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The purpose of this study was to analyze background parenchymal enhancement (BPE) in the contralateral
normal breast of cancer patients during the course of neoadjuvant chemotherapy (NAC).
Forty-five subjects were analyzed. Each patient had three MRIs, one baseline (B/L) and two follow-up (F/U)
studies. The fibroglandular tissue in the contralateral normal breast was segmented using a computer-
assisted algorithm. Based on the segmented fibroglandular tissue, BPE was calculated. BPE measured in
baseline (B/L) and follow-up (F/U) MR studies were compared. The baseline BPE was also correlated with
age and compared between pre/peri-menopausal (b55 years old) and post-menopausal women
(≥55 years old). The pre-treatment BPE measured in B/L MRI was significantly higher in women
b55 years old than in women ≥55 years old (20.1% ± 7.4% vs. 12.1% ± 5.1%, p ≤ 0.01). A trend of
negative correlation between BPE and age was noted (r = −0.29). In women b55 years old, BPE at F/U-1
(18.8% ± 6.9%) was decreased compared to B/L, and was further decreased in F/U-2 (13.3% ± 5.7%) which
was significant compared to B/L and F/U-1. In women ≥55 years old, no significant difference was noted in
any paired comparison among B/L, F/U-1 and F/U-2 MRI. A higher baseline BPE was associated with a
greater reduction of BPE in F/U-2 MRI (r = 0.73). Our study showed that younger women tended to have
higher BPE than older women. BPE was significantly decreased in F/U-2 MRI after NAC in women
b55 years old. The reduction in BPE was most likely due to the ovarian ablation induced by
chemotherapeutic agents.
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1. Introduction

Contrast enhancement in normal fibroglandular breast tissue of
women, namely background parenchymal enhancement (BPE), is
commonly observed in dynamic contrast-enhanced (DCE)-MRI.
Multiple factors, including age, menstrual or menopausal status,
and the use of hormones can affect breast glandular tissue
enhancements [1–5]. A marked BPE is more commonly seen in
younger women, and the degree of BPE naturally decreases with age
[5,6]. BPE can be measured qualitatively by visually evaluating the
degree of enhancement as severe (marked), intermediate (moder-
ate), mild and absent (minimal) [6–8], or it can be measured
quantitatively by manually placing a region of interest (ROI) on the
most enhancing part of the normal tissue [7]. These twomethods are
subject to rater variations. Alternatively, BPE can be measured
-

precisely based on segmented fibroglandular tissue in the breast, by
averaging the enhancements from all pixels [9].

BPE may influence the diagnostic performance of breast MRI. It
was noted that the degree of background tissue enhancement might
affect the detection sensitivity of breast MRI [1,2,8,10], as well as the
staging of cancer [11]. It was shown that for evaluating tumor extent,
the accuracy of MRI with moderate/marked BPE was significantly
lower than that with minimal/mild BPE [11,12]. Also, the detection
of non-mass-like enhancements, such as ductal carcinoma in situ
(DCIS), is more difficult in the presence of moderate/marked
BPE [11].

A recent study examining the relationships between breast cancer
and both amount and the enhancement of fibroglandular tissue atMRI
has found that increased BPE is strongly predictive of breast cancer
odds [13]. The breast cancer odds also increased with increasing
amount offibroglandular tissue, but the BPE remained significant after
adjustment for the amount of fibroglandular tissue [13].

Neoadjuvant chemotherapy (NAC) has been increasingly used
for treatment of breast cancer, and MRI is commonly used to
monitor the tumor response during and after NAC. The value of BPE

http://dx.doi.org/10.1016/j.mri.2013.07.014
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surrounding primary breast tumors in the diseased breast on MRI
was noted to be associated with response to NAC [14]. Change of BPE
in the contralateral normal breast following NAC has not been
studied before. Since BPE may affect the detection of residual tumor
or contralateral breast lesions, it may be clinically important to
investigate how BPE changes following the administration of
chemotherapeutic regimens. A previous study has found that the
breast density (characterized by fibroglandular tissue volume and
the percent density by normalizing fibroglandular tissue volume to
the total breast volume) is decreased in patients receiving NAC [15],
and that the density reductionwasmost likely mediated through the
suppression of ovarian function due to chemotherapy [16,17]. It was
noted that the likelihood of permanent chemotherapy-induced
menopause is directly related to age [16]. Older age and the addition
of taxane to doxorubicin and cyclophosphamide (AC) increased the
risk of chemotherapy-induced amenorrhea (CIA) and the amenor-
rhea was more likely to be irreversible for women N40 [17].

In the present study we investigated the degree of BPE in the
contralateral normal breast of patients undergoing NAC. The pre-
treatment baseline BPE was correlated with age, and compared
between pre/peri-menopausal women (b55 years old) and post-
menopausal women (≥55 years old). The BPE measured in baseline
and follow-up MRI studies during the course of NAC treatment was
compared to evaluate the impact of chemotherapy on BPE.
Table 1
Background parenchymal enhancement (mean ± standard deviation, %) in the group
women b55 and ≥55 years old.

Baseline MRI F/U-1 MRI F/U-2 MRI

b55 years old Entire DCE period 20.1 ± 7.4 18.8 ± 6.9 13.3 ± 5.7⁎,†

Early (1 ~ 3 min) 12.1 ± 9.5 11.4 ± 10.5 7.1 ± 5.6⁎,†

Middle
(3 ~ 5 min)

22.0 ± 14.9 20.5 ± 15.8 14.6 ± 10.1 ⁎,†

Late (5 ~ 7 min) 26.2 ± 15.9 24.7 ± 16.5 18.1 ± 11.4 ⁎,†

≥55 years old Entire DCE period 12.1 ± 5.1 11.0 ±3.8 11.8 ± 4.8
Early (1 ~ 3 min) 6.5 ± 4.3 7.0 ± 5.4 6.6 ± 4.0
Middle
(3 ~ 5 min)

13.8 ± 7.1 11.5 ± 6.8 13.9 ± 9.7

Late (5 ~ 7 min) 16.1 ± 8.9 14.5 ± 7.9 14.8 ± 8.3

⁎ Significantly lower compared to the baseline value.
† Significantly lower compared to the F/U-1 value.
2. Materials and methods

2.1. Subjects

This retrospective study was approved by the institutional
review board and was HIPAA compliant. All patients gave informed
consent to participate in the breast MRI studies. Forty-five subjects
(30–72 years old, mean 48 years old) were analyzed in this study.
The patient cohort was recruited in a period of 3½ years (from
March 2003 to August 2006) among 65 patients who elected to
receive NAC either due to inoperable tumor or with clinically
documented lymph node involvement. Each NAC patient received
several MRI scans for response monitoring. In this study, only those
patients who had the baseline (B/L) MRI prior to the NAC, the first
follow-up (F/U-1) MRI after 2 cycles of doxorubicin (Adriamycin)
and cyclophosphamide (AC), and the second follow-up (F/U-2) MRI
after 4 cycles of AC or 2 cycles of AC plus 1 month of taxane
regimen were included for data analysis. In total, 45 patients were
studied. Twenty patients of the initial 65 patients were excluded
from this study due to lack of baseline MRI (n = 2), lack of F/U-1
MRI (n = 11), and lack of F/U-2 MRI (n = 7). Of the 45 patients,
33 women were b55 years old, and 12 were ≥55 years of age.
Thirty-nine women had pathology-proven invasive ductal cancers
(IDC), 5 had infiltrating lobular cancers (ILC), and 1 had IDC mixed
with ILC. The baseline tumor size ranged from 0.5 to 9.9 cm
(mean ± STD = 4.1 ± 2.5 cm). According to the American Joint
Committee on Cancer (AJCC) TNM system, 10 patients had stage I
cancer and 35 patients had stage II cancer. Of the 45 women, 25
had estrogen receptor (ER)-positive cancers and 20 had ER-
negative cancers. Twenty-four women had Her-2-positive cancers
and 21 had Her-2-negative cancer. Five women had triple-negative
cancers. Twenty-seven women had cancers in the left breast and 18
had cancers in the right breast. In the present study, only the
contralateral normal breast was analyzed. Thirty-four of the 45
patients in this study had been investigated and reported
before [15]. However, the purpose of these two studies was
different. The previous paper was to investigate the reduction of
breast density, and the current study was to measure background
parenchymal enhancement.
2.2. Neoadjuvant chemotherapy

Biweekly AC was administered as the first-line regimen. After
2 cycles of AC, the patients continued to receive 2 additional cycles of
AC or were switched to a taxane-based regimen based on the
oncologist's evaluation. The second-line taxane-based regimen
comprised paclitaxel or Nab-paclitaxel (Abraxane, albumin-bound
nanoparticle of paclitaxel), combined with carboplatin. All Her-2-
positive patients also received trastuzumab. Her-2-negative patients
also received bevacizumab.

2.3. MRI studies

The breastMRI studywas performed on a 1.5 TMR scanner (Philips
Medical Systems, Cleveland, OH)with a dedicated four-channel breast
coil. The imaging protocol included sagittal view pre-contrast T1-
weighted imaging, and axial viewbilateral dynamic contrast-enhanced
MR imaging using a 3D Spoiled Gradient Recalled (SPGR) pulse
sequence with 16 frames, including 4 pre-contrast and 12 post-
contrast sets. The parameters were TR = 8.1 ms, TE = 4.0 ms, flip
angle = 20°, 32 axial partitions with slice thickness = 4 mm, matrix
size = 256 × 128, and field of view = 32–38 cm. Gadodiamide
(Omniscan, GE Healthcare) contrast agent was injected 0.1 mmol/kg
in about 15 s at the beginning of the fifth acquisition followed by 10 cc
saline for flushing. The scan time was 42 s per acquisition.

2.4. Breast and fibroglandular tissue segmentation

For each case, the side of contralateral normal breast was
identified. The fibroglandular tissues on all imaging slices were
segmented by an experienced operator (H.Y., a medical physicist
with 5 years of experience in segmenting breast MRI) by using a
computer-assisted algorithm [18]. This method has small measure-
ment errors, with the intra-operator variation of 2.8% and inter-
operator variation of 3.8% [18]. The measurement variation caused
by body position is in the range of 3%–4% [18].

To ensure consistency, the operator had to go through training
process using test data sets and demonstrated that the measure-
ments done on two occasions could reach b5% measurement
variation. The superior (the beginning slice) and inferior (the ending
slice) boundaries of the breast were determined by comparing the
thickness of breast fat with the body fat. Non-breast subcutaneous
fat on the chest typically displays homogenous thickness across the
chest wall, whose fat–air boundary is closely parallel with the chest
wall–fat boundary [19].

The procedures for the breast and fibroglandular tissue segmen-
tation consisted of the following: (a) determining the posterior
boundary of the breast by performing an initial V-shaped cutting at



Fig. 1. Correlation of mean BPE measured in baseline MRI with age. BPE decrease
with age, but there is a high individual variation and the overall correlation is weak
with r = − 0.29.

Fig. 2. BPE before and after NAC inwomen b55 years old (left) andwomen≥55 years
BPE is higher in the b55-year-old group than in the≥55-year-old group. The BPE dec
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the aortic arch level using three body landmarks, (b) applying a
fuzzy c-means-based segmentation algorithm with the B-spline
curve fitting to remove other chest wall tissues and to obtain the
chest-breast boundary, (c) performing a vertical line perpendicular
to the sternum in the middle to separate between the right and the
left breasts, (d) applying dynamic searching to exclude the skin
along the breast boundary to obtain the final breast boundary and
breast volume, and (e) applying the adaptive fuzzy c-means
algorithm for bias field correction to remove image signal intensity
nonuniformities and to segment the fibroglandular tissue from the
surrounding fatty tissue. Using the standard fuzzy c-means (FCM)
algorithm, all pixels on the image were classified into six clusters;
three as fibroglandular tissues and the other three as fatty tissues.
After completing the segmentation from all imaging slices, the
volume of fibroglandular tissue (FV) was calculated. The percent
density (PD) is calculated by dividing the FV by the whole breast
volume × 100%.

2.5. Calculation of BPE

BPE was defined as the average of the contrast enhancements
measured from all pixels contained within the segmented fibrogland-
ular tissue. BPE indicated a percent (%) increase of enhancement after
contrast injection (BPE = (Senh − Snon-enh/Snon-enh) × 100%, where
Senh denoted the signal intensity of the enhanced images and Snon-enh
old (r
rease
denoted the averaged signal intensity of the four non-enhanced
imaging sets). The calculation was done for each of the 12 post-
contrast frames acquiredduring the 7 minDCEperiod, and ameanBPE
for each case was obtained by averaging over all 12 time points. Also,
the mean enhancements in 3 DCE time segments, defined as “early”
(thefirst four post-contrast frames, approximately 1–3 min), “middle”
(the next four frames, 3–5 min), and “late” (the last four frames,
5–7 min), were calculated separately.

2.6. Statistics

7w?>The patients were separated into pre/peri-menopausal
(b55 years old) versus post-menopausal groups (≥55 years old) for
comparison. TheBPE inB/L, F/U-1 and F/U-2were comparedusing the
two-tailedpairedt-test.p b 0.05wasconsideredassignificant.APearson
correlation test was used to correlate the baseline BPE with age, the
reduction of BPEwith the baseline BPE, and the baseline BPEwith the
percent density. The correlation coefficient of |r| b 0.4 is considered
as a weak correlation, 0.4 ≤ |r| ≤ 0.7 as moderate, and |r| N 0.7 as a
strong correlation.

3. Results

3.1. Comparison of BPE in women b55 years old vs. ≥55 years old

The mean BPE calculated from the entire DCE period and the
early, middle, and late DCE time segments in the group of women
b55 and ≥55 years old are listed in Table 1. The enhancement
kinetics shows the persistent enhancing pattern, and the mean
values in the early to middle to the last DCE time segments show a
clear increasing trend. The mean BPE (%) from the entire DCE period
was higher in the b55-year-old group compared to ≥55-year-old
group (20.1 ± 7.4 vs. 12.1 ± 5.1, p = 0.01 for B/L MRI; 18.8 ± 6.9
vs. 11.0±3.8, p = 0.02 for F/U-1MRI; and 13.3 ± 5.7 vs. 11.8 ± 4.8,
p = 0.6 for F/U-2 MRI). The BPE in the baseline MRI before the
starting of treatment showed a trend of weak negative correlation
with age (r = − 0.29, p = 0.05, Fig. 1).

3.2. Change of BPE during chemotherapy

The mean enhancement curves in the B/L, F/U-1 and F/U-2 MRI
studies are plotted in Fig. 2. In the group of women b55 years old, the
mean BPE (%) shows a clear decreasing trend from B/L MRI to F/U-2
MRI with chemotherapy (20.1 ± 7.4 at B/L to 18.8 ± 6.9 at F/U-1 to
ight). The enhancement scale in the y-axis is the same. It is clearly noted that the level o
s from B/L to F/U-1 to F/U-2 in b55-year-old group, but not in the≥55-year-old group
f
.

image of Fig.�2


Fig. 3. Correlation of the percent reduction of BPE at F/U-2 MRI compared to the B/L
MRI with the baseline BPE. A higher baseline BPE is associated with a greate
reduction, with r = 0.73.
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11.8 ± 4.8 at F/U-2). For the entire DCE period and the early, middle,
and late DCE time segments, the BPE at F/U-2 was significantly
decreased compared to B/L (p = 0.0002, p = 0.0003, p = 0.0005,
and p = 0.0003 respectively) and F/U-1 (p = 0.0004, p = 0.001,
p = 0.0006, and p = 0.0004 respectively), but the difference
between F/U-1 and B/L was not significant (p = 0.48) (Table 1).
The percent BPE reduction at F/U-2 compared to the baseline value is
−30% ± 40%,−24% ± 35%, and−23% ± 37% for early, middle and
late DCE time segments, respectively. In contrast, there is not much
change in the group of women≥55 years old. Themean BPE (%) was
12.1 ± 5.1 at B/L, 11.0 ± 3.8 at F/U-1, and 11.8 ± 4.8 at F/U-2.
When the percent reduction of BPE was compared to the baseline
value, a strong correlation (r = 0.73, p b 0.0001) was noted (Fig. 3).
Two case examples from one post-menopausal woman and one pre-
menopausal woman are shown in Figs. 4 and 5, respectively.

Among the 33 pre-menopausal women, 16 had ER-positive
cancer and 17 had ER-negative cancer.

Both groups showed a significant reduction of BPE at F/U-2
MRI, compared to B/L MRI and F/U-1 MRI (all p b 0.05)
(Supplemental Figure 1). The BPE (%) did not show a significant
difference between these two groups of patients (B/L, 19.1 ± 13.3
vs.21.0 ± 13.7, p = 0.68; F/U-1, 18.4 ± 15.8 vs.19.2 ± 12.9, p = 0.88;
F/U-2, 12.7 ± 10.7 vs.13.8 ± 7.3, p = 0.73). Seventeen patients had
Her-2-positive cancerand16hadHer-2-negative cancer. TheBPE(%)did
not show a significant difference between these two groups of patients
(B/L, 22.1 ± 13.7 vs.17.9 ± 13.1, p = 0.38; F/U-1, 18.5 ± 16.6
vs.19.2 ± 11.7, p = 0.88; F/U-2, 13.2 ± 10.6 vs.13.4 ± 7.5, p = 0.95).
Fig. 4. Maximal intensity projection images in a 56-year-old woman with a 3-cm
hormonal-positive and HER-2-negative invasive ductal cancer in the left breas
(white arrow). Upper panel: baseline MRI; middle panel: F/U-1 MRI (after 2 cycles o
AC); lower panel: F/U-2 MRI (after 2 cycles of AC + taxane). Note the scarce
background enhancement in the fibroglandular tissue of the right breast, which does
not show much change in these three MRI studies.
3.3. Correlation of PD with BPE

The percent density (PD) was calculated by dividing the
segmented fibroglandular tissue volume to the total breast volume.
Only a trend of weak correlation was noted between PD and BPE
(r = 0.33, p = 0.03, Fig. 6). The case showing a minimal enhance-
ment on subtraction images may be due to a low contrast
enhancement in a dense breast (Fig. 7), or a low amount of
fibroglandular tissue (Fig. 8). Therefore, they may be used as
separate features of the normal breast tissue. Based on the
segmented fibroglandular tissue, we can separately evaluate the
amount (volume) and themean enhancement within the segmented
tissue. We also correlated PD at B/L MRI with percent reduction of
BPE at F/U-2 MRI and only a weak correlation (r = 0.28) was noted
(Supplemental Figure 2).

4. Discussion

Studies investigating breast parenchymal enhancements have
attracted more research attention recently [1–13]. Similar to breast
density at mammography, the level of BPE at MR imaging after
contrast medium administration is a feature of normal breast tissue
[13]. Most of the previous studies evaluating BPE used a qualitative
approach. In this study we used a sophisticated, comprehensive,
computer-aided algorithm [18] to segment the breast and the
fibroglandular tissue. This quantitative method allows for a precise
measurement of the mean enhancement from the entire fibrogland-
ular tissue. A previous study had used a similar approach to segment
fibroglandular tissue on sagittal T1W images [9]; however, how the
breast boundary was defined and how the fibroglandular tissue was
segmented were not clearly described.

Most of the previously reported studies analyzed patients
receiving diagnostic MRI. The fibroglandular enhancements could
affect the evaluation of breast lesions. It is a great concern for the non-
mass-like enhancement lesions, such as DCIS, since the boundary of
the lesions may not be well defined [12]. For tumor detection, the
sensitivities of MRI with minimal/mild and moderate/marked BPE
were 100% and 76% (p = 0.001), respectively. For evaluating tumor
t
f
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Fig. 5. Maximal intensity projection images of a 41-year-old woman with a 3.1-cm
hormonal-positive and HER-2-positive invasive ductal cancer in the left breast (white
arrow). Upper panel: baseline MRI; middle panel: F/U-1 MRI (after 2 cycles of AC)
lower panel: F/U-2 MRI (after 2 cycles of AC + taxane). Note the strong background
enhancement in the fibroglandular tissue of the right breast in the baseline MRI. The
enhancement decreases remarkably in the F/U-1 and F/U-2 MRI studies.
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;

Fig. 6. Correlation of mean BPE measured in baseline MRI with the percent density
(PD, the ratio of fibroglandular tissue volume normalized to the total breast volume)
A positive correlation is noted, but only weakly with r = 0.33.
extent, the accuracy of MRI was significantly better in cases with
minimal/mild BPE (84%) than those with moderate/marked BPE
(52%, p = 0.002) [11]. Increased BPE on breast MRI is also associated
with a higher abnormal interpretation rate [20,21]. Women with
minimal enhancement had a significantly higher rate of normal and
very likely benign diagnoses (BI-RADS categories 1 and 2 examina-
tions, 64.5%) than women with mild (38.8%), moderate (40%), or
marked (25.6%) enhancements [20]. A normal and benign diagnosis
can avoid the unnecessary short-term follow-up.

Different from diagnostic setting, BPE related to NAC has only
rarely been studied. It was noted that higher signal enhancement
ratios (SER) in the stroma of the diseased breast are significantly
associated with decreased local recurrence and longer disease-free
survival [14]. It was postulated that high stromal (parenchymal)
signal enhancement may be due to greater microvessel density and
thus better delivery of the chemo-regimens to the tumor, resulting in
a better clinical response and decreased likelihood of recurrence
after surgery [14]. Another study [22], however, found that a higher
parenchymal SER on preoperative MRI was an independent factor
associated with subsequent ipsilateral breast tumor recurrence in
patients with breast cancer who had undergone breast-conserving
treatment. These studies provided evidence regarding the impor-
tance of BPE in probing the stromal microenvironment, which is
related to the progression of breast cancer.

In the present study we analyzed patients who had confirmed
breast cancer and underwent NAC to investigate the effect of
chemotherapy on BPE. In order to completely avoid the impact of
enhancements associated with the cancer, only the contralateral
normal breast enhancement was studied. This was different from the
previous studies that analyzed the diseased breast [5,11,12]. The risk
of contralateral second breast cancer is about 10%–15% at 15 years
after treatment and is even higher for longer-term survivors [23,24].
The factors associated with the increased risk of contralateral breast
cancer are not fully understood. More frequent screening and/or
prophylactic approaches to reduce risks of second breast cancer are
adopted by breast cancer survivors [25]. In the continuous search of
effective prophylactic preventative options, it is highly desirable to
develop robust predictive tools for evaluating the risk of developing
secondary breast cancer. Increased BPE was noted as a strong
predictor of increased breast cancer risk [13]. A relatively large study
analyzed 1257 women who underwent breast MRI screening to
examine the relationships between breast cancer risk and both
amount of fibroglandular tissue and level of enhancement using a
categorical scale. It was found that when breast cancer cases were
compared with normal controls matched by patient ages and MR
imaging dates, the background tissue enhancement level was higher
in cases than in controls, thus a highly significant risk predictor of
breast cancer. The odds of breast cancer increased significantly with
increasing background tissue enhancement level [13]. If increased
BPE is proven as a risk factor, it has the potential to provide an
additional risk stratification tool for choosing the optimal follow-up
strategy, as well as to provide a surrogate marker for evaluating the
effect of chemopreventive or other interventions.

In this study we investigated the relationship between BPE and
woman's age. The cut-off age (55 years old) was chosen to ensure
that women ≥55 years old were indeed post-menopausal. It was
found that younger women (b55 years old) had a higher normal
fibroglandular tissue enhancement compared to the post-meno-
pausal women. By using age as a continuous variable, there was a
trend of negative correlation between BPE and age (r = −0.29). The
results suggest that BPE was related to functional ovaries. Other
studies have found a significant difference in women showing
moderate and marked enhancement between the pre-menopausal
and post-menopausal groups (p = 0.001) [1,10], and that the degree
of the BPE varies with the individual as well as with the phase in the
menstrual cycle at the time of imaging. In women with a strong
hormonal influence, enhancement in normal fibroglandular tissue
may be rapid and strong [10].

Our results further showed that in the group of women b55 years
old, the BPE decreased with chemotherapy, but the reduction was
.
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Fig. 7. A 30-year-old patient with dense breast as shown in pre-contrast images (top row), but the tissue shows a low contrast enhancement on subtraction images (bottom row).
The percent density is 25.3%, and the mean BPE is 13.2%.
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not obvious in the group of women ≥55 years old. This finding was
most likely associated with ovarian ablation induced by chemother-
apeutic agents [16,17], which resulted in a significant reduction of
BPE in F/U-2 MRI after 2 months of chemotherapy. A study
examining the hemodynamic effects of hormonal agents has
shown their impact on the significant increase of mammary blood
flow [26]. Other studies have also demonstrated the effects of
physiologic hormonal status [5] and hormone therapy [9,27–29] on
BPE in breast MRI.

Chemotherapy is known to cause significant atrophy of the
terminal ductal lobular units in the normal breast, including
reduction of the lobular acini, lobular sclerosis and the attenuation
of the lobular/ductal epithelium [30]. It was shown that NAC causes a
significant reduction of PD in pre-menopausal women [15]. In this
study we evaluated the association between the enhancement and
the amount of dense tissue, and found a weak correlation between
BPE and PD (r = 0.33). It was found that women with dense breast
Fig. 8. A 56-year-old patient with fatty breast. The percent density is
might show a low BPE, while women with a low density might show
a relatively high BPE within the dense tissue (as noted in Figs. 6 and
7). A few studies have also investigated the correlation between BPE
and breast density. Arkani et al. [31] found a significant correlation
between qualitative assessment of MR density and enhancement
levels in the cohort of 185 normal volunteers, but others did not find
a strong correlation [8]. The different results may be attributed to
different analysis methods that were used to assess density and
tissue enhancement in these studies.

There were several limitations in this study. The effect of BPE on
the detection of residual tumor is of great clinical interest; however,
we did not include an analysis of the normal-appearing parenchyma
surrounding the tumors.We only investigated BPE during the NAC. It
would be more helpful to know the long-term effects of NAC on BPE
after the conclusion of treatment rather than during treatment. The
number of subjects was small which might affect the statistical
significance. The breast MRI studies were scheduled based on NAC
only 2.2%, but it has a similar BPE of 13.8% comparable to Fig. 7.
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treatments, not based on the menstrual cycle of patients, which
was known to affect the BPE. However, it was impractical to
schedule MRI based on the menstrual cycle for patients undergoing
NAC. We have shown that the tissue enhancement increases with
post-injection time, thus the level of enhancement will be
dependent on the measurement time. In this study we averaged
over all 12 post-contrast frames to calculate a mean BPE, also we
measured BPE in three different DCE segments. The division of the
three segments was arbitrary. The early segment (1–3 min post-
injection) more likely reflects the imaging window used for
imaging subtraction and clinical interpretation. Our study was
different from other studies [14,22] that used SER to quantify the
parenchymal enhancement of the diseased breast. SER was found
to be able to detect the increased endothelial permeability in the
tissue microenvironment surrounding the tumor in patients with
ipsilateral breast tumor recurrence [22]. It was noted that an
interface zone, an alteration in the tissue microenvironment
preceding tumor invasion, may exist surrounding the tumor [32].
The SER quantification based on DCE-MRI had also been proven to
be a practical alternative to the measurement of kep [33], which
was used to characterize the microvasculature of the breast tumor
[34]. Since our study focused on the contralateral normal breast,
which was supposed to have very minimal leaky vessels, if any, a
method of averaging 12 post-contrast frames should suffice.

In conclusion, using a quantitative method to measure BPE based
on the segmented fibroglandular tissue in the normal breast of NAC
patients, it was noted that women of younger age tended to have
higher BPE than older women. BPE was significantly decreased in F/
U-2 MRI after NAC in women b55 years old. The reduction of BPE
after NAC correlated well with the pre-treatment BPE. A weak
correlation between BPE and PD was noted, suggesting that they
may serve as independent factors. The change of BPE and PD after
NAC in the contralateral normal breast may be used as a biomarker
for the assessment of secondary cancer risk, and that needs to be
investigated in the future.

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.mri.2013.07.014.
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