilateral sagittal T2ZWI and a dynamic
contrast-enhanced T1-weighted three-dimensional fast
spoiled gradient-echo sequence with fat suppression (rep-
etition time msec/echo time msec, 6.5/2.5; matrix size,
256 x 160; flip angle, 10°; field of view, 20 x 20 cm;
section thickness, 1.5 mm; no gap). For all contrast-en-
hanced examinations, a bolus of gadolinium-based contrast
material (MultiHance, Braccolmaging, Milan, Italy) was
injected intravenously (0.1 mmol/L per kilogram of body
weight), followed by a 20 mL saline solution flush.
Thereafter, maximum-intensity projection, subtraction, and
axial reformatted images were obtained. All lesions were
clearly depicted at MR imaging.
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MR image interpretation

All MR images of the 294 patients (DM group [n = 147]
and control group [n = 147]) were randomly mixed and
three dedicated breast radiologists (S.E.S., S.U.S., W.K.M.,
with 6, 3, and 23 years of experience, respectively) without
the knowledge of clinical history independently reviewed
the MR images using the 2013 Breast Imaging Reporting
and Data System (BI-RADS) MR imaging lexicon [16].
The three reviewers were asked to determine the amount of
fibroglandular tissue (FGT) and background parenchymal
enhancement (BPE) which were assessed in the contralat-
eral breast on the initial contrast-enhanced images or
maximum-intensity projection images. The extent of dis-
ease was also evaluated as unifocal or multifocal and the
lesion type as mass or non-mass enhancement (NME). For
mass observations, shape, margin, internal enhancement
patterns, and associated NME were assessed. The intratu-
moral signal intensity (SI) and peritumoral edema were
also evaluated on T2WI as absent or present. High intra-
tumoral SI on T2WI was visually determined when SI of
the tumor was stronger than that of water or vessels or
higher than that of the surrounding normal parenchymal
glandular tissue [19]. Peritumoral edema was also visually
defined when high SI around the tumor or posterior to the
tumor mass in the prepectoral area was observed on T2WI
[14, 20].

In addition, one radiologist (S.E.S.) with 6 years of
experiences in breast imaging measured the distance from
the nipple to the lesion, the distance from the skin to the
lesion, and the distance from the chest wall to the lesion on
the initial contrast-enhanced images [15]. For kinetic curve
assessment, the time—signal intensity curve obtained from
the pre-contrast and each post-contrast series using opera-
tor-defined regions of interest (ROI) within the tumor was
used. The maximally enhancing ROI was selected for
analysis. The kinetic curve patterns were categorized into
three types (persistent, plateau, or washout).

Postoperative care and follow-up

After surgery, chemotherapy, hormonal therapy, and/or
trastuzumab were administered according to the charac-
teristics of a tumor of each patient. For the surveillance of
DM, chest radiography, chest computed tomography (CT),
and bone scan were annually performed in all patients as
per our institutional practice. Whole-body fluorine 18 flu-
orodeoxyglucose positron emission tomography/CT were
electively performed for patients with clinical symptoms of
DM or suspicious DM on chest CT or bone scan. The DM
sites were categorized as follows: bone; liver; lung; brain;
or distant nodal (nodes beyond the ipsilateral axillary/in-
ternal mammary area/supraclavicular). In the case of

multiple DM, the DM site that was confirmed by biopsy or
excision or initially detected on imaging studies was
recorded. DM-free survival was defined as the interval
between the date of breast cancer operation and the date of
DM.

Statistical analysis

Patient and MR imaging characteristics between the DM
group and control group and across the three breast cancer
subtypes were compared using the Chi square test or
Fisher’s exact test for categorical variables and Wilcoxon
rank sum test for continuous variables.

For statistical analysis, the categorical variables for
breast MR imaging features were dichotomized into two
categories each as follows: the amount of FGT (entirely
fatty or scattered vs heterogeneous or extreme), BPE pat-
terns (minimal or mild vs moderate or marked), mass shape
(irregular vs round to oval), mass margin (not circum-
scribed vs circumscribed), mass internal enhancement (rim
vs homogeneous or heterogeneous), intratumoral high SI
on T2WI (present vs absent), and peritumoral edema
(present vs absent). Breast MR imaging morphologic fea-
tures were determined from the features at least two of the
three interpreting breast radiologists classified. Interob-
server variability was calculated to evaluate the categorical
ratings by three reviewers with k statics. The strength of
k agreement was defined as follows: poor (k < 0), slight
(k = 0.0-0.20), fair (k = 0.21-0.40), moderate
(k = 0.41-0.60), substantial (k = 0.61-0.80), and almost
perfect (k = 0.81-1.00) [21]. Clinical-pathologic features
were also dichotomized for statistical analysis as follows:
age (=50 years vs <50 years), pathologic tumor type
(lobular or other vs ductal), tumor stage (T3 vs T1-2),
nodal stage (N2-3 vs NO-1), lymphovascular invasion
(present vs absent), and Ki-67 index (>14 vs <14%). We
did not include histologic grade and pathologic stage in
multivariate analysis since controlling for both histologic
grade and Ki-67 index and both pathologic stage and T or
N (which are tightly linked) could result in overfitting of
the model.

We examined the associations of preoperative MR
imaging and clinical-pathologic features with DM-free
survival using Cox proportional hazard models. Hazard
ratios (HR) and 95% confidence intervals (CI) for DM-free
survival were calculated using univariate analysis, and
variables with p values less than 0.30 in the univariate
analysis and the use of systemic adjuvant therapy were
selected as input variables for a multivariate model. All
interactions between any two features in the final model
were tested. Subgroup analysis was performed according to
breast cancer stage and IHC subtype. The MR imaging
feature found to differ significantly across the DM group
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and control group was further estimated with the adjusted
Kaplan—-Meier method, and the survival times were com-
pared using the log-rank test. We examined the association
of the significant MR imaging feature with clinical—-
pathologic features using logistic regression analysis. Odds
ratios (OR) and 95% CI were calculated using univariate
logistic regression analysis, and variables with p values less
than 0.30 were selected for the multivariate model.

All statistical analyses were performed using Statistical
Package for the Social Sciences (SPSS, version 20; IBM,
Armonk, NY) software; p values less than 0.05 were con-
sidered significant.

Results
Patient characteristics

Matched clinical-pathologic characteristics of the 294
patients are listed in Table 1. No significant differences
were found between the DM group and control group
with regard to the matched variables. The median age of
the DM group and the control group was 47 years
(p = 1.000). Both of the DM group and the control group
comprised 13 patients with pathologic stage I (8.8%), 83
patients with stage II (56.5%), and 51 patients with stage
I (34.7%). According to IHC results, 65 cases were HR-
positive/HER2-negative, 39 cases were HER2-positive,
and 43 cases were triple-negative in both the DM and
control groups. With respect to the type of treatment, no
significant differences were observed between the DM
group and the control group with regard to surgery type
and adjuvant treatment. The median follow-up time was
5.6 years (range, 0.9-11.5 years) for DM-free survival
and the median time to DM was 2.9 years (range,
0.5-11.4 years). Of the 147 patients with DM, bone
(n = 48) was the most frequent metastatic site followed
by the lung (n = 40), liver (n = 31), distant nodal
(n = 16), and brain (n = 12).

MR imaging features and interobserver agreement

For MR imaging features, rim enhancement and peritu-
moral edema were more frequently observed in the DM
group compared with the control group (44.2 vs 25.2%,
p = 0.001; 29.9 vs 20.4%, p = 0.60, respectively) (Figs. 1,
2). In the subgroup analysis, rim enhancement and peritu-
moral edema were most frequently observed in triple-
negative tumors followed by HER2-positive and HR-pos-
itive/HER2-negative tumors. In HR-positive/HER2-nega-
tive tumors, the median distance from lesion to chest wall
was 1.2 cm (range, 0-5.5 cm); that in DM group was
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1.0 cm (range, 0—3.6 cm) and that in control group was
1.6 cm (range, 0-5.5 cm) (p = 0.005). Preoperative MR
imaging features between DM and control groups accord-
ing to IHC subtypes are summarized in Supplementary
Table S1.

With regard to the evaluation of interobserver agreement
between three reviewers, there was substantial overall
agreement for FGT (k = 0.62 [95% CI 0.49-0.76]) and
mass internal enhancement (k = 0.62 [95% CI 0.49-0.74])
and moderate agreement for BPE (k = 0.59 [95% CI
0.4-0.78]), multifocality (k = 0.58 [95% CI 0.44-0.73]),
mass shape (k = 0.53 [95% CI 0.4-0.67]), mass margin
(k = 0.57 [95% CI 0.4-0.74]), associated NME (k = 0.47
[95% CI 0.32-0.62]), intratumoral high SI (k = 0.52 [95%
CI 0.34-0.71]), and peritumoral edema (k = 0.46 [95% CI
0.3-0.62]). Interobserver agreement for all MR imaging
features was moderate to substantial.

MR imaging features associated with DM-free
survival

In the multivariate analysis, rim enhancement (HR, 1.83
[95% CI 1.29, 2.51]; p = 0.001) and peritumoral edema
(HR, 1.48 [95% CI 1.03, 2.11]; p = 0.032) were significant
imaging features associated with worse DM-free survival
in patients with invasive breast cancer. In the subgroup
analysis according to breast cancer stage, MR imaging
feature associated with DM-free survival in stage I or II
breast cancers was rim enhancement (HR, 1.99, [95% CI
1.32, 3.00, p = 0.001) and that in stage III breast cancers
was peritumoral edema (HR, 2.64, [95% CI 1.49, 4.68,
p = 0.001). In the subgroup analysis according to breast
cancer subtypes, DM-free survival was associated with rim
enhancement (HR, 1.87 [95% CI 1.09, 3.07]; p = 0.021),
peritumoral edema (HR, 2.61 [95% CI 1.30, 5.26];
p = 0.007), and the distance from the chest wall (HR, 0.73
[95% CI 0.56, 0.94]; p = 0.015) for HR-positive/HER2-
negative tumors and rim enhancement (HR, 2.10 [95% CI
1.11, 3.95]; p = 0.021) for HER2-positive tumors. How-
ever, there was no MR imaging feature associated with
DM-free survival in triple-negative tumors (Table 2).
Kaplan—-Meier analysis revealed that rim enhancement
and peritumoral edema were significantly associated with
worse DM-free survival (p <0.001 and p < 0.001,
respectively) (Fig. 3). In subgroup analysis, rim enhance-
ment, the presence of peritumoral edema, and the distance
from the chest wall were significantly associated with
worse DM-free survival (p = 0.012, p = 0.030 and
p = 0.001, respectively) in HR-positive/HER2-negative
tumors. Rim enhancement was significantly associated
with worse DM-free survival in HER2-positive tumors
(p = 0.018), but not in triple-negative tumors (p = 0.119).
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Fig. 1 Preoperative breast MR
images of a 63-year-old woman
who underwent breast
conserving surgery for stage II
(T2, 2.5 cm and N1, 3/23), high
histologic grade, and HR-
positive/HER2-negative breast
cancer. a Sagittal contrast-
enhanced T1-weighted image
shows a round mass with rim
enhancement in the left breast.
b Sagittal T2-weighted image
shows peritumoral edema
(arrowhead) posterior to the
mass. After a follow-up of

2.4 years, a soft tissue mass at
the anterior mediastinum was
found and confirmed as
metastatic carcinoma by
excision

Fig. 2 Preoperative breast MR
images of a 48-year-old woman
who underwent mastectomy for
stage II (T2, 3.5 cm and N1,
1/26), intermediate histologic
grade, HR-positive/HER2-
negative breast cancer.

a Sagittal contrast-enhanced T1-
weighted image shows an
irregular, heterogeneously
enhancing mass in the left
breast. b Sagittal T2-weighted
image shows no peritumoral
edema. The patient was found to
have no breast cancer metastasis
after a follow-up of 7 years

Clinical-pathologic variables associated
with significant MR imaging features

Among the 7 clinical-pathologic variables, rim enhance-
ment was significantly associated with high Ki-67 index
(OR 2.71 [95% CI 1.53, 4.77]; p = 0.001), and low tumor
stage (OR 0.22 [95% CI 0.08, 0.66]; p = 0.007) (Table 3).
Peritumoral edema was significantly associated with high
Ki-67 index (OR 2.59 [95% CI 1.45, 4.62]; p = 0.001),
high nodal stage (OR 1.88 [95% CI 1.06, 3.32];

p = 0.030), and age >50 years (OR 1.82 [95% CI 1.05,
3.15]; p = 0.033).

Discussion

In this study, we compared the preoperative breast MR
imaging features of breast cancer cohorts with and without
DM after controlling for the clinical-pathologic variables
known as risk factors for DM. Our study results showed

@ Springer
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Table 2 Comparison of preoperative mr imaging features associated with distant metastasis (DM)-free survival according to breast cancer

subtypes

Variables

All (n = 294)

HR-positive/HER2-
negative tumors
(n = 130)

HER2-positive tumors
(n=178)

Triple-negative tumors
(n = 86)

Adjusted HR
[95% CI]

p

Adjusted HR P
[95% CI]

Adjusted HR )4
[95% CI]

Adjusted HR p
[95% CI]

MR imaging features

Amount of fibroglandular
tissue

Background parenchymal
enhancement

Multifocality
Mass shape
Mass margin
Mass internal enhancement
Associated NME
Intratumoral high SI
Peritumoral edema
Distance from nipple
Distance from skin
Distance from chest wall
Tumor kinetics
Adjuvant therapy
Aromatase inhibitor
Trastuzumab

1.33 [0.94-1.88]

1.83 [1.29-2.51]

1.48 [1.03-2.11]

0.73 [0.49-1.10]
1.19 [0.75-1.89]

0.097

0.001

0.032

0.132
0.450

0.64 [0.25-1.64]

1.87 [1.09-3.07]  0.021 2.10 [1.11-3.95]

2.61 [1.30-5.26]  0.007

0.73 [0.56-0.94]  0.015

1.02 [0.61-1.73]  0.919 0.38 [0.09-1.60]

1.01 [0.50-2.04]

0.355

0.021

0.188
0.961

1.49 [0.80-2.79]  0.123

1.37 [0.73-2.58]  0.321

HR hazard ratio at multivariate analysis, CI confidence interval, NVE non-mass enhancement, S/ signal intensity

(a)

(b)

10

08

04

Distant Metastasis-Free Survival (Proportion)
0.2
1

00

Homo or Heterogeneous enhancement
— Rim enhancement

Fig. 3 Kaplan—Meier curves showing distant metastasis (DM)-free
survival rate in 294 patients with breast cancer. a The solid line
represents DM-free survival in patients with rim enhancement on
preoperative MR images (n = 102); the dashed line, patients with
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homogeneous or heterogeneous enhancement (n = 192) (p < 0.001).
b The solid line represents DM-free survival in patients with
peritumoral edema (n = 74); the dashed line, patients without
peritumoral edema (n = 220) (p < 0.001)
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Table 3 Clinical-pathologic characteristics of rim enhancement and associated features in 294 patients
Variables Rim enhancement Peritumoral edema
Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis
Unadjusted OR p Adjusted OR p Unadjusted OR p Adjusted OR p
[95% CI] [95% CI] [95% CI] [95% CI]
Age
>50 years 1.49 [0.91-2.44] 0.105 1.85 [1.09-3.16] 0.022 1.82[1.05-3.15] 0.033
versus <50 years
Pathologic tumor type
Lobular/other versus 0.22 [0.07-0.64] 0.251 0.35 [0.07-1.57] 0.260
ductal
Pathologic tumor stage
T3 versus T1-2 0.22 [0.07-0.64] 0.003 0.22 [0.08-0.66]  0.007 1.27 [0.57-2.81] 0.545
Pathologic nodal stage
N2-3 versus NO-1 0.37 [0.20-0.66] 0.001 1.73 [1.00-3.00] 0.047 1.88 [1.06-3.32] 0.030
Pathologic multifocality
Present versus absent  1.08 [0.51-2.30] 0.831 0.63 [0.25-1.59] 0.326
Lymphovascular invasion
Present versus absent  0.75 [0.45-1.24] 0.265 1.54 [0.86-2.76] 0.143
Ki-67 status
>14% versus <14% 2.40 [1.404.11] 0.001 2.71 [1.53-4.77]  0.001 2.57 [1.46-4.54] 0.001 2.59 [1.454.62] 0.001

OR odds ratio, CI confidence interval

that preoperative MR imaging features of rim enhancement
and peritumoral edema were more common in the DM
group compared with the control group and were associ-
ated with worse DM-free survival in patients with breast
cancers. Interestingly, significant imaging features associ-
ated with worse DM-free survival were different between
breast cancer subtypes and stages. DM-free survival was
associated with rim enhancement, peritumoral edema, and
the distance from the chest wall for HR-positive/HER2-
negative tumors and rim enhancement for HER2-positive
tumors. However, there was no MR imaging feature
associated with DM-free survival in triple-negative tumors.
These results may be explained by the more frequent
incidence of these MR imaging features in aggressive tri-
ple-negative tumors than in HR-positive/HER2-negative or
HER2-positive tumors, regardless of the presence of DM.
For example, in our study, 51.1% (22/43) of those in the
DM group and 37.2% (16/43) of those in the control group
had rim enhancement in triple-negative tumors, while
36.9% (24/65) of those in the DM group and 20.0% (13/65)
of those in the control group in HR-positive/HER2-nega-
tive tumors and 48.7% (19/39) of those in the DM group
and 20.5% (8/39) of those in the control group in HER2-
positive tumors had rim enhancement. In contrast to pre-
vious studies, BPE was not associated with DM-free sur-
vival in this study [16, 17]. To our knowledge, this is the
first study to report MR imaging features associated with

DM-free survival according to IHC subtypes in patients
with breast cancer.

We further examined the association of the significant
MR imaging features with clinical-pathologic variables
using logistic regression analysis. Our study results showed
that rim enhancement and peritumoral edema were most
significantly associated with high Ki-67 index of breast
cancer. This finding is concordant with previous studies
investigating relationships between breast MR imaging
findings and prognostic markers of breast cancer [22-25].
Of note is that rim enhancement was associated with low
pathologic stage, which suggests the usefulness of this
finding particularly in early-stage breast tumors. The
association of rim enhancement on DM-free survival is
also supported by recent radiogenomic research by
Yamamoto et al. [26] in which the enhancing rim fraction
score of tumor, a quantitative MR imaging feature, was
associated with HOX transcript antisense intergenic RNA
(HOTAIR), known as a predictor of metastatic progression.
Peritumoral edema, likely caused by increased vascular
permeability and the release of tumor-associated cytokines
and growth factors, has been associated with poor recur-
rence-free survival after neoadjuvant therapy in patients
with breast cancer [14, 25, 27]. In our study, peritumoral
edema was the MR imaging feature associated with DM-
free survival in stage III breast cancers. In The Cancer
Genome Atlas and The Cancer Imaging Archive study
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[28, 29], rim enhancement was associated with ER status
and the activity of multiple genes related to the phospho-
inositide 3 kinase (PI3K) pathway, which leads to cell
growth and tumor proliferation and plays a significant role
in endocrine resistance in breast cancer. Peritumoral edema
was associated with Aurora A/GADD45A, BCL2LI,
CCNE]1, and FOXAI1, which are related to resistance to
chemotherapy and distant metastasis. In addition, TP53
mutation status, the most prevalent cancer driver event in
breast cancer has been associated with rim enhancement
and peritumoral edema [29, 30].

Previous studies with MR imaging reported that
BRCAl-associated or familial breast cancers more fre-
quently had a posterior or prepectoral location reflecting a
greater tendency to spread to distant organs without axil-
lary nodal involvement in aggressive triple-negative
tumors compared with HR-positive/HER2-negative tumors
[15, 31]. Anatomical and lymphoscintigraphic studies have
revealed that tumors in the posterior locations have con-
siderable lymphatic dissemination to the internal mammary
node chain, which is the most important destination for
lymph drainage outside of the axilla [32]. In our study,
however, similar to rim enhancement and peritumoral
edema, the distance from the chest wall was associated
with DM-free survival in HR-positive/HER2-negative
tumors but not in triple-negative tumors. A posterior or
prepectoral location of breast cancer was associated with
younger age, low nodal stage, and high histologic grade.
This finding is concordant with the MR imaging study of
tumor location using 1201 breast cancers in which age,
mammographic density, axillary nodal status, and triple-
negative status are significantly associated with absolute
and normalized distances from the chest wall [15].

Our study had several limitations. First, our study cohort
was retrospectively collected from a single tertiary aca-
demic institution and selection bias is inevitable. We did
not match for the surgery type or the type of adjuvant
therapy, and these factors could have affected survival
outcome. However, our treatment strategy based on clini-
cal-pathologic characteristics has not substantially chan-
ged during the study period. Second, we used qualitative
assessments of MR imaging features, all of which had
potentially inter- and intra-observer variability. We pro-
vided k-values interobserver variation in the assessment of
rim enhancement and of peritumoral edema. Interobserver
agreement was substantial (k = 0.62) for mass internal
enhancement but only moderate (k = 0.46) for peritumoral
edema. Because patients in our cohort underwent breast
MR imaging after core needle biopsy, some findings of
peritumoral edema may have been confused with changes
after biopsy. Lastly, our study might have been under-
powered to generalize the associations between MR
imaging features in breast cancer subtypes and DM risk. In
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particular, the lack of a significant association of rim
enhancement and DM-free survival outcome in triple-
negative tumors might be due to the marked heterogeneity
and the relatively small numbers of cases in this study
[33, 34]. Further validation in multi-institutional,
prospective studies is needed to confirm the utility of MR
imaging biomarkers in clinical practice.

In conclusion, our study suggests that preoperative MR
imaging features of rim enhancement and peritumoral
edema were associated with worse DM-free survival in
patients with breast cancer. The significant MR imaging
features, however, were different between breast cancer
subtypes and stages reflecting inter-tumor heterogeneity.
Preoperative breast MR imaging features may be used as
prognostic biomarkers that help predict DM risk in patients
with breast cancer, especially in HR-positive/HER2-nega-
tive or HER2-positive tumors, thereby potentially enabling
improved personalized treatment strategies for individual
patients.
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