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Objective: To evaluate the impact of background
parenchymal enhancement (BPE) on breast MRI
and pathological tumor responses to neoad-
juvant chemotherapy (NAC) in breast cancer
patients.

Methods: A panel of 372 MRI from 186 pathologically
confirmed breast cancer patients who underwent breast
MRI before and after NAC were selected. BPE was clas-
sified into four categories before and after NAC. The
association between BPE and the pathological tumor
response to NAC, recurrence-free survival (RFS) and
molecular subtypes were analyzed. We also evaluated
the associations between the baseline BPE before NAC
and menopausal status or mammographic parenchymal
density.

Results: Baseline BPE did not differ significantly
according to the pathological tumor response to NAC
(p = 0.2019). However, changes in BPE after NAC were

INTRODUCTION

Neoadjuvant chemotherapy (NAC) is increasingly used
for the treatment of patients with locally advanced breast
cancer, although a wide spectrum of systemic treatments,
including target agents, are available.'™* NAC enables
large tumors to be downstaged and allows more patients
to undergo breast-conserving surgery in place of mastec-
tomy.>® In vivo assessments of the efficacy of systemic treat-
ment are also expected. However, only 10-20% of patients
achieve a complete pathological response to NAC,”® which
can only be determined after the surgical removal of the
tumor. Introducing a biomarker that is predictive of the
tumor response to NAC prior to surgery may promote
personalized treatment and improve patient outcomes.

significantly greater in the pathological complete
remission (pCR) group than in the non-pCR group
(p = 0.0008). There was no statistically significant asso-
ciation between BPE and RFS or molecular subtypes.
The baseline BPE of pre-menopausal females (2.77
+ 0.86) were greater than those of post-menopausal
females (2.05 = 0.69), with statistical significance
(p < 0.0001). Baseline BPE showed no significant differ-
ence according to mammographic parenchymal density.
Conclusion: The degree of BPE reduction in breast MRI
correlates with the pathological tumor response to
NAC in breast cancer patients. No significant difference
in BPE was observed according to RFS or molecular
subtypes of tumors.

Advances in knowledge: This study suggests that the
change in BPE may have potential as a biomarker of
tumor response in breast cancer patients receiving
NAC.

Normal fibroglandular tissues of the female breast can
show contrast enhancement on breast MRI, in partic-
ular, background parenchymal enhancement (BPE).” BPE
categories are classified as minimal, mild, moderate, or
marked according to the Breast Imaging-Reporting and
Data System (BI-RADS®) lexicon.' The significance of the
amount of BPE and its influence on diagnosis and treatment
are still being studied. Park et al has shown that a strong
(marked or moderate) BPE is a significant predictor for a
positive resection margin as well as positive extensive intra-
ductal component.'' In the study, cases with strong BPE
were younger and showed a higher percentage of proges-
terone receptor-positive cancers than those with weak
(mild or minimal) BPE. Other studies have demonstrated
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that higher BPE may be another factor of poor prognosis in
patients with breast cancer.'

Few studies have investigated the influence of breast cancer
treatment on the degree of BPE. The quantitatively measured
reduction of BPE by NAC in the contralateral breast has been
reported.'®> An almost complete suppression of BPE due to
taxane-containing NAC was observed in another study.'* Tt
remains unclear whether BPE in breast MRI are associated with
the breast tumor response to NAC. Thus, we analyzed the effects
of NAC on BPE in a breast cancer cohort, as classified according
to the BI-RADS" 2013 categories, and the relationship between
changes in the BPE and the pathological tumor response.

METHODS AND MATERIALS

Patient selection

This retrospective study was approved by the institutional review
board of Asan Medical Center and the requirement to obtain
informed consent was waived. Between January and December
2010, 261 consecutive patients with biopsy-proven invasive
breast cancer received NAC before surgery at our institution. We
assessed BPE in breast cancer patients who underwent breast MRI
both before and after NAC. In total, 75 patients were excluded,
because a breast MRI was not available from before (n = 10), after
(n = 58), or both before and after (n = 7) NAC. Finally, a series of
372 MR images of 186 pathologically confirmed invasive breast
cancer patients who underwent breast MRI before and after NAC
was selected for this study. The mean age of these study cases at
the time of their breast cancer diagnoses was 45 years (range,
25-81 years). To avoid any delays in treatment, breast MRIs were
performed without regard to the menstrual cycle.

The NAC regimens of the 186 patients were as follows: adria-
mycin with cyclophosphamide plus docetaxel (n = 126); human
epidermal growth factor receptor 2 (HER2) targeted agent-based
regimens (n = 22); adriamycin with cyclophosphamide (n = 20);
and 5-fluorouracil, epirubicin and cyclophosphamide (FEC)
(n = 18). No patient received antihormonal or radiation therapy
during NAC. Post-NAC MRI was performed after completion of
four, six, or eight cycles of NAC.

Breast MRI protocol

Bilateral breast MRI was performed with the patients in the
prone position using a 1.5 T (Magnetom Avanto; Siemens
Healthcare, Erlangen, Germany) commercially available system
with a dedicated four channel phased-array breast surface coil.
MRI was performed with the following imaging protocols: an
axial T, weighted sequence (repetition time [TR]/echo time
[TE], 1100/131 msec; flip angle, 125° inversion time, 130 msec;
matrix, 118 x 196; field of view [FOV], 341 x 210 mm?; matrix
size, 256 x 416; acquisition time, 134 s; slice thickness, 1.5 mm
without an interslice gap), axial T} weighted STIR sequence (TR/
TE, 4400/74 msec; inversion time, 130 msec; matrix, 118 x 196;
FOV, 340 x 340 mm? matrix size, 224 x 448; acquisition time,
134 s; slice thickness, 5 mm without an interslice gap) and a
three-dimensional (3D) T} weighted fast low-angle shot dynamic
gradient-echo sequence with fat suppression (TR/TE, 5.0/2.4
msec; flip angle, 10°; slice thickness, 0.9 mm without an interslice
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gap; isotropic voxel, 0.9 x 0.9 x 0.9 mm?®; one unenhanced and
five contrast-enhanced image acquisitions with a temporal reso-
lution of 61 s). An i.v. bolus injection of 0.1 mmol kg‘1 gadoterate
meglumine (Dotarem, Guerbet) or 0.2 ml kg™ gadopentetate
dimeglumine (Magnevist, Bayer Schering Pharma, Berlin,
Germany) was administered using an MRI-compatible power
injector (Spectris; Medrad, Pittsburgh, PA) with a flow rate of
2 ml s followed by a 20 ml saline solution flush. An axial 3D
delayed contrast-enhanced turbo spin-echo pulse sequence (TR/
TE, 767/12 msec; FOV, 350 x 350 mm? matrix size, 250 x 384;
section thickness, 5 mm) was used to evaluate the axillary lymph
nodes. Post-processing included standard subtraction (enhanced
images minus non-enhanced images) for all of the dynamic
phases and 3D maximum-intensity-projection images.

Clinicopathological data review

Clinicopathological data for the patients were reviewed,
including the menopausal status, histological tumor type
and molecular subtypes based on the immunohistochemical
profile. The molecular subtypes of breast cancer were catego-
rized into the following four groups: hormone receptor-pos-
itive and HER2-negative (luminal A subtype), hormone
receptor-positive and HER2-positive (luminal B subtype),
hormone receptor-negative and HER2-positive (HER2
subtype) and hormone receptor-negative and HER2-negative
(triple-negative subtype).

The pathological tumor response to NAC was recorded for
each patient. The pathological complete remission (pCR)
following NAC was defined as the absence of residual invasive
cancer cells in the breast and ipsilateral lymph nodes (ductal
carcinoma in situ may have been present) (ypTO0/is, ypNO). We
also reviewed recurrence-free survival (RFS). Breast cancer
recurrence included loco-regional recurrence (limited to the
ipsilateral breast or chest wall and/or axillary, infraclavicular,
or supraclavicular lymph nodes), contralateral breast recur-
rence and distant metastasis to other parts of the body. RFS
was defined as the time from the date of curative surgery to
the date of the first breast cancer recurrence. Patients without
evidence of a recurrence were censored on the date of the most
recent follow-up. The mean follow-up time was 56 months
(range, 5-75 months).

Image analysis

All pre- and post-NAC MR images from the 186 patients
included were retrospectively reviewed by two radiologists
with 5 and 10 years of clinical experience. When there was
a discrepancy between two radiologists, the final decision
was made by consensus after discussion. BPE assessment
was based on both the volume and intensity of enhancement
by using a combination of first post-contrast sequences and
maximum-intensity-projection images, which were created by
subtracting the fat-suppressed pre-contrast T} weighted image
from the contrast-enhanced image. It was consistent across all
the subjects. BPE was evaluated in the opposite breast with
breast cancer. Qualitative assessments of BPE were recorded
after reaching consensus. BPE patterns were classified into four
categories (1 = minimal, 2 = mild, 3 = moderate, 4 = marked),
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Table 1. Association between BPE and pathological tumor
responses to NAC

pCR Non-pCR
p value
(n=38) (n=148)
Baseline BPE 2.71 % 1.04 2.51+0.83 0.2019
Post-NAC BPE 1.21+0.14 1.59 +0.62 0.0004
Change in BPE 1.50 +1.13 0.91+0.9 0.0008

BPE, background parenchymal enhancement; NAC, neoadjuvant
chemotherapy; pCR, pathological complete remission.
Data are presented as a mean * standard deviation.

according to the BI-RADS lexicon for breast MRI;'? these cate-
gories were assessed for pre-NAC and post-NAC MRI, respec-
tively. Changes in BPE between baseline and post-NAC BPE
were also recorded. The readers were blinded to the clinicopath-
ological information, including the patient’s age, menopausal
status, phase of the menstrual cycle, the pathological tumor
response to NAC and pathological information, although they
were aware that the patients each had a diagnosis of breast
cancer and had received NAC. Mammographic parenchymal
density of patients were also recorded by the same radiolo-
gists. The visually estimated mammographic breast density
was determined for each patient based on the four categories
of breast composition as described by the American College of
Radiology BI-RADS."

Statistical analysis

All statistical analyses were performed using SPSS v. 19.0 (IBM
Corp., New York, NY) and p < 0.05 was considered to indicate
statistical significance. The association between BPE and clini-
copathological data including the pathological tumor response
to NAC, recurrence and the molecular subtype of the tumor
were analyzed using analysis of variance. We also evaluated
the association among baseline BPE before NAC, menopausal
status and mammographic parenchymal density. The data are
expressed as means * standard deviations. The log-rank test
was used to compare the RFS of low (minimal and mild) vs

Figure 1. MR images of a 38-year-old female with marked
BPE before (a and b) and minimal BPE after (c and d) NAC. A
tumor involving the left breast (arrows) had disappeared after
NAC, and the BPE was significantly reduced. The histopatho-
logical tumor response was a complete remission. No recur-
rence was detected in a recent follow-up. BPE, background
parenchymal enhancement; NAC, neoadjuvant chemotherapy.

Figure 2. MR images of a 46-year-old female with moder-
ate BPE before (a and b) and after (c and d) NAC. A tumor
involving the right breast (arrows) decreased in size; how-
ever, the BPE was almost unchanged after NAC. The histo-
pathological tumor response was a partial response. After 28
months, locoregional recurrence occurred in the ipsilateral
lymph nodes. BPE, background parenchymal enhancement;
NAC, neoadjuvant chemotherapy.

high (moderate and marked) baseline BPE groups. Patients
without recurrence were censored at the date of the most
recent follow-up.

RESULTS

Patients and tumor characteristics

Among the 186 breast cancer patients included in this study,
the pathological tumor response after NAC was a pCR in 38
patients (20.4%) and non-pCR in 148 patients (79.6%). In all,
128 patients were pre-menopausal and the remaining 58 were
post-menopausal. The mammographic parenchymal densities
matched pattern a in 4 patients (2.2%), pattern b in 44 patients
(23.7%), pattern c in 72 patients (38.7%) and pattern d in 66
patients (35.5%). According to immunohistochemical results,
82 cases were luminal A, 24 cases were luminal B, 32 cases
were HER2-positive and 48 cases were triple-negative. There
were 49 patients (26.3%) with recurrences during the follow-up
period (range, 5-67 months), which included 19 loco-regional
recurrences, 4 contralateral breast recurrences and 26 distant
recurrences.

Association between BPE and clinicopathological
data

The distribution of BPE at baseline and post-NAC MRI according
to tumor response is indicated in Table 1. The baseline BPE did
not differ significantly according to tumor response to NAC in
terms of pCR and non-pCR groups (p = 0.2019). However, the

Table 2. Association between BPE and recurrence

Recurrence-free | Recurrence P
(n=138) (n=49) value
Baseline BPE 2.53 +£0.87 2.59 £ 0.89 0.6871
Post-NAC BPE | 1.49 +0.64 1.59 £ 0.57 0.3113
Change in BPE | 1.04 +1.01 1+0.89 0.7881

BPE, background parenchymal enhancement; NAC, neoadjuvant
chemotherapy.
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Figure 3. Recurrence-free survival curves in patients who received NAC according to baseline (a) and post-NAC (b) BPE on breast
MRI. The p values for baseline and post-NAC BPEs were 0.6788 and 0.5786, respectively, determined by the log-rank test [the
blue line represents low (minimal and mild) BPE, and the red line represents high (moderate and marked) BPE]. BPE, background

parenchymal enhancement; NAC, neoadjuvant chemotherapy.
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Table 3. Association between BPE and molecular subtypes
Luminal A (n = 82) Luminal B (n = 24) HER2 (n =32) Triple-negative (n = 48) p value
Baseline BPE 2.55+0.85 242 +0.97 247 £0.92 2.67 £0.86 0.6445
Post-NAC BPE 1.55+ 0.63 1.58 £ 0.5 141 £ 0.61 1.5+0.62 0.6611
Change in BPE 1+0.98 0.83 +1.02 1.06 = 0.98 1.17 £ 0.93 0.5691

BPE, background parenchymal enhancement; NAC, neoadjuvant chemotherapy.

post-NAC BPE was lower in the pCR group (1.21 + 0.47) than
in the non-pCR group (1.59 + 0.62), with statistical significance
(p = 0.0004, Table 1). The average decrease in BPE during NAC
was 1.5 + 1.13 in the pCR group (Figure 1) and 0.91 £ 0.9 in the
non-pCR group (Figure 2), and the difference between groups
was also significant (p = 0.0008).

Table 2 and Figure 3 show the relationship between BPE and
recurrence or RFS. The mean baseline and post-NAC BPE and
changes in BPE did not significantly differ in the recurrence-free
and recurrence groups (Table 2). Patients with high (moderate
and marked) baseline BPE had a poorer RES than patients with
low (minimal and mild) BPE, but these differences were not
statistically significant (Figure 3a). There was no significant asso-
ciation between BPE and the molecular subtype of breast cancer
(Table 3).

Table 4. Baseline BPE and menopausal status/mammographic
densities

Baseline BPEs p value
Menopausal status Pre 2.77 £ 0.86 <0.0001
Post 2.05 +.069
Mammographic a 225+0.5 0.0551
density
b 2.25+0.65
c 2.67 +0.95
d 2.64 +0.91

BPEs, background parenchymal enhancements.

Table 4 presents the association among the baseline BPE, meno-
pausal status and mammographic parenchymal density. The
baseline BPE of pre-menopausal females (2.77 + 0.86) was
greater than those of post-menopausal females (2.05 + 0.69),
and the difference was significant (p < 0.0001). Mammographic
parenchymal density did not show a significant association with
baseline BPE (p = 0.0551).

DISCUSSION

Similar to mammographic breast density, the level of BPE in
MR imaging after contrast medium administration is a feature
of normal breast tissue.” This fibroglandular enhancement could
affect the evaluation of breast lesions. Most previous studies have
been concerned with breast BPE in diagnostic settings. One such
study reported that the accuracy of MRI for evaluating the extent
of a tumor was significantly better in cases with minimal or mild
BPE (84%) than those with moderate or marked BPE (52%,
p =0.002).'

BPE and their relation to NAC outside the diagnostic setting
have not been investigated in many studies to date. In our present
study, we evaluated the relationship between BPE on a breast MRI
and the pathological tumor response to NAC in breast cancer
patients. We found that post-NAC BPE and average change in
BPE after NAC were correlated with this pathological tumor
response. Although the baseline BPE did not differ significantly
according to the pathological tumor response (p = 0.2019), the
post-NAC BPE was significantly lower in the pCR group than in
the non-pCR group (p = 0.0004). The change in BPE after NAC
was also significantly greater in the pCR group (1.5 + 1.13) than
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in the non-pCR group (0.91 + 0.9, p = 0.0008). Recognizing the
pathological tumor response after NAC is important because it
can predict long-term outcomes in breast cancer patients and
therefore is a surrogate marker for survival. Our current study
findings have suggested that BPE is associated with breast patho-
logical tumor responses following NAC, as did a previous study
by Predibsch et al'” and that the post-NAC BPE and the change
in BPE may have potential as predictors of these pathological
tumor responses.

It has been noted that high stromal signal enhancement on
MRI is related to lower local recurrence and longer disease-
free survival.'® This study was based on the concept that the
normal-appearing breast stroma outside the tumor may have a
role in tumor pathogenesis and treatment response. It was postu-
lated that a high stromal signal enhancement may reflect high
microvessel density resulting in greater delivery of the chemo-
therapeutic agents to the tumor, which is related to a good treat-
ment response and a better clinical outcome.'® In contrast, Kim
et al”’ found that a higher parenchymal signal enhancement
ratio on pre-operative MRI was a significant predictor for ipsilat-
eral breast tumor recurrence in breast cancer patients following
breast-conserving surgery. Choi et al*” also found that high BPE
on pre-NAC MRI were significantly associated with a poorer RFS
in an NAC setting. There is no agreement on local recurrence
and RFS. In our current study also, there was no statistically
significant association found between BPE and RFS or even the
molecular subtypes of breast cancer.

In our present analysis, the baseline BPE was greater in
pre-menopausal females than in post-menopausal females, with
statistical significance (p < 0.0001). This result is consistent with
that of Preibsch et al.'” Our current results suggested that ovarian

function may be related to the BPE. Several studies looked at the
association between BPE and menopausal status of women.'®!?
Significant difference in BPE was noted between post-meno-
pausal and pre-menopausal females, and the menstrual cycle
at the time of MRI examination can affect BPE pattern.*"** For
females with strong hormone effects, normal fibroglandular
enhancement can be fast and strong.'?

Our study had some limitations of note. First, this was a
retrospective study with a relatively small sample size and
was conducted at a single institute. Therefore, further anal-
yses might be needed in larger study population. Larger scale
studies are also warranted to validate the applicability of our
study results. Second, all of the patients we included were diag-
nosed with breast cancer and underwent NAC, and the timing
of the MR examination could not be adjusted to the menstrual
cycle, because of the risk of delay in treatment. Third, the
assessment of the degree of BPE is subjective, and it might
depend on the reader’s experience. Observer variability may
be an issue, but we could not evaluate the intra-observer and
inter-observer reproducibility because we made a decision by
consensus. If a quantitative analysis were possible, it would be
more objective.

In conclusion, the degree of BPE reduction on breast MRI
correlates with the pathological tumor response to NAC in
breast cancer patients. However, baseline BPE does not serve
as a predictor of this pathological tumor response. Our current
findings suggest that the change in BPE may have potential as
a biomarker for pathological tumor response in breast cancer
patients treated with NAC. Further research is needed to obtain
concordant results on the relationship between BPE and survival
in patients receiving NAC.
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