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Abstract
Objective: Women with advanced HER2− breast cancer have limited treatment options. Breast
MRI functional tumor volume (FTV) is used to predict pathologic complete response (pCR) to improve treatment efficacy. In addition to FTV, background parenchymal enhancement (BPE) may
predict response and was explored for HER2− patients in the I-SPY-2 TRIAL.
Methods: Women with HER2− stage II or III breast cancer underwent prospective serial breast
MRIs during four neoadjuvant chemotherapy timepoints. BPE was quantitatively calculated using
whole-breast manual segmentation. Logistic regression models were systematically explored
using pre-specified and optimized predictor selection based on BPE or combined with FTV.
Results: A total of 352 MRI examinations in 88 patients (29 with pCR, 59 non-pCR) were evaluated.
Women with hormone receptor (HR)+HER2− cancers who achieved pCR demonstrated a significantly greater decrease in BPE from baseline to pre-surgery compared to non-pCR patients (odds
ratio 0.64, 95% confidence interval (CI): 0.39–0.92, P = 0.04). The associated BPE area under the
curve (AUC) was 0.77 (95% CI: 0.56–0.98), comparable to the range of FTV AUC estimates. Among
multi-predictor models, the highest cross-validated AUC of 0.81 (95% CI: 0.73–0.90) was achieved
with combined FTV+HR predictors, while adding BPE to FTV+HR models had an estimated AUC of
0.82 (95% CI: 0.74–0.92).
Conclusion: Among women with HER2− cancer, BPE alone demonstrated association with pCR in
women with HR+HER2− breast cancer, with similar diagnostic performance to FTV. BPE predictors
remained significant in multivariate FTV models, but without added discrimination for pCR prediction. This may be due to small sample size limiting ability to create subtype-specific multivariate
models.
Key words: background parenchymal enhancement; breast cancer; HER2− breast cancer; magnetic resonance imaging;
neoadjuvant chemotherapy; tumor response.
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Introduction
Women with advanced breast cancer (stage II and III) have
significant morbidity and mortality, with a 5-year disease
specific survival as low as 33% (1). The neoadjuvant period
provides the opportunity to noninvasively monitor tumor
response to therapy with breast MRI, and redirect therapy
for women who are not responding in hopes of improving
their prognosis. Furthermore, the surrogate outcome pathologic complete response (pCR) has a high association with
survival, accelerating the prediction of a woman’s outcome
to months rather than years (2). Women with advanced
hormone receptor (HR)+HER2− and HR-HER2− disease
in particular have relatively lower rates of pCR compared
to women with HER2+ disease due to limited treatment
options (3). Improving prediction of pCR in women with
HER2− disease during the neoadjuvant period would provide opportunities to improve treatment selection and potentially increase the pCR rate.
The I-SPY 2 TRIAL (Investigation of Serial Studies
to Predict Your Therapeutic Response through Imaging
and Molecular Analysis 2, ClinicalTrials.gov number
NCT01042379) is an ongoing multicenter prospective randomized clinical trial framework used to monitor treatment
response and assess novel investigational neoadjuvant chemotherapy (NAC) agents for breast cancer. The study uses quantitative measurement of MRI-derived tumor volume (defined
as functional tumor volume [FTV]) to predict response. The
prior I-SPY-1 trial demonstrated a significant association
with both prediction of pCR (4) and recurrence-free survival
(5) outcomes, with area under the curve (AUC) estimates for
FTV regression models ranging from 0.70 to 0.84 and 0.52
to 0.72 for each outcome type, respectively.
Background parenchymal enhancement (BPE) describes
the natural phenomenon observed on breast MRI in which
normal breast tissue demonstrates signal enhancement related to uptake of intravenous contrast. Biologically, BPE
is believed to represent tissue activated by endogenous hormones (primarily estrogen) and is dynamic in appearance
over time and distribution within a woman’s breast tissue.
This is demonstrated by histopathologic studies that have

found BPE to be correlated with increased microvascular
density (6) and proliferative breast tissue (7). Additionally,
single-center studies have found strong associations between BPE and subsequent primary breast cancer, with
odds ratios of 2–18 (8–10). More recent studies have also
demonstrated that BPE is a surrogate outcome of treatment
response to chemotherapy and chemoprevention agents
(11–14). BPE signal intensity decreases with treatment, and
the magnitude of this decrease is associated with the degree
of tumor response. The biological basis of these associations
is unclear, but it has been speculated that BPE characterizes
activated breast stroma that is more susceptible to malignant transformation but also to potential treatment responsiveness (9, 15).
Tumor volume is a validated predictor of NAC response,
but few MRI studies have evaluated the adjunctive contribution of BPE to a tumor volume model. Most studies evaluate
the association of BPE alone with treatment response, but
the more relevant clinical question is if BPE provides additive improvement to the more established tumor volume
model. Moreover, prior studies on BPE in tumor response are
based on retrospective observational studies from single institutions or rely on a qualitative definition of BPE, which is
prone to issues with inter-rater reliability and measurement
error (12, 16).
The current study has several strengths that overcome
limitations in prior studies: We analyze data from a prospective study primarily designed to evaluate MRI biomarkers; our patient cohort was evaluated for a clearly
defined pathological endpoint for neoadjuvant response;
and we had a consistent MRI protocol with high-quality
control of acquisition. We evaluated the primary effect of
BPE as well as the additive effect of BPE to a FTV tumor
volume model in improving the prediction of pCR of
women with HER2− advanced breast cancer enrolled in the
I-SPY-2 trial.

Methods
Patient Population
In this Health Insurance Portability and Accountability
Act compliant, Institutional Review Board-approved study,
women 18 years of age and older diagnosed with stage II
or III breast cancer and with tumor size measured ≥2.5 cm
were eligible to enroll in the I-SPY 2 TRIAL (17). Biomarker
assessments based on hormone (estrogen and progesterone)
receptors (HR+/-) and a 70-gene assay (MammaPrint,
Agendia, Amsterdam, The Netherlands) were performed at
baseline and used for treatment randomization (17). Patients
who had tumors that were designated as hormone-receptor
positive and low risk according to the 70-gene assay were
excluded. All patients provided written informed consent to
participate in the study. A second consent was obtained if
the patient was randomized to an experimental treatment.
Enrollment occurred between 2010–2012.
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Key Messages
• Quantitative background parenchymal enhancement (BPE) of the contralateral breast decreases with
neoadjuvant chemotherapy, and in HR+HER2− patients,
discrimination of pathologic complete response (pCR)
by BPE alone is within the range of diagnostic performance of tumor volume predictors.
• BPE predictors remained significant in multivariate FTV
models but did substantially improve discrimination for
pCR prediction. However, due to small sample size, we
were limited in the ability to create subtype-specific
multivariate models.
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Schema

Pathologic Assessment of Response
Pathologic complete response—defined as the absence of residual invasive cancer in the breast or lymph nodes at the
time of surgery—is the primary endpoint of the I-SPY 2
TRIAL. All patients were classified as achieving pCR or not
achieving pCR (non-pCR) at the time of definitive surgery by
a trained pathologist. Patients that withdrew from the trial in
mid-study were counted as non-pCR.

MRI Acquisition
MR imaging was performed using 1.5T or 3T scanners with
a dedicated breast radiofrequency coil, across a variety of
vendor platforms and institutions. All MRI exams within a
single patient were performed using the same magnet configuration (manufacturer; field strength; breast coil model).
Bilateral dynamic contrast–enhanced (DCE) MRI images
were acquired in the axial orientation with the following
parameters: repetition time = 4−10 ms, minimum echo time,
flip angle = 10−20°C, field of view = 260−360 mm to achieve
full bilateral coverage, acquisition matrix = 384−512, withinplane resolution ≤1.4 mm, slice thickness ≤2.5 mm, and slice
gap = 0 mm. Gadolinium contrast agent was administrated
intravenously at a dose of 0.1 mmol/kg body weight, and
at a rate of 2 ml/second, followed by a 20 ml saline flush.

The same contrast agent brand was used for all MRI exams
for the same patient. Pre-contrast and multiple post-contrast
images were acquired using identical sequence parameters.
There was no delay between contrast injection and data acquisition. Post-contrast imaging continued for at least 8 minutes following contrast agent injection.

Quantitative Image Analysis
FTV was calculated from each DCE-MRI examination using
a previously described semi-automated segmentation method
(Figure 2) (18). BPE was assessed following manual wholebreast segmentation of the contralateral unaffected breast
so that measurement would not be confounded by adjacent
disease. Subsequently, enhancement was determined on a
per-voxel basis using co-registered DCE sequences at two
time points: pre-contrast (time 0) and the first post-contrast
acquisition between 2 minutes 15 seconds and 2 minutes 30
seconds post-contrast (time 1), with S0 and S1 representing
the corresponding signal intensities at those times. BPE was
calculated as an average of early enhancement measured for
all voxel of segmented fibroglandular tissue, where early enhancement is defined as (S1 – S0)/S0.
For FTV measurements, the segmentation method calculated the volume of all tumor voxels that exceeded an early
enhancement threshold of 70%. Participating sites in I-SPY 2
TRIAL could slightly adjust the early enhancement threshold
to qualitatively reflect the extent of tumor, and to account for
unexpected variability in MRI systems and imaging parameters. However, the FTV analysis had to be reviewed and approved by the designated breast radiologist at each site, and
all FTVs in the I-SPY 2 TRIAL had to be visually approved
by the Imaging Core Lab at the University of California San
Francisco.

Statistical Analysis
Univariate analyses were performed with logistic regression, using predictors of absolute values of BPE and FTV
at each treatment time point (e.g., absolute value of BPE at
inter-regimen/T2 is notated as “BPE_2”) or relative change

Figure 1. I-SPY2 TRIAL study schema and adaptive randomization. Breast MRI was obtained at 4 different time points (T0–T3) as described.
Patients were randomized to the control (paclitaxel) or the experimental drug arm (paclitaxel + experimental agent) for 12 weekly cycles
followed by 4 (every 2–3 weeks) cycles of anthracycline-cyclophosphamide prior to surgery. Pathologic complete response – defined as the
absence of residual cancer in the breast or lymph nodes at the time of surgery – is the primary end point of the I-SPY 2 TRIAL.
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Figure 1 shows the schema of the I-SPY 2 TRIAL. All breast
cancers in these drug arms were HER2− by nature of the
drug mechanism of action. Participants received a weekly
dose of paclitaxel alone (control) or in combination with experimental NAC agents for 12 weekly cycles, followed by 4
(every 2–3 weeks) cycles of anthracycline-cyclophosphamide
(AC) prior to surgery. MRI was performed before the initiation of NAC, or baseline (T0), after 3 weeks of therapy,
or early treatment (T1) after 12 weeks of therapy at which
patient is transitioned from a taxane-based regimen to
an AC-based regimen, or inter-regimen (T2), and after
neoadjuvant therapy completion and prior to surgery, or
pre-surgery (T3).
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from baseline, and the treatment response outcome pCR.
Relative change was calculated as change from baseline divided by baseline value. For example, relative change of BPE
from baseline to early treatment (or T1) was calculated as
(BPE_1 – BPE_0)/BPE_0 and notated as %ΔBPE0_1. All
possible FTV or BPE predictors were evaluated as individual
univariate predictors of tumor response in models stratified
by HR status. We additionally estimated models including
the following sets of multiple predictors: Model 1, baseline
FTV and relative FTV change for each treatment time point;
Model 2, the same FTV model with the corresponding baseline and BPE change variable. A final model was derived
which optimized AUC by exhaustively searching all possible
linear combination of FTV predictors and HR, without or
with all possible BPE predictors (“Model 3” and “Model 4,”
respectively). For all models, an odds ratio (OR) is used to
describe the strength of association with pCR. For the relative change measures ORs are reported for 10% relative
change to aid interpretability. The interpretation of the OR,
for example an OR of 0.9 for a relative change variable, is
that for each 10% decrease in ΔFTV or ΔBPE, there is a
10% decrease in the odds of non-pCR or a corresponding
10% increase in the odds of pCR. Diagnostic performance

was assessed using AUC for all models. To avoid overfitting,
10 times repeated 5-fold cross-validation AUC (cvAUC) was
used for multiple predictor models. All statistical analysis
was performed using the R statistical programming environment, version 3.3.3 (R Foundation for Statistical Computing,
Vienna, Austria). A nominal value of P < 0.05 was considered
to be statistically significant.

Results
Of the 110 women who had enrolled and received at least
one MRI examination in the initial drug arms, a total of 88
women (29 with pCR, 59 with non-pCR) with 352 MRI
examinations were included. A total of 22 women were excluded for the following reasons: unable to calculate BPE due
to image quality issues (13 women), missing one or more
MRI visits (8 women), and missing demographic information (1 woman).

Patient Characteristics
Table 1 describes the baseline characteristics of women included in this study. Women with pCR as compared to
women with non-pCR were slightly younger and more
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Figure 2. Process of quantitative background parenchymal enhancement (BPE) calculation. A: Initially, manual segmentation of the
contralateral (unaffected) breast was performed. B: This is followed by deriving a mask classifying fibroglandular tissue and removing
non-breast elements using fuzzy c-means clustering. BPE is then calculated on per-voxel basis (C), and an average value of all voxels is
calculated to derive the final BPE estimate (D).
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often Asian or Black/African American and pre-menopausal.
Women with pCR were more commonly HR+HER2− than
women with non-PCR.

Univariate Analysis of BPE

Table 1. Participant Characteristicsa
Pathologic Complete Response (n = 29)

Age (years)

Race
Asian
Black or African American
White
Menopausal statusb
Pre-menopausal
Peri-/post-menopausal
Receptor subtypec
HR+HER2−
HR-HER2−

Nonpathologic Complete Response (n = 59)

Mean

IQR

Mean

IQR

46.9

17.0

48.8

12.5

n

%

n

%

3
6
20

10%
21%
69%

2
7
50

3%
12%
85%

20
9

69%
31%

35
24

59%
41%

7
22

24%
76%

36
23

61%
39%

Proportions calculated within each column.
Abbreviation: IQR, interquartile range.
a
All patients received paclitaxel (control) or in combination with an experimental agent for 12 weekly cycles followed by four cycles of
anthracycline-cyclophosphamide every 2–3 weeks prior to surgery.
b
There were 20 missing values, which were categorized as pre vs. peri-/post-menopausal if age ≤55.
c
All patients represented were HER2 receptor negative.
Functional Tumor Volume (FTV)

Background Parenchymal Enhancement (BPE)
45

45

40

non-pCR

30
25
20
15
10
5

Tumor volume (mL)

Mean BPE (%)

35

0

40

pCR

pCR

35

non-pCR

30
25
20
15
10
5

Baseline

Early Treatment

Inter-regimen

Phase of treatment

Pre-surgery

0

Baseline

Early Treatment

Inter-regimen

Pre-surgery

Phase of treatment

Figure 3. Plots of median values of background parenchymal enhancement and functional tumor volume through phases of treatment
(errors bars represent interquartile range). pCR, pathologic complete response.
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Figure 3 displays the average absolute values of BPE and
FTV over time as treatment progressed. Women who
achieved pCR tended to have higher absolute BPE values at
baseline, which decreased more at later treatment time points
than non-pCR patients (Figure 4). In contrast, women who
achieved pCR tended to have lower absolute FTV values at
baseline, which remained lower for all time points than nonpCR patients.

Table 2 summarizes our findings of the univariate regression analyses of all 88 women included in this study
stratified by HR status. Greater decreases in BPE from baseline to inter-regimen treatment predicted a higher odds of
pCR (%ΔBPE0_2; OR = 0.88 per 10% change in %BPE0_2,
95% confidence interval [CI]: 0.75–1.00, P = 0.08), or from
baseline to pre-surgery (%ΔBPE0_3; OR = 0.87 per 10%
change in predictor, 95% CI: 0.74–1.00, P = 0.07), than nonpCR, although the P value and AUC did not reach statistical
significance at the nominal α = 0.05 level for either predictor.
Among the 43 women with HR+ breast cancer, the change in
BPE from baseline to pre-surgery was statistically significant
(%ΔBPE0_3; OR = 0.64 per 10% change in predictor, 95%
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Table 2. Univariate Analyses of BPE Variables for Predicting pCR, Stratified by HR Subtype
Receptor type
Total number (pCR/non-pCR)
Predictors
BPE_0
BPE_1
BPE_2
BPE_3
%ΔBPE0_1
%ΔBPE0_2
%ΔBPE0_3

ALL

HR+HER2−

HR-HER2−

88 (29/59)

43 (7/36)

45 (22/23)

OR (95% CI)

AUC

1.02 (0.99–1.05)
1.00 (0.96–1.04)
0.96 (0.91–1.00)
0.95 (0.89–1.01)
0.99 (0.86–1.14)
0.88 (0.75–1.00)*
0.87 (0.74–1.00)**

0.48
0.51
0.59
0.60
0.52
0.60
0.62

OR
1.04 (0.98–1.10)
1.02 (0.95–1.10)
0.95 (0.84–1.03)
0.88 (0.73–1.00)
0.98 (0.74–1.27)
0.82 (0.58–1.04)
0.64 (0.39–0.92)**

AUC

OR

AUC

0.43
0.49
0.58
0.69
0.54
0.67
0.77

1.02 (0.98–1.07)
1.00 (0.95–1.07)
0.96 (0.90–1.02)
0.97 (0.89–1.05)
1.04 (0.86–1.26)
0.87 (0.69–1.06)
0.91 (0.75–1.09)

0.49
0.45
0.62
0.57
0.47
0.59
0.59

Nomenclature of predictors: _0, absolute value at pretreatment; _1 or 0_1, absolute value at early treatment or change from baseline to early
treatment; _2 or 0_2, inter-regimen or change from baseline to inter-regimen; _3 or 0_3, pre-surgery or change from baseline to pre-surgery.
Abbreviations: AUC, area under the curve; BPE, background parenchymal enhancement; CI, confidence interval; HR, hormone receptor; nonpCR, non-pathologic complete response; OR, odds ratio; pCR, pathologic complete response.
*
P < 0.05; **P < 0.10.

CI: 0.3–0.92, P = 0.04), with a corresponding AUC of 0.77
(95% CI: 0.56–0.98). In comparison, FTV univariate AUCs
ranged from 0.57 to 0.80 in this population, depending on
the FTV predictor used.

Multiple Predictor Analysis of BPE and FTV
Table 3 describes the results of the multiple predictor analyses, which were used to assess the additive effect of BPE
to FTV-only multiple predictor models. FTV-only multiple
predictor analyses demonstrated statistically significant associations across subtypes in change parameters only, with
cvAUC remaining significant and estimates ranging from
0.61 to 0.72. Model 2 added BPE to Model 1, which did not
lead to improved overall performance based on cvAUC.

Model 3 included all possible linear combination of FTV
and HR predictors, which was then optimized by selecting
the highest cvAUC value, achieving a cvAUC of 0.81 (95%
CI: 0.73–0.90) with %ΔFTV0_2 and HR status. Model 4
was based on any possible combination of BPE predictors
with FTV and HR predictors, which did not substantially
change the cvAUC of 0.82 (95% CI: 0.74–0.92) but retained multiple BPE predictors with significant associations
with pCR.

Discussion
In this study, we demonstrated that quantitative wholebreast BPE alone was predictive of pCR using change from
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Figure 4. Spectral maximum intensity projection breast MRI of an individual woman’s background parenchymal enhancement (BPE)
at neoadjuvant therapy treatment time points with outcomes of pathologic complete response (pCR) (A) or non-pathologic complete
response (non-pCR) (B). Women who went on to have pCR (A) were more likely to demonstrate higher baseline BPE that decreased with
therapy, while women who have non-pCR (B) had lower baseline BPE levels that decreased relatively less or did not change with therapy.
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Table 3. Comparison of Pathologic Complete Response (pCR) Prediction Models Based on Functional Tumor Volume
(FTV) Predictors only or Adding Background Parenchymal Enhancement (BPE) Predictors
Prediction model
Model 1: Pre-specified
FTV variables only

Treatment Phase
Early treatment
Inter-regimen
Pre-surgery
Early treatment

Inter-regimen

Pre-surgery

Model 3: Optimized
model using any possible
FTV and HR predictors
Model 4: Optimized
model using any possible
FTV, HR, BPE predictors

Any phase
of treatment
Any phase
of treatment

OR (95% CI)

cvAUC

%ΔFTV0_1
FTV_0
%ΔFTV0_2
FTV_0
%ΔFTV0_3
FTV_0
%ΔFTV0_1
FTV_0
%ΔBPE0_1
BPE_0
%ΔFTV0_2
FTV_0
%ΔBPE0_2
BPE_0
%ΔFTV0_3
FTV_0
%ΔBPE0_3
BPE_0
%ΔFTV0_2
HR +

0.83 (0.71–0.95)*
1.00 (0.98–1.01)
0.54 (0.31–0.80)*
1.00 (0.98–1.01)
0.45 (0.20–0.81)*
1.00 (0.98–1.01)
0.89 (0.67–0.93)*
1.04 (0.98–1.01)
1.11 (0.94–1.33)
1.00 (1.00–1.08)
0.52 (0.28–0.80)*
1.02 (0.98–1.01)
0.97 (0.80–1.15)
1.00 (0.98–1.07)
0.46 (0.19–0.86)*
1.01 (0.98–1.01)
0.94 (0.77–1.13)
1.00 (0.97–1.06)
0.52 (0.29–0.78)*
0.16 (0.05–0.44)*

0.68

%ΔFTV0_2
HR +
BPE_0
BPE_1
%ΔBPE0_1
%ΔBPE0_3

0.49 (0.26–0.80)*
0.08 (0.02–0.29)*
1.22 (1.04–1.47)*
0.83 (0.69–0.98)*
1.93 (1.14–3.53)*
0.86 (0.66–1.06)

0.82

0.70
0.63
0.68

0.68

0.61

0.81

Nomenclature of predictors: _0, absolute value at pretreatment; 0_1, change from baseline to early treatment; 0_2, change from aseline to
inter-regimen; 0_3, change from baseline to pre-surgery.
Abbreviations: CI, confidence interval; cvAUC, cross-validated area under the curve (10-repeated 5-fold); HR, hormone receptor; OR, odds ratio.
*
P < 0.05.

baseline to later treatment time points in women with
HR+HER2− breast cancers who were undergoing taxane
and anthracycline-based NAC regimen. Moreover, the diagnostic accuracy as measured by AUC was comparable to the
predictive performance of the tumor volume measurement
FTV. BPE predictors remained significantly associated with
pCR when added to multivariate FTV models; however,
there was no substantial improvement in discrimination.
We observed that BPE responds to neoadjuvant therapy
as demonstrated by declining values as treatment progressed.
Moreover, BPE had a similar diagnostic accuracy for women
with HR+HER2− breast cancers as compared to FTV under
univariate analysis. This is impressive in so far as BPE is
measured in the contralateral unaffected breast of presumably normal fibroglandular tissue, whereas FTV is a direct
measurement of the primary disease. This suggests that the
reaction of normal tissue to neoadjuvant therapy as measured
by BPE may represent a biomarker of treatment-responsive
phenotype, with higher sensitivity to HR+ tumors. This is
consistent with the theory of BPE being primarily modulated by estrogen, given higher values in pre-menopausal

women and consistent decreases with hormone therapy
(11). Moreover, this is consistent with multiple prior studies,
which demonstrated changes in BPE in response to chemotherapy for prediction of pCR (19). However, the observed
nature of subtype-specific effect has been mixed in prior
studies, with some studies showing an effect of BPE only in
HR+ subtypes (14, 20), and some studies showing an effect
in HR− subtypes (21, 22).
The additive value of BPE remains uncertain based on
our multiple predictor results. While retained BPE predictors
had a significant association with pCR in multivariate FTV
models, there was overall no substantial improvement of
the cvAUC (Table 3, Model 4). However, we were unable
to perform a stratified multivariate analysis within subtype
due to limited sample size, which would better mirror the
neoadjuvant treatment approach. Our analysis improves on
prior literature by evaluating the most relevant clinical question of the additive value of BPE to tumor measurements
for predicting pCR, rather than evaluating the utility of BPE
prediction alone as most studies do. Changes in the primary
tumor are the most direct and robust method for non-invasive

Downloaded from https://academic.oup.com/jbi/article-abstract/doi/10.1093/jbi/wbaa028/5874914 by guest on 22 July 2020

Model 2: Pre-specified
BPE and FTV variables only

Predictors
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Conclusion
In conclusion, our results suggest BPE may have subtypespecific association with pCR in women with HR+HER2−
breast cancer, achieving a similar diagnostic performance to
univariate prediction with FTV. However, we did not observe
substantial additive improvement in predictive performance
when adding BPE to an FTV model in our current study.
Additional studies (with ideally larger cohorts) are necessary to replicate these effects and further understand potentially important additive effects, as well as differential effects,
within subtypes.

Acknowledgments
Sincere thanks to our DSMB, Independent Agent Selection
Committee, and our patients, advocates, and investigators.

Funding
With support from National Institutes of Health U01
CA225427 and National Institutes of Health R01
CA132870, Quantum Leap Healthcare Collaborative,
Foundation for the National Institutes of Health, National
Cancer Institute (Grant 28XS197 P-0518835), Safeway, an
Albertsons Company, William K. Bowes, Jr. Foundation,
Breast Cancer Research Foundation, UCSF, GMU, the
Biomarkers Consortium, Salesforce, OpenClinica, Formedix,
Natera, Hologic Inc., TGen, Illumina, CCS Associates, Berry
Consultants, Breast Cancer Research—Atwater Trust, Stand
up to Cancer, California Breast Cancer Research Program,

and Give Breast Cancer the Boot, IQVIA, Genentech, Amgen,
Pfizer, Merck, Seattle Genetics, Daiichi Sankyo, AstraZeneca,
Dynavax Technologies, Puma Biotechnology, AbbVie,
Madrigal Pharmaceuticals (formerly Synta Pharmaceuticals),
Plexxikon, Regeneron, and Agendia.

Conflict of Interest Statement
None declared.

References
1.

Amin MB, Edge S, Greene F, et al. eds., AJCC Cancer Staging
Manual. 8th ed. American Joint Commission on Cancer. New
York: Springer, 2017.
2. Symmans WF, Wei C, Gould R, et al. Long-term prognostic risk after
neoadjuvant chemotherapy associated with residual cancer burden
and breast cancer subtype. J Clin Oncol 2017;35(10):1049–1060.
3. Rugo HS, Olopade OI, DeMichele A, et al; I-SPY 2 Investigators.
Adaptive randomization of veliparib–carboplatin treatment in
breast cancer. N Engl J Med 2016;375(1):23–34.
4. Hylton NM, Blume JD, Bernreuter WK, et al; ACRIN 6657
Trial Team and I-SPY 1 TRIAL Investigators. Locally advanced breast cancer: MR imaging for prediction of response
to neoadjuvant chemotherapy--results from ACRIN 6657/I-SPY
TRIAL. Radiology 2012;263(3):663–672.
5. Hylton NM, Gatsonis CA, Rosen MA, et al; ACRIN 6657
Trial Team and I-SPY 1 TRIAL Investigators. Neoadjuvant
chemotherapy for breast cancer: functional tumor volume by
MR imaging predicts recurrence-free survival–results from
the ACRIN 6657/CALGB 150007 I-SPY 1 TRIAL. Radiology
2016;279(1):44–55.
6. Sung JS, Corben AD, Brooks JD, et al. Histopathologic characteristics of background parenchymal enhancement (BPE) on
breast MRI. Breast Cancer Res Treat 2018;172(2):487–496.
7. Kuhl CK, Keulers A, Strobel K, et al. Not all false positive diagnoses are equal: on the prognostic implications of false-positive
diagnoses made in breast MRI versus in mammography / digital
tomosynthesis screening. Breast Cancer Res 2018;20(1):1–9.
8. King V, Brooks JD, Bernstein JL, et al. Background parenchymal
enhancement at breast MR imaging and breast cancer risk.
Radiology 2011;260(1):50–60.
9. Dontchos BN, Rahbar H, Partridge SC, et al. Are qualitative assessments of background parenchymal enhancement, amount of
fibroglandular tissue on MR images, and mammographic density associated with breast cancer risk? Radiology 2015;276(2):371–380.
10. Arasu VA, Miglioretti DL, Sprague BL, et al. Population-based
assessment of the association between magnetic resonance imaging background parenchymal enhancement and future primary breast cancer Risk. J Clin Oncol 2019;37(12):954–963.
11. King V, Goldfarb SB, Brooks JD, et al. Effect of aromatase inhibitors on background parenchymal enhancement and amount
of fibroglandular tissue at breast MR imaging. Radiology
2012;264(3):670–678.
12. Preibsch H, Wanner L, Bahrs SD, et al. Background parenchymal
enhancement in breast MRI before and after neoadjuvant
chemotherapy: correlation with tumour response. Eur Radiol
2016;26(6):1590–1596.

Downloaded from https://academic.oup.com/jbi/article-abstract/doi/10.1093/jbi/wbaa028/5874914 by guest on 22 July 2020

prediction of pCR (23), and the benefit of BPE is therefore
most relevant when supplementing tumor models. The only
prior study to evaluate the additive effect of BPE for prediction of pCR (22) found that while BPE predictors remained
statistically significant in a multiple predictor model, they did
not report the extent to which the OR or AUC changed relative to a univariate model.
While BPE still has the potential to be an independent
marker of response, our observation of limited additive effect
may be due to a variety of reasons. We had a relatively small
sample size, which may have caused a strong negative bias
when performing cross-validation (24). There are also no
accepted definitions of quantitative BPE measurement, and
thus alternative quantitative techniques (e.g., partial volume
sampling or different kinetic parameterizations) should be
explored to assess if they have stronger prediction and additive value to FTV models. Finally, given multiple comparisons, our statistically significant univariate BPE results may
have been arguably due to chance. However, the fact that
we demonstrate a continued improvement in magnitude and
strength of BPE prediction with later time points in HR+
cancers indicates a consistent pattern that reduces the likelihood of results being the product of random chance.

Journal of Breast Imaging, 2020, Vol. XX, Issue XX

19. Liao GJ, Henze Bancroft LC, Strigel RM, et al. Background
parenchymal enhancement on breast MRI: a comprehensive review. J Magn Reson Imaging 2020;51(1):43–61.
20. van der Velden BHM, Sutton EJ, Carbonaro LA, et al.
Contralateral parenchymal enhancement on dynamic contrastenhanced MRI reproduces as a biomarker of survival in
ER-positive/HER2-negative breast cancer patients. Eur Radiol
2018;28(11):4705–4716.
21. Chen JH, Yu HJ, Hsu C, et al. Background parenchymal enhancement of the contralateral normal breast: association with
tumor response in breast cancer patients receiving neoadjuvant
chemotherapy. Transl Oncol 2015;8(3):204–209.
22. You C, Peng W, Zhi W, et al. Association between background
parenchymal enhancement and pathologic complete remission
throughout the neoadjuvant chemotherapy in breast cancer patients. Transl Oncol 2017;10(5):786–792.
23. Hylton N. MR imaging for assessment of breast cancer response
to neoadjuvant chemotherapy. Magn Reson Imaging Clin N Am
2006;14(3):383–389.
24. Parker BJ, Günter S, Bedo J. Stratification bias in low signal
microarray studies. BMC Bioinformatics 2007;8:326.

Downloaded from https://academic.oup.com/jbi/article-abstract/doi/10.1093/jbi/wbaa028/5874914 by guest on 22 July 2020

13. Chen JH, Yu H, Lin M, et al. Magnetic resonance imaging. J
Magn Reson Imaging 2013;31:1465–1471.
14. van der Velden BH, Dmitriev I, Loo CE, et al. Association between parenchymal enhancement of the contralateral breast
in dynamic contrast-enhanced MR imaging and outcome
of patients with unilateral invasive breast cancer. Radiology
2015;276(3):675–685.
15. Jones EF, Sinha SP, Newitt DC, et al. MRI enhancement in
stromal tissue surrounding breast tumors: association with recurrence free survival following neoadjuvant chemotherapy.
PLoS One 2013;8(5):e61969.
16. Grimm LJ, Anderson AL, Baker JA, et al. Interobserver variability between breast imagers using the fifth edition of the
BI-RADS MRI lexicon. AJR Am J Roentgenol 2015;204(5):
1120–1124.
17. Barker AD, Sigman CC, Kelloff GJ, et al. I-SPY 2: an adaptive
breast cancer trial design in the setting of neoadjuvant chemotherapy. Clin Pharmacol Ther 2009;86(1):97–100.
18. Klifa C, Carballido-Gamio J, Wilmes L, et al. Quantification of
breast tissue index from MR data using fuzzy clustering. Conf
Proc IEEE Eng Med Biol Soc 2004;2004:1667–1670.

9

