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A B S T R A C T

Purpose: To investigate how breast parenchymal uptake (BPU) of 18F-FDG on positron emission tomography/
magnetic resonance imaging (PET/MRI) in patients with breast cancer is related to background parenchymal
enhancement (BPE), amount of fibroglandular tissue (FGT), and age, as well as whether BPU varies as a function
of distance from the primary breast cancer.
Materials and Methods: In this institutional review board (IRB)-approved retrospective study, 40 patients (all
female, ages 32–80 years, mean 52 years) gave informed consent prior to undergoing contrast enhanced breast
PET/MRI from 3/2015 to 2/2018. Of the 40 patients, 6 were excluded for multicentric or bilateral cancers, 1 for
current lactation and 6 because the raw data from their scans were corrupted. The remaining 27 patients (all
female, ages 33 to 80 years, mean age 53 years) comprised the study population. Prone PET and contrast-
enhanced MR data were acquired simultaneously on a 3-T integrated PET/ MR system. BPU was measured as
SUVmax of a 1.5 cm3 volume of interest 1) in the same quadrant of the ipsilateral breast, 5 mm from the index
lesion; 2) in the opposite quadrant of the ipsilateral breast; and 3) in contralateral breast, quadrant matched to
the opposite quadrant of the ipsilateral breast. The maximum standardized uptake value (SUVmax) of the index
cancer was measured using a VOI that included the entire volume of the index lesion. Bleed from the primary
tumor was corrected for (PET edge, MIM). FGT and BPE was assessed by 2 readers on a 4-point scale in ac-
cordance with BI-RADS lexicon. The Wilcoxon signed rank test and the Spearman rank correlation test were
performed.
Results: BPU was significantly greater in the same quadrant as the breast cancer as compared with the opposite
quadrant of the same breast (p < 0.001 for both readers) and was significantly greater in the opposite quadrant
of the same breast compared to the matched quadrant of the contralateral breast (p=0.002 for reader 1
and<0.001 for reader 2). While the FGT SUVmax in the same quadrant as the cancer correlated significantly
with SUVmax of the index lesion, the FGT SUVmax in the opposite quadrant of the same breast and in the
matched quadrant of the contralateral breast did not. The FGT SUVmax in the contralateral breast positively
correlated with the degree of BPE and negatively correlated with age, but did not show a significant correlation
with the amount of FGT for either reader.
Conclusion: There appears to be an inverse correlation between metabolic activity of normal breast parenchyma
and distance from the index cancer. BPU significantly correlates with BPE.
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1. Introduction

Many types of imaging including mammography, ultrasound, and
MRI, are used to screen for and to characterize breast cancers [1]. In
addition to providing information about whether there is a tumor, these
studies also provide background information, or information about
normal breast tissue. On mammogram, the amount of fibroglandular
tissue (FGT) is represented as breast density, and is categorized into 4
groups, from A, the breasts are almost entirely fatty, to D, the breasts
are extremely dense [2]. This background information has been stu-
died, and it has been shown that breast density is both a risk factor for
breast cancer [3–5] and a risk factor for breast cancer going undetected
by mammography [6]. On magnetic resonance imaging (MRI), back-
ground parenchymal enhancement (BPE) is the enhancement of normal
FGT after intravenous contrast administration. BPE is a functional
marker, reflective of perfusion and vascular permeability and, like
breast density, is categorized into 4 groups, from A, minimal, to D,
marked [7]. BPE has also been studied and has been shown to correlate
with estrogen status, varying along with menstrual phases [8,9], de-
creasing with menopause [10] and in response to anti-estrogen thera-
pies including tamoxifen [11,12], aromatase inhibitors [12–14] and
oophrectomy [15,16] as well as in response to chemotherapy [17]. BPE
has also been investigated as a potential risk factor for breast cancer
[18–20].

Positron Emission Tomography (PET)-based imaging for breast
cancer includes Positron Emission Mammography (PEM) PET/CT, and
PET/MRI, which are functional and anatomic techniques that typically
use fluorine-18 fluorodeoxyglucose (18F-FDG) uptake to detect in-
creased tissue metabolism via glucose. PET/MRI of the breast is an
emerging tool that may provide increased specificity over MRI alone,
improved nodal restaging, and also facilitates the acquisition of many
PET and MRI metrics that are being investigated for their clinical utility
[21]. PET/CT is a well-known whole body imaging technique com-
monly used in staging and restaging advanced breast cancer. PEM is a
breast specific imaging modality, which uses smaller detectors with
higher spatial resolution [22]. The normal FGT uptake of 18F-FDG on
each of these PET imaging modalities is referred to as background
parenchymal uptake (BPU).

A few studies have begun to investigate BPU to delineate its re-
lationship with breast density, FGT and BPE. BPU obtained from PEM
has been shown to correlate with breast density on mammography, but
not to correlate with BPE on MRI [23]. On PET/CT, BPU has been
shown to positively correlate with FGT [24] and BPE [24–26] and to
vary with the menstrual cycle [25]. Thus far, the studies looking at the
relationship between BPU and BPE have been limited by positioning of
the breast on PET/ CT versus MRI (supine vs. prone) as well as timing of
the studies in that exams are performed separately, often a few days
apart. Furthermore, the effect of a primary breast cancer on BPU of the
ipsilateral and contralateral breast has not been studied.

In this study, we use integrated prone breast PET/ MRI to in-
vestigate the relationship of BPU with BPE, amount of FGT and age, as
well as BPU variation by location relative to a known breast cancer.

2. Materials and methods

2.1. Patient population

In this institutional review board-approved and Health Insurance
Portability and Accountability Act-compliant study with written in-
formed consent, 40 patients (all female, ages 32–80 years, mean 52
years) underwent contrast enhanced breast PET/MRI between March
2015 and February 2018 on an integrated, simultaneous PET/3 T MR
system (Siemens Healthcare, Erlangen). Inclusion criteria included a
biopsy-proven untreated breast cancer 2 cm or greater in maximal di-
mension or a biopsy-proven breast cancer of any size with at least one
biopsy proven axillary nodal metastasis. Exclusion criteria included

image corruption, multi-centric or bilateral breast cancer, and current
lactation as additional disease sites and lactational changes compro-
mised measurements.

2.2. Image acquisition

Each patient fasted for at least four hours prior to 18F-FDG PET/MR
imaging. When applicable, insulin was withheld for 6 h. Blood glucose
levels were verified to be lower than 200mg/dL (11.1mmol/L).
555M Bq 18F-FDG was administered intravenously. Patients then rested
quietly in a dark room for 45min.

PET and MR data were acquired simultaneously with the patient in
prone position and breasts in mild compression using a 3-T Biograph
MR system (Siemens Healthcare, Erlangen, Germany) and a dedicated
multi-channel breast coil (Noras, Wurzburg, Germany). PET data was
collected for 15min, 45–60minutes after injection. The PET images
were reconstructed for a resolution of 4.2× 4.2×2 mm3 with at-
tenuation correction using patient-specific T1-Dixon-baed attenuation
correction and breast coil μ-maps. Standardized uptake value was cal-
culated using the raw PET image values, total body mass, time from
injection, and instrumental calibration factors as per standard re-
construction.

Dynamic contrast enhanced MR imaging data were acquired by
using the Golden-angle RAdial Sparse Parallel (GRASP) MRI method
[27]. The GRASP data were acquired using a radial stack-of-stars 3D
spoiled gradient echo pulse sequence with frequency-selective fat sup-
pression, TR/TE=3.27/1.39,s, flip angle= 12 deg, resolution= 1.4
×1.4×2.5mm3, image matrix size= 256×256×80. A total of
1497 spokes (6:29min) were acquired to generate 5 frames of 3D
images (78 s/frame using 299 spokes/frame) using the online image
reconstruction provided by the manufacturer. After baseline acquisition
of 78 s (29 spokes), a single dose of gadobutrol (Gadavist; Bayer
Healthcare LLC, Whippany, NJ) at 0.05mM/kg body weight was in-
jected at 2mL/sec, followed by saline flush with a power injector
(Medrad, Indianola, Pa), while the scan continues for another 5min
11 s (1196 spokes). This lower dose was to allow for a subsequent ga-
dolinium injection during the whole body PET/MRI, which followed
this breast exam but was not evaluated as part of this study. BPE was
assessed on the 3rd frame which corresponded to approximately 90 s
post-injection and was also adequate to identify the index lesion.

2.3. Image analysis

Images were sent to the picture archiving and communication
system (PACS) (Intellispace, Philips, Amsterdam) and imported into
MIM software (MIM, Beachwood, OH) where PET and MRI sequences
were superimposed. Two breast radiologists with 8 and 1 years of ex-
perience separately localized and measured the index lesions on fused
T1 post-contrast/PET images. The maximum standardized uptake value
(SUVmax) of the index cancer was measured and recorded using a VOI
that included the entire volume of the index lesion. SUVmax was also
measured and recorded for FGT at three locations: 1) ipsilateral breast,
5 mm from the cancer in the same quadrant, 2) ipsilateral breast, op-
posite quadrant, and 3) contralateral breast, quadrant matched to the
ipsilateral breast, using a 1.5 cm3 volume of interest as shown in Fig. 1.
An automated gradient-based contouring tool (PET Edge, MIM Soft-
ware) was applied to the index cancer to correct PET bleeding artifact
when obtaining SUVmax values in FGT.

In PACS, the amount of FGT was separately assessed by each radi-
ologist on the T1-weighted pre-contrast image series on a four point
scale (a. almost entirely fat, b. scattered fibroglandular tissue, c. het-
erogeneous fibroglandular tissue, and d. extreme fibroglandular tissue),
and the amount of BPE was assessed on the first post-contrast sub-
tracted image series on a four point scale (a. minimal, b. mild, c.
moderate, and d. marked), as described in the MRI portion of the BI-
RADS lexicon [7]. Patient age, menopausal status, and tumor
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histopathology was recorded from the medical record (Epic, Verona,
WI).

2.4. Statistical analysis

Inter-reader agreement in terms of the numeric SUV measures was
assessed using the intra-class correlation (ICC) and in terms of the or-
dinal BPE and FGT measures using the linear weighted kappa coeffi-
cient. The level of agreement was interpreted as poor when the measure
(M) of agreement (kappa or ICC) was less than zero, slight when
0≤M≤ 0.2, fair when 0.2 < M≤ 0.4, moderate when
0.4 < M≤ 0.6, substantial when 0.6 < M≤ 0.8 and almost perfect

when M > 0.8. The Wilcoxon signed rank test was used to compare the
SUV values in different locations of the same patient: ipsilateral, same
quadrant vs ipsilateral, outer quadrant; ipsilateral, same quadrant vs
contralateral; and ipsilateral, opposite quadrant vs contralateral. The
Spearman rank correlation was used to assess the relationship of the
SUV in the contralateral breast with SUVmax of lesion, BPE, FGT, and
age. All statistical tests were conducted at the two-sided 5% sig-
nificance level using SAS 9.3 software (SAS Institute, Cary, NC).

3. Results

Of the 40 patients, six were excluded for multicentric or bilateral

Fig. 1. Example measurements for the 18F-FDG PET SUVmax values for a patient with left invasive ductal carcinoma on fused PET/MR images. (a) SUVmax=13.24
for the target lesion. (b) SUVmax=1.9 for the BPU in the ipsilateral breast, 5 mm from the target lesion in the same quadrant. (c) SUVmax=0.784 for the BPU in the
contralateral breast, quadrant matched to the ipsilateral breast. (d) SUVmax=1.47 for the BPU in the ipsilateral breast, opposite quadrant. BPU values were all
obtained using a 1.5 cm3 volume of interest.
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cancers, one was excluded for current lactation and an additional six
were excluded because the raw data from their scans was corrupted.
The remaining twenty-seven patients (all female, ages 33 to 80 years,
mean age 53 years) comprised the study population. Breast cancer type
was invasive ductal cancer (IDC) in 24 patients, invasive lobular cancer
(ILC) in 1 patient, and invasive mammary cancer not otherwise speci-
fied in 2 patients. There were 14 post-menopausal patients (51.9%) and

13 pre-menopausal patients (48.1%). BPE and FGT distributions are
included in Table 1. Inter-reader agreement was almost perfect for both
BPE (k= 0.82) and FGT (k=0.94).

The mean SUVmax and standard deviation (SD) of the index cancers
and BPU in the ipsilateral breast same quadrant, ipsilateral breast op-
posite quadrant, and contralateral breast are listed in Table 2. Fig. 2
shows a box plot of these values. Inter-reader agreement for BPU was
almost perfect with ICC of 0.99 for BPU in the ipsilateral breast, same
quadrant and ipsilateral breast, opposite quadrant and 0.95 for BPU in
the contralateral breast. The BPU in the contralateral breast positively
correlated with the degree of BPE and negatively correlated with age
but did not show significant correlation with the amount of FGT for
either reader (Table 3).

BPU decreased with increasing distance from the index lesion, from
a high of 1.25 +/- 0.52 for reader 1 and 1.25 +/- 0.51 for reader 2 in
the same quadrant as the index lesion to 0.63 +/- 0.38 for reader 1 and
0.62 +/- 0.4 for reader 2 in the contralateral breast, matched quadrant.
BPU was significantly greater in the same quadrant as the breast cancer
as compared with the opposite quadrant of the same breast for both
readers (p < 0.001) and was significantly greater in the opposite
quadrant of the same breast compared to the matched quadrant of the
contralateral breast (p= 0.002 for reader 1 and<0.001 for reader 2)
(Table 4a). While the BPU in the same quadrant as the cancer correlated
significantly with SUVmax of the index lesion, the BPU in the opposite
quadrant of the same breast and in the matched quadrant of the con-
tralateral breast did not (Table 4b).

4. Discussion

Our results show a significant moderate correlation between BPU
and BPE in breast cancer patients. These results are similar to those
observed by Leithner et al [24], An et al [25], and Mema et al [26], who
also found positive correlations between BPU and BPE with different
image acquisition techniques. These authors derived BPU from a whole
body PET/CT [25,26] or breast PET/CT [24] and BPE from a separate
breast MRI. Breasts are typically positioned supine in a whole-body
PET/CT acquisition which compresses the breast tissue on top of itself.
That our results were similar to those from studies with BPU acquired in
supine position suggests that breast positioning may not have a large
influence on BPU. These prior studies were somewhat limited by the
timing of the PET/CT and breast MRI, as both exams were not ne-
cessarily performed on the same day, which could have weakened
correlations with BPE measurements [24–26], because BPE is known to
fluctuate. Like other authors, we also found that BPU inversely corre-
lates with age [23,24,28].

Unlike Leithner et al [24], we did not see a significant positive
correlation between BPU and FGT, possibly because of our small cohort.
To the authors’ knowledge, no other studies reported on whether FGT
and BPU correlate.

Our results also show that BPU varies significantly by location re-
lative to the known breast malignancy, with higher values nearer the
index lesion and lower values in the contralateral breast. Whether this
result is artifactual, related to bleed from the index lesion, or is a true
finding is difficult to determine. That BPU in the same quadrant as the
index lesion correlated with the SUVmax of the index lesions suggests
that artifact from the tumor affects the adjacent tissue and/or that there
are metabolic abnormalities in the tissues adjacent to the tumor that are
not frank cancer. BPU in the quadrant opposite from the index lesion
and in the contralateral breast did not correlate with the SUVmax of the
index lesion, suggesting that these values are independent of the me-
tabolic activity of the primary tumor. This pattern of uptake parallels
the likelihood of breast cancer recurrence, which, in a radiation naïve
breast, has been shown to be highest at the original cancer site [29].
Recurrence risk is also higher in the ipsilateral breast than in the con-
tralateral breast [30–32]. This distribution suggests that increased
metabolic activity of the non-cancerous breast tissue may reflect

Table 1
Patient Characteristics. For Background parenchymal enhancement (BPE) and
fibroglandular tissue (FGT), results are reported for each of two readers (R1 and
R2).

Patient Group Total Number

Patients 27
Age (range) 53 (33-80)
Menopausal status
Post 14 (51.9%)
Pre 13 (48.1%)
Background Parenchymal Enhancement on MRI
Minimal 6 (22.2%) R1, 8 (29.6%) R2
Mild 14 (51.9%) R1, 12 (44.4%) R2
Moderate 6 (22.2%) R1, 6 (22.2%) R2
Marked 1 (3.7%) R1, 1 (3.7%) R2
Fibroglandular Tissue on MRI
Almost Entirely Fatty 6 (22.2%) R1, 5 (18.5%) R2
Scattered Fibroglandular Tissue 8 (29.6%) R1, 8(29.6%) R2
Heterogeneous Fibroglandular Tissue 7 (25.9%) R1, 8(29.6%) R2
Extreme Fibroglandular Tissue 6 (22.2%) R1, 6 (22.2%) R2
Breast Cancer Size
2 - 4 cm 24 (88.9%)
> 4 cm 3 (11.1%)
Histopathology
Invasive Ductal Cancer 24 (88.9%)
Invasive Lobular Cancer 1 (3.7%)
Invasive Mammary Cancer 2 (7.4%)

Table 2
The Spearman rank correlation (r) and p value for the association of SUVmax in
the contralateral breast with age, BPE, FGT and SUVmax of lesion.

Reader 1
r

Reader 1 p-value Reader 2
r

Reader 2
p-value

Age −0.46 0.02 −0.50 0.01
BPE 0.42 0.03 0.48 0.01
FGT 0.15 0.45 0.36 0.06

Fig. 2. SUVmax of index breast cancers and fibroglandular tissue by location.
Box plots indicate median values and interquartile range (IQR). Vertical lines
extend to the highest and lowest SUVmax values excluding outliers. Outliers,
defined as values greater than 1.5 x IQR outside of the IQR, are indicated by
circles. This figure depicts reads from Reader 1. Readers 1 and 2 had almost
perfect agreement for BPU at each location with ICCs from 0.95 to 0.99.
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favorable host conditions for breast cancer development and growth. It
would be interesting to assess whether ipsilateral BPU decreases in
response to radiation therapy, which reduces local breast cancer re-
currence [33], and whether bilateral BPU decreases in response to
systemic chemotherapy, which may reduce both ipsilateral and con-
tralateral breast cancer recurrences [32]. It would also be interesting to
study whether, like BPE, BPU decreases with anti-estrogen therapy
[11–16], and, if so, whether a decrease in BPU is associated with a
decreased rate of breast cancer occurrence and could be a marker for
successful chemoprevention.

Limitations of our study include that this is a retrospective study
with a small sample size performed at a single institution, these results
may not be generalizable to broader populations. BPE was assessed on a
non-traditional T1-weighted sequence, which may have affected as-
sessment- however, the BPE distribution was within an expected range.
PET/MRI examinations were not performed during the same time of the
menstrual cycle, which may have influenced BPE and BPU, although as
the focus of this study was relative values of BPE, we believe any effect
to be small. Lastly, the possibility of subjectivity bias may exist in
qualitative assessment of BPE and manual selection of ROI to determine
BPU.

In conclusion, BPU positively correlates with BPE and negatively
correlates with age. Further, metabolic activity of normal breast par-
enchyma in breast cancer patients appears to inversely correlate with
distance from the index cancer, paralleling the location pattern prob-
ability for breast cancer recurrence. Further study is warranted to in-
vestigate the role of metabolic activity in normal tissue in breast cancer
development and whether BPU could be used as a modifiable imaging
bio-marker for breast cancer risk.
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