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Abstract: To retrospectively investigate whether background

parenchymal enhancement (BPE) of the contralateral breast on pre-

operative dynamic contrast-enhanced magnetic resonance imaging

(DCE-MRI) is associated with therapeutic outcomes following neoad-

juvant chemotherapy (NAC) in unilateral invasive breast cancer.

The institutional review board approved this study, and informed

consent was waived. Between 2009 and 2011, 93 women with unilateral

invasive breast cancer (43 premenopausal women who performed pre-

NAC MRI between days 7 and 20 of the menstrual cycle and 50

postmenopausal women) underwent NAC with pre- and post-NAC

DCE-MRI before surgery. MRI features (BPE [minimal, mild, moder-

ate, marked] of the contralateral breast, lesion size and number, lesion

kinetics, and changes in lesion size) and clinicopathologic features were

analyzed. Patients were grouped according to BPE category (high

[moderate or marked] or low [minimal or mild]). Cox regression

modeling was used to determine associations between MRI features

and recurrence-free survival (RFS) after controlling for clinicopatho-

logic variables.

The mean follow-up period was 48.2 months. Twenty-three recur-

rences occurred (2 ipsilateral breasts, 6 regional, and 15 distant). On

multivariate analysis, high BPE on pre-NAC MRI (hazard ratio

[HR]¼ 3.851, P¼ 0.006) and triple-negative cancer (HR¼ 3.192,

P¼ 0.002) were independent factors associated with worse RFS. A

greater reduction of lesion size on post-NAC MRI (HR¼ 0.984,

P¼ 0.021) was associated with better RFS.

High BPE on pre-NAC MRI is significantly associated with worse

RFS in an NAC setting. This study suggests that BPE on pre-NAC DCE-

MRI may have potential as a predictor of long-term outcomes in breast
un Young Ko, MD, ung Han, MD,
m, MD, PhD

Abbreviations: BPE = background parenchymal enhancement,

DCE-MRI = dynamic contrast-enhanced magnetic resonance

imaging, ER = estrogen receptor, HER2 = human epidermal

growth factor receptor 2, HR = hazard ratio, NAC = neoadjuvant

chemotherapy, OS = overall survival, pCR = pathologic complete

response, PR = progesterone receptor, RFS = recurrence-free

survival.

INTRODUCTION

N eoadjuvant chemotherapy (NAC) has been widely used for
patients with locally advanced breast cancers because it

renders primarily inoperable tumors operable and allows more
patients to undergo breast-conserving surgery instead of mas-
tectomy.1–3 In addition to tumor control, NAC enables the in-
vivo assessment of the efficacy of standard and investigational
therapeutic agents and could expedite the clinical development
and approval of targeted treatments for early breast cancer.4,5

The heterogeneity of breast cancer, however, results in variable
responses to NAC.6,7 Pathologic complete response (pCR),
which has been used as a surrogate endpoint that can predict
long-term clinical outcome,8–10 is achieved in less than 30% of
patients treated with NAC.11 On the other hand, patients who
have residual disease at surgical pathology represent a high-risk
population due to the poorer outcomes compared with patients
who achieve pCR.8–10 For these patients, further investigational
therapy can be considered according to the residual tumor
burden. Although surgical pathologic information has been
used as a prognostic indicator or a guide for further treatment
after surgery, this cannot be assessed before the surgical
removal of the tumor. Pretreatment prediction of the pathologic
responses or long-term outcomes of patients scheduled to
receive NAC could enable the development of personalized
treatment protocols, adjusting NAC regimens or surgical pro-
cedures, thus improving the long-term outcomes of individual
patients.

Imaging techniques have been used to identify imaging
biomarkers that predict the development and prognosis of breast
cancers. Mammographic breast density is well known to corre-
late with the risk of developing breast cancer,12 although it is not
related to the survival of breast cancer.13 Dynamic contrast-
enhanced magnetic resonance imaging (DCE-MRI) is a com-
monly used imaging technique in breast cancer research that
allows assessment of the functional behavior of the tumor and
parenchyma.14 It is well established that normal fibroglandular
tissue can show enhancement on DCE-MRI, which is termed
al enhancement (BPE). Analogous to
east density, recent studies have shown
reening MRI is associated with a higher
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probability of developing breast cancer.15,16 Many previous
studies have demonstrated DCE-MRI parameters obtained prior
to NAC and/or early (after the 1st or 2nd NAC cycles) during
NAC and survival outcomes.17–20 However, these studies have
focused on the tumors themselves or on tumor-induced changes
in the tissue surrounding breast tumors. It remains unknown
whether BPE on preoperative DCE-MRI, performed prior to
and/or post NAC treatment, is associated with the therapeutic
outcome in patients treated with NAC.

Therefore, we hypothesized that BPE of the contralateral
healthy breast is comparable to that of the ipsilateral breast
before cancer development.21,22 The purpose of this study was
to retrospectively investigate whether BPE of the contralateral
normal breast on preoperative DCE-MRI is associated with the
therapeutic outcome in patients with unilateral invasive breast
cancer who undergo NAC.

MATERIALS AND METHODS

Patients and Treatments
The institutional review board approved this retrospective

study, and informed consent was waived. Between June 2009
and July 2011, 203 consecutive women with invasive breast
cancers underwent NAC and subsequent curative breast surgery
at our institution. We excluded 4 women with bilateral breast
cancers and 34 women who did not undergo MRI prior to NAC.
It is well known that BPE in premenopausal woman is affected
by the menstrual cycle.23 To minimize the hormonal effects, we
further excluded 51 premenopausal women who underwent pre-
NAC MRI during the 1st or 4th week of the menstrual cycle and
21 premenopausal women who did not have information about
the menstrual cycle on the medical record. Finally, 93 women
(mean age 47.2 years, range 25–69 years) with unilateral
invasive breast cancers (89 invasive ductal carcinomas, 2 inva-
sive lobular carcinomas, 1 metaplastic carcinoma, and 1 muci-
nous carcinoma) were included in this study.

The NAC regimens of the 93 study patients were as
follows: adriamycin with cyclophosphamide plus docetaxel
(n¼ 51), adriamycin with cyclophosphamide (n¼ 12), adria-
mycin with docetaxel (n¼ 9), and human epidermal growth
factor receptor 2 (HER2) targeted agent-based regimens
(n¼ 21). The HER2 targeted agent-based regimens included
adriamycin with cyclophosphamide plus docetaxel with tras-
tuzumab, docetaxel with either trastuzumab or pertuzumab,
and trastuzumab with pertuzumab. The median number of NAC
cycles was 8 (range, 4–8 cycles). All patients underwent both
pre-NAC and post-NAC MRI, performed after completion of
NAC, as well as curative surgery for breast cancer (63 patients
received breast-conserving surgery, 30 received total mastect-
omy). The median interval between post-NAC MRI and
surgery was 15 days (range, 3–36 days). All patients who
underwent breast-conserving surgery were treated with adju-
vant radiation therapy. Adjuvant endocrine therapy had been
recommended for patients with hormone receptor-positive
cancers.

MRI Evaluation
All preoperative MRIs were performed using a 1.5-T

Achieva scanner (Philips Medical Systems, Best, The Nether-
lands) with a dedicated phased array breast coil, with the patient in
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the prone position. The routine MRI protocol included turbo spin-
echo T1- and T2-weighted sequences and a 3-dimensional DCE
sequence. All images were acquired with bilateral axial views.
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DCE-MRI included 1 precontrast and 6 postcontrast series.
A 0.1-mmol/kg bolus of gadobutrol (Gadovist; Bayer Healthcare,
Berlin, Germany) was injected into an antecubital vein, followed
by a 20-mL saline flush. Postcontrast images were obtained at 30,
90, 150, 210, 270, and 330 seconds after the injection of contrast
material. The DCE timing was the center of the k-space acqui-
sition, and the acquisition time of each postcontrast series was
63 seconds. Early subtraction images and 3-dimensional maxi-
mum-intensity projection images were generated. The
parameters for DCE-MRI were as follows: repetition time/echo
time (msec), 6.5/2.5; slice thickness, 1.5 mm; flip angle, 108;
matrix size, 376� 374; and field of view, 32� 32 cm.

All pre-NAC and post-NAC MR images were retrospec-
tively assessed by 2 radiologists in consensus (with 6 and 9
years of experience in breast MRI, respectively). To minimize
bias, the radiologists were blinded to the clinicopathologic
information, including tumor recurrence during follow-up,
menopausal status, phase of the menstrual cycle, and hormone
receptor status, although they were made aware that the patients
had a diagnosis of invasive breast cancer. Tumor size, corre-
sponding to the maximal diameter of the tumor, was measured
on early postcontrast images (90 seconds after contrast material
injection). Reduction of the tumor size on post-NAC MRI was
calculated as follows:

(tumor sizepre-NAC� tumor sizepost-NAC)
� 100/tumor sizepre-NAC

To assess tumor kinetics, all of the DCE-MRI series were
used. The type of tumor kinetics was categorized as persistent,
plateau, or washout based on the images obtained in the delayed
enhancement phase.24 When there were multiple tumors on pre-
NAC MRI, the radiologists evaluated the MRI features of the
largest tumor. Qualitative BPE was assessed according to the
Breast Imaging-Reporting and Data System (BI-RADS)
categories as follows: minimal, mild, moderate, or marked.24

BPE was determined on the basis of both the volume and
intensity of enhancement by using a combination of precontrast
and early postcontrast DCE images (90 seconds after contrast
injection), subtraction images, and maximum-intensity projec-
tion images.16,25,26 BPE categories were determined for pre-
NAC and post-NAC MR images, respectively.

Histopathologic Analysis
Final histopathological results of surgical or core

needle biopsy specimens were reviewed to determine the num-
ber and size of invasive and carcinoma in situ components of
tumors, as well as histologic grade, presence of lymphovascular
invasion, and molecular subtype determined by the immuno-
histochemical status (estrogen receptor [ER], progesterone
receptor [PR], and HER2). In our study, we defined pCR as
the absence of invasive cancer, irrespective of ductal carcinoma
in situ, in the breast and axillary nodes. In cases of pCR, the
expression status of ER, PR, and HER2 was determined based
on the core needle biopsy specimens obtained before NAC. ER
and PR positivity were determined using a cutoff value of >1%
positively stained nuclei.27 HER2 staging was scored as 0, 1þ,
2þ, and 3þ, according to the guidelines of the American
Society of Clinical Oncology/College of American Pathol-
ogists.28 Tumors scored as 2þ required further examination
using silver-enhanced in situ hybridization to measure HER2
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amplification. An HER2 gene/chromosome 17 ratio of greater
than 2.2 was considered HER2-positive by silver-enhanced in
situ hybridization.
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TABLE 1. Characteristics of the Study Population

Characteristics All (n¼ 93)
Recurrence-Free
Group (n¼ 70)

Recurrence
Group (n¼ 23) P

Age, (years) 47 (38–54) 47 (38–54) 46 (40–54) 0.869
Age group 0.607
<40 24 (25.8) 19 (27.1) 5 (21.7)
�40 69 (74.2) 51 (72.9) 18 (78.3)

Menopause 0.431
Premenopausal 43 (46.2) 34 (58.6) 9 (39.1)
Postmenopausal 50 (53.8) 36 (51.4) 14 (60.9)

Mammographic density 0.212
Fatty 2 (2.2) 1 (1.4) 1 (4.3)
Scattered fibroglandular tissue 20 (21.5) 16 (22.9) 4 (17.4)
Heterogeneously dense 56 (60.2) 39 (55.7) 17 (73.9)
Extremely dense 15 (16.1) 14 (20.0) 1 (4.3)

Clinical T stage 0.061
T1 6 (6.5) 4 (5.7) 2 (8.7)
T2 47 (50.5) 41 (58.6) 6 (26.1)
T3 32 (34.4) 20 (28.6) 12 (52.2)
T4 8 (8.6) 5 (7.1) 3 (13.0)

Clinical N stage 0.053
N0 10 (10.8) 9 (12.9) 1 (4.3)
N1 33 (35.5) 29 (41.4) 4 (17.4)
N2 30 (32.3) 20 (28.6) 10 (43.5)
N3 20 (21.5) 12 (17.1) 8 (34.8)

Pre-NAC MRI
BPE 0.045

Minimal 51 (54.8) 40 (57.1) 11 (47.8)
Mild 25 (26.9) 21 (30.0) 4 (17.4)
Moderate 13 (14.0) 8 (11.4) 5 (21.7)
Marked 4 (4.3) 1 (1.4) 3 (13.0)

Number of tumors 0.929
Solitary 29 (31.2) 22 (31.4) 7 (30.9)
Multifocal or multicentric 64 (68.8) 48 (68.6) 16 (69.6)

Tumor size (cm) 4.0 (2.8–6.5) 3.5 (2.8–6.0) 5.5 (2.8–7.7) 0.116

Post-NAC MRI
BPE 0.572

Minimal 90 (96.8) 67 (95.7) 23 (100.0)
Mild 3 (3.2) 3 (4.3) 0 (0.0)
Moderate 0 (0.0) 0 (0.0) 0 (0.0)
Marked 0 (0.0) 0 (0.0) 0 (0.0)

Reduction of tumor size, % 59.1 (33.5–82.7) 66.7 (40.0–89.7) 37.5 (11.5–50.0) 0.002
Presence of washout component within tumor <.001

No 54 (58.1) 48 (68.6) 6 (26.1)
Yes 39 (41.9) 22 (31.4) 17 (73.9)

Histologic type 0.511
Invasive ductal carcinoma 89 (95.6) 67 (95.7) 22 (95.7)
Invasive lobular carcinoma 2 (2.2) 1 (1.4) 1 (4.3)
Other invasive carcinoma 2 (2.2) 2 (2.9) 0 (0.0)

Histologic grade 0.293
I 18 (19.4) 16 (22.9) 2 (8.7)
II 46 (49.5) 34 (48.6) 12 (52.2)
III 29 (31.2) 20 (28.6) 9 (39.1)

Pathologic complete response 0.032
No 69 (74.2) 48 (68.6) 21 (91.3)

Medicine � Volume 95, Number 9, March 2016 Effect of Preoperative BPE on NAC Outcome
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Characteristics All (n¼ 93)
Recurrence-Free
Group (n¼ 70)

Recurrence
Group (n¼ 23) P

Yes 24 (25.8) 22 (31.4) 2 (8.7)

Immunohistochemical cancer subtype 0.081
Luminal 49 (52.7) 41 (57.7) 8 (34.8)
HER2-enriched 19 (20.4) 14 (19.7) 5 (21.7)
Triple negative 25 (26.9) 16 (22.5) 10 (43.5)

Surgical margin status 0.459
Negative 81 (87.1) 60 (85.7) 21 (91.3)
Close (<2 mm) 12 (12.9) 10 (14.3) 2 (8.7)

Adjuvant endocrine therapy
�

0.981
No 6 (12.2) 5 (12.2) 1 (12.5)
Yes 43 (87.8) 36 (87.8) 7 (87.5)

Numeric data are presented as median (interquartile range). Nonnumeric data are presented as number of patients (percentage). P value between
recurrence-free group and recurrence group. BPE¼ background parenchymal enhancement, HER2¼ human epidermal growth factor receptor 2,
MRI¼magnetic resonance imaging, NAC¼ neoadjuvant chemotherapy.�

subt
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Data and Statistical Analysis
Clinicopathologic data (age, menopausal status, mammo-

graphic density, clinical tumor and nodal stages, pathologic
response to NAC, immunohistochemical subtype, histologic
grade, surgical margin status, and adjuvant therapy) were col-
lected through review of medical records. MRI findings (BPE of
the contralateral breast, size and number of tumors on pre-NAC
MRI/BPE of the contralateral breast, and tumor size, presence of a
washout kinetic component within the tumor on post-NAC MRI)
and clinicopathologic variables were compared using the Mann–
Whitney U-test, the Chi-square test, or Fisher exact test, accord-
ing to the breast cancer recurrence event of the patients.

The therapeutic outcomes were recurrence-free survival
(RFS) and overall survival (OS), which were assessed by the
Kaplan–Meier method and compared by the log-rank test.
Breast cancer recurrence included local recurrence (limited
to the ipsilateral breast or chest wall and/or axillary, infracla-
vicular, or supraclavicular lymph nodes), contralateral cancer,
and distant metastasis to the other parts of the body. OS was
defined from the date of breast cancer diagnosis to the date of
death. RFS was calculated from the date of NAC initiation to the
date of breast cancer recurrence, the date of death, or the date on
which the patient was last known to have no evidence of breast
cancer recurrence.29 Patients without recurrence were censored
at the date of the most recent follow-up, regardless of whether
they were scheduled for future follow-up or whether they had
been lost to follow-up.

Cox proportional hazards modeling was used to determine
the associations between RFS and the variables. For continuous
variables, the proportional hazard assumption and linear
assumption were checked using restricted cubic splines. For
categorical variables, the proportional hazard assumption was
tested using the Cox proportional hazards model with time-
varying coefficients. BPE results on pre-NAC MRI were
grouped according to the category (low [minimal or mild] or
high [moderate or marked]) for univariate and multivariate Cox
regression analyses of RFS. Variables of BPE on post-NAC MRI

Adjuvant endocrine therapy was assessed only for luminal cancer
and adjuvant endocrine therapy were not included in the uni-
variate Cox regression analysis because all patients in both the
recurrence and the recurrence-free groups showed a low BPE
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(90 minimal and 3 mild) on post-NAC MRI, and our study
population included hormone-receptor-negative cancers,
respectively. The variables with P values less than 0.05 in
univariate analysis were included in a multivariate model.
The stepwise method was applied to control collinearity and
determine the final model.

All statistical analyses were performed with SPSS version
20.0 (IBM Corp., Armonk, NY). Statistical significance was
determined with a P value less than 0.05.

RESULTS

Patients and Survival Outcomes
The median RFS was 49 months (interquartile range

[IQR], 39–55 months), and the median OS was 51 months
(IQR, 45–57 months) during the follow-up period (range, 9–68
months). There were 23 recurrences (15 distant/8 local
[2 ipsilateral breast, 6 regional]) at a mean time-to-recurrence
of 21.8 months. Among patients with recurrence, 2 died during
management of their tumor recurrence, with OS values of 37
and 43 months. The clinicopathologic characteristics and MRI
findings of the study population are shown in Table 1. The
proportions of BPE on pre-NAC MRI were significantly differ-
ent between the recurrence group and the recurrence-free group.
All patients with high BPE (4 marked and 13 moderate) and
most patients with mild BPE (88%, 22/25) on pre-NAC MRI
showed a reduction of BPE identical to the minimal category on
post-NAC MRI in this study. All patients with minimal BPE and
3 patients with mild BPE on pre-NAC MRI showed no change
of BPE category on post-NAC MRI. Consequently, all patients
in both the recurrence and recurrence-free groups showed low
BPE (90 minimal and 3 mild) on post-NAC MRI. The pro-
portions of BPE on post-NAC MRI were not significantly
different between the recurrence group and the recurrence-
free group.

Association Between BPE and Survival Outcomes

ype.
In univariate analysis, high (moderate or marked) BPE on
pre-NAC MRI was significantly associated with worse RFS in
comparison to low (minimal or mild) BPE (hazard ratio

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Univariate Analysis Between Variables and Recurrence-Free Survival of Breast Cancer Patients Receiving NAC

Hazard Ratio P Value

Age group 0.755
<40 1
�40 1.171 (0.435–3.155)

Menopause 0.537
Premenopausal 1
Postmenopausal 1.302 (0.564–3.009)

Mammographic density 0.726
Fatty or scattered fibroglandular tissue 1
Heterogeneously dense or extremely dense 1.194 (0.443–3.217)

Clinical T stage 0.078
T1 1
T2 0.368 (0.074–1.826) 0.221
T3 1.179 (0.264–5.270) 0.829
T4 1.670 (0.278–10.013) 0.575

Clinical N stage 0.064
N0 1
N1 1.183 (0.132–10.585) 0.881
N2 4.385 (0.561–34.280) 0.159
N3 4.570 (0.571–36.573) 0.152

Pre-NAC MRI
BPE 0.020

Low (minimal or mild) 1
High (moderate or marked) 2.769 (1.173–6.535)

Number of tumors
Solitary 1
Multifocal or multicentric 0.705 (0.280–1.777) 0.459

Tumor size, cm 1.015 (1.000–1.031) 0.057

Post-NAC MRI
Reduction of tumor size, % 0.978 (0.966–0.989) <0.001
Presence of washout component within tumor 0.001
No 1
Yes 5.058 (1.991–12.851)

Pathologic complete response 0.046
No 4.385 (1.028–18.717)
Yes 1

Histologic type 0.790
Invasive ductal carcinoma 1
Invasive lobular carcinoma 2.017 (0.271–14–996) 0.493
Other invasive carcinoma – –

Histologic grade 0.278
I 1
II 2.432 (0.544–10.869)
III 3.426 (0.740–15.864)

Molecular subtype 0.086
Luminal 1
HER2-enriched 1.716 (0.561–5.246) 0.344
Triple negative 2.858 (1.127–7.247) 0.027

Surgical margin status 0.571
Negative 1
Close (<2 mm) 0.658 (0.154–2.805)

Numbers in parentheses are 95% confidence interval. BPE¼ background parenchymal enhancement, HER2¼ human epidermal growth factor
receptor 2, MRI¼magnetic resonance imaging, NAC¼ neoadjuvant chemotherapy.

Medicine � Volume 95, Number 9, March 2016 Effect of Preoperative BPE on NAC Outcome

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved. www.md-journal.com | 5



BPE 52.9% vs low BPE 79.6%, P¼ 0.015) (Figure 2). Survival

TABLE 3. Multivariate Analysis Between Variables and Recurrence-Free Survival of Breast Cancer Patients Receiving NAC

Hazard
Ratio

P
Value

Pre-NAC MRI
BPE

Low (minimal or mild) 1
High (moderate or marked) 3.851 (1.459–10.166) 0.006

Post-NAC MRI
Reduction of tumor size, % 0.984 (0.970–0.997) 0.021
Presence of washout component within tumor
No 1
Yes 2.328 (0.770–7.039) 0.135

Pathologic complete response
No 1.133 (0.205–6.259) 0.886
Yes 1

Molecular subtype 0.075

Luminal 1
HER2-enriched 1.377 (0.433–4.374) 0.588
Triple negative 3.192 (1.459–10.166) 0.026

oun
em
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[HR]¼ 2.769, P¼ 0.020). Reduction of tumor size, the pre-
sence of washout component within a tumor on post-NAC MRI,
achievement of pCR, and the triple-negative cancer subtype
also showed significant associations with RFS (P< 0.05). There
were no significant associations between RFS and age, meno-
pausal status, mammographic density, clinical T/N stage, size
and number of the tumors on pre-NAC MRI, histologic grade,
and surgical margin status (P> 0.05) (Table 2).

Variables showing a significant association (P< 0.05)
with RFS in univariate analyses were entered as input variables
for the multivariate analysis (Table 3). In the multivariate
analysis, high BPE (HR¼ 3.851, P¼ 0.006) was an indepen-
dent variable associated with worse RFS compared with low
BPE (Figure 1). In addition, the triple-negative cancer subtype

Numbers in parentheses are 95% confidence intervals. BPE¼ backgr
receptor 2, MRI¼magnetic resonance imaging, NAC¼ neoadjuvant ch
(HR¼ 3.192, P¼ 0.026) was significantly associated with
worse RFS, whereas a greater percentile reduction of tumor
size was associated with better RFS (HR¼ 0.984, P¼ 0.021).

FIGURE 1. MR images of a 37-year-old woman with invasive ductal ca
breast 17 months after NAC initiation. (A) Pre-NAC MR image acquired
an 8.7-cm nonmass enhancement involving the left lower outer breast
postcontrast phase shows that the BPE decreased to the minimal grad
volume (arrow). Initial surgical histopathology findings yielded an H
Seventeen months later, a 1.2-cm linear nonmass enhancement was d
confirmed to be a 0.8-cm ductal carcinoma in situ upon subsequen
MR¼magnetic resonance, MRI¼magnetic resonance imaging, NAC
factor receptor 2.

6 | www.md-journal.com
Patients with high BPE on pre-NAC MRI had significantly
worse 5-year RFS compared with patients with low BPE (high

d parenchymal enhancement, HER2¼ human epidermal growth factor
otherapy.
analysis for OS was not performed because there were only 2
death events in our study population.

DISCUSSION
In an NAC setting, several other studies have found that

parenchymal enhancement of normal-appearing tissue sur-
rounding breast cancer was significantly associated with the
response to NAC and the survival outcome.17,30 However,
measurement of the parenchymal enhancement of the tissue
surrounding breast cancer is strongly dependent on the selection

of a representative image and the placement of the region of
interest. On the other hand, the BPE of the contralateral normal
breast can be measured if DCE-MRI is performed bilaterally on

rcinoma whose recurrence occurred in the ipsilateral portion of the
in the subtracted early postcontrast phase shows a marked BPE and
(arrow). (B) Post-NAC MR image acquired in the subtracted early
e and that the nonmass enhancement also decreased in size and
ER2-enriched type of invasive ductal carcinoma 0.2 cm in size.

etected on a subtraction image of a screening MRI, (C) and it was
t breast surgery. BPE¼background parenchymal enhancement,
¼neoadjuvant chemotherapy, HER2¼human epidermal growth
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FIGURE 2. Five-year recurrence-free survival in patients who
underwent NAC according to the BPE on pre-NAC magnetic
resonance imaging (P¼0.015): high BPE (moderate or marked)
versus low BPE (minimal or mild). The log-rank test was used to

Medicine � Volume 95, Number 9, March 2016
breast cancer patients. Compared to the BPE of the diseased
breast, the BPE measured from the contralateral normal breast
may be a more unbiased method that can reflect the relationship
between normal tissue enhancement and treatment outcomes
after NAC on the basis of breast symmetry.21,22 To our knowl-
edge, this study is the first to report on the association between
the BPE of healthy parenchyma and survival outcomes of breast
cancer patients treated with NAC. We found that patients with a
high BPE on pre-NAC MRI (HR¼ 3.851, P¼ 0.006) were
significantly more likely to develop tumor recurrence after
NAC than were patients with low BPE. Our findings indicate
that high BPE of normal breast parenchyma may have the
potential to predict a patient’s long-term outcome after NAC
treatment, as well as a woman’s individual risk of developing
breast cancer.15,16

BPE is related to the vascular supply and ovarian function,
which is affected by endogenous hormone levels.23 To mini-
mize the hormonal effect due to the menstrual cycle, we
excluded premenopausal women who underwent pre-NAC
MRI during the 1st or 4th week of the menstrual cycle from
our study population, although recent studies on the association
between BPE and the outcomes of breast cancer patients did not
correct for the effects of the menstrual cycle.17,20–22,25 Even
after adjustment for menstrual cycle effects on BPE, we found a
significant association between high BPE on pre-NAC MRI and
worse RFS. One possible explanation for this finding is that
higher blood perfusion into the breast, expressed as higher BPE,
may lead to a proangiogenic environment for tumor growth.31

Another possible explanation is that higher BPE may represent a

determine a P value. BPE¼background parenchymal enhance-
ment, NAC¼neoadjuvant chemotherapy.
larger amount of physiologically active breast tissue that is
more vulnerable to malignant transformation, such as areas of
increased inflammation that can aid in tumor progression and

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
metastasis.32 In order to elucidate the precise mechanism con-
tributing to the relationship between high BPE and worse
survival outcomes, additional studies are needed.

In the current study, all patients of both recurrence and
recurrence-free groups showed low BPE (90 minimal and 3 mild)
on post-NAC MRI. Among these, all patients with a high BPE (4
marked and 13 moderate) and most patients with a mild BPE
(88%, 22/25) on pre-NAC MRI showed an identical reduction of
BPE to the minimal category on post-NAC MRI. Consequently,
after NAC treatment, there was a greater reduction of the BPE in
patients with a high BPE on pre-NAC MRI than in those with a
low BPE. These findings are consistent with the results of a
previous study in which a higher baseline BPE of pre/perime-
nopausal women was associated with a greater reduction of BPE
on follow-up MRI after NAC.33 A reduction of BPE after NAC
may be attributed to the effects of chemotherapy agents, which
can induce ovarian suppression resulting in a loss of tissue
proliferation and can directly damage the vessels in normal
tissue.21,33–35 Recent studies have reported that the degree of
BPE reduction after NAC seemed to correlate with the tumor
response to NAC.21,36 As these studies reported, the BPE
reduction may represent the effects of chemotherapy agents,
which may be associated with the short-term outcome, such as
pCR, in patients who received NAC. However, BPE reduction
after NAC may be the natural consequence of a high BPE on pre-
NAC MRI rather than a prognostic indicator, considering our
finding that a high BPE on pre-NAC MRI was associated with a
greater reduction of the BPE on post-NAC MRI than in those with
a low BPE. Therefore, we think that future studies will be needed
to verify the association between the BPE reduction after NAC
and the survival outcome.

As for tumor characteristics, triple-negative cancer was
significantly associated with a worse RFS in a multivariate
analysis of this study (P¼ 0.026), compared to luminal type
cancer. It is well known that RFS and OS in triple-negative
cancers are significantly worse than in cancers of other mol-
ecular subtypes.37 On the other hand, achievement of pCR has
been proposed as a surrogate endpoint that can predict the
survival outcomes of patients treated with NAC.10 However,
achievement of pCR was associated with better RFS in a
univariate analysis but did not retain significance in a multi-
variate analysis in this study. In fact, some studies have failed to
show that pCR predicts long-term clinical outcomes,10,38

although other studies have shown that pCR is associated with
significant improvement in survival outcomes.8–10 This dis-
crepancy can be explained by the different definitions of pCR
used in different studies. Although a recent study showed that
patients who attain pCR defined as ‘‘absence of invasive cancer
in the breast and axillary nodes, irrespective of in situ residuals’’
had better disease-free survival than patients with pCR defined
as tumor eradication from the breast alone,38 further study is
needed to validate the utility of pCR in predicting the long-term
outcomes of patients treated with NAC.

This study had several limitations. First, our study popu-
lation size is relatively small, and our population included only
a small number of patients with marked BPE on pre-NAC MRI
(n¼ 4). Therefore, we combined the patients with moderate and
marked BPE into 1 group for statistical analysis. In order to
clarify the association between BPE and survival outcomes,
further studies with a larger number of patients will be needed.
Second, we did not perform a quantitative measurement of the

Effect of Preoperative BPE on NAC Outcome
BPE to determine objective BPE levels. However, published
studies that have quantitatively measured BPE used different
MRI hardware and parameters between institutions, which
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restricts the generalized use of quantitative methods in clinical
practice. In contrast, we performed qualitative measurement of
the BPE based on 4 categories, and therefore minimal differ-
ences in the BPE may not be reflected in our results. None-
theless, we found a significant association between qualitative
measurements of BPE on pre-NAC MRI and RFS after NAC.
On the other hand, qualitative measurement of the BPE may be
prone to interobserver variability. However, there was no
significant discrepancy between the 2 reviewers for determi-
nation of BPE category in our study, because they are accus-
tomed to assess BPE category according to BI-RADS in routine
clinical practice. Considering our results, qualitative measure-
ment of BPE may be applicable to decide the follow-up interval
or imaging modality for postoperative surveillance of patients
who undergo NAC. Finally, this study was performed in a single
institution and included only Asian population. Further studies
including other populations need to be conducted.

In conclusion, a high BPE of the contralateral breast is
significantly associated with worse RFS in patients with uni-
lateral invasive breast cancer who underwent NAC. This study
suggests that BPE on pre-NAC DCE-MRI may have potential as
a predictor for long-term outcomes in breast cancer patients who
undergo NAC.
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