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Abstract

Background: Background parenchymal uptake (BPU) on molecular breast imaging (MBI) was
identified as a breast cancer risk factor beyond mammaographic density in a case-control study, but
has not been confirmed in a cohort study.

Objective: To examine association of BPU with breast cancer, and to estimate absolute risk and
discriminatory accuracy of BPU using a cohort study.

Methods: A retrospective cohort of women having MBI from 2004-2015, without prior breast
cancer, was established. Radiologists, blinded to future breast cancer diagnoses, assessed BPU
at baseline MBI as low (photopenic or minimal) or elevated (mild, moderate, or marked).
Associations of BPU with breast cancer were estimated with multivariable Cox proportional
hazards models of time to diagnosis. Five-year absolute risk was calculated for study subgroups.
Discriminatory accuracy of BPU was assessed.
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Results: Among 2992 women with mean age 56.3 years (sd 10.6) at MBI, breast cancer events
occurred in 144 over 7.3 years median follow-up. Median time to diagnosis was 4.2 years (range
0.5-11.6 years) after MBI. Elevated BPU was associated with greater breast cancer risk (HR=2.39
[1.68, 3.41]; p=<0.001). This association remained in postmenopausal women (HR=3.50 [2.31,
5.31; p<0.001]) but was not significant in premenopausal women (HR=1.29 [0.72, 2.32]; p=0.39).
Women with elevated BPU had five-year absolute risk of 4.3% (2.9, 5.7) vs. 2.5% (1.8, 3.1)

for those with low BPU. Postmenopausal women with dense breasts and elevated BPU had
five-year absolute risk of 8.1% (4.3, 11.8) vs. 2.8% (1.8, 3.8) for those with low BPU. Among
postmenopausal women, discriminatory accuracy for invasive cancer was improved with addition
of BPU over Gail risk score alone (C-statistic 65.1 vs. 59.1; p=0.04) and over BCSC risk score
alone (66.4 vs. 60.4; p=0.04).

Conclusion: BPU on MBI is an independent breast cancer risk factor, with the strongest
association observed among postmenopausal women with dense breasts. In postmenopausal
women, BPU provides incremental discrimination in breast cancer risk prediction when combined
with the Gail model or BCSC model.

Clinical Impact: Elevated BPU on MBI may identify a subset of women with dense breasts who
would benefit most from supplemental screening or preventive options.

Introduction

Breast density inform legislation in 38 U.S. states and pending federally-mandated language
to be included in breast density notification letters nationwide have fueled discussions
about density’s clinical implications, namely masking of breast cancer from mammographic
detection and also higher risk of breast cancer [1]. But, dense breasts are common, with
over 40% of U.S. women presenting for screening having heterogeneously or extremely
dense breasts [2], and incorporation of density assessment in risk models only modestly
improves discriminatory accuracy [3]. Additional tools are needed to identify which women
with dense breasts are at greatest risk and most likely to benefit from tailored screening or
risk-reducing prevention options.

Functional imaging techniques of breast MRI and molecular breast imaging (MBI) have
both been shown to improve cancer detection in dense breasts over mammographic
screening [4-6] and may also provide risk information. On MR, the level of gadolinium
contrast enhancement within fibroglandular tissue, termed background parenchymal
enhancement (BPE), has been associated with both prevalent and incident breast cancer,
and was independent of the amount of breast fibroglandular tissue [7-10]. In a similar
fashion, background parenchymal uptake (BPU) on MBI describes the level of Tc-99m
sestamibi uptake in fibroglandular tissue. A prior case-control study showed women with
higher levels of BPU (defined as moderate or marked) had 3 to 5 times the odds of incident
breast cancer compared to those with lower BPU [11, 12]. This association was independent
of mammographic density and other risk factors such as exogenous hormone use.

Although a cohort study of BPE on MRI was recently performed [10], none have been
conducted for BPU on MBI to date. Absolute risk of breast cancer by BPU category,
which is important to enable translation of results to practice, has yet to be assessed.
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Further, BPU’s potential impact on discriminatory accuracy has not yet been evaluated.
Thus, we established a retrospective cohort of women who have had MBI exams, including
assessment of BPU and mammaographic density, collection of risk factor information, and
extended follow-up for breast cancer events. We hypothesized that absolute risk of breast
cancer would differ by level of BPU and that the addition of BPU to breast cancer risk
models would improve discriminatory accuracy. Here, our objectives were to examine
association of BPU with breast cancer, and to estimate absolute risk and discriminatory
accuracy of BPU using a cohort study.

Subjects and Methods

Study Cohort

This retrospective cohort study was HIPAA-compliant and approved by our institutional
review board, which issued a waiver of consent. We identified all women in our clinical
MBI registry with an exam between February 2004 and July 2015 (n=4595), allowing the
opportunity for at least five years of follow-up. The baseline (earliest) MBI exam was used
for analysis. We excluded women who declined general consent to use medical records
for research (n=192), had missing images (n=28), or had <180 days of follow-up (n=304).
Women with breast implants (n=114) were excluded as these complicate BPU interpretation.
To study women at risk of future breast cancer, those diagnosed within 180 days after MBI
(n=944) were excluded. Women taking preventive antiestrogen medications at the time of
MBI (n=21) were also excluded. The final cohort comprised 2992 women, which included
241 women previously part of a case-control analysis of BPU [11, 12].

Breast cancer risk factor information, including family history, breast biopsy history, parity,
hormonal exposure, and BRCA mutation status was obtained through questionnaires and
medical records at the time of MBI. Menopause status was defined as follows: Women

who self-reported natural menopause or surgical removal of both ovaries prior to MBI were
classified as postmenopausal. Women reporting a menstrual period within 12 months before
MBI were classified as premenopausal. Those who did not meet either of these criteria were
classified as premenopausal if <55 years and postmenopausal if >55 years, as done in prior
studies [13]. These risk factors were used to calculate five-year risk of invasive breast cancer
with both the Gail model (which includes age, age at menarche, age at first live birth, breast
biopsy history, first-degree family history of breast cancer and race/ethnicity), and the Breast
Cancer Surveillance Consortium (BCSC) model (which includes age, breast biopsy history,
first-degree family history of breast cancer, race/ethnicity, and BI-RADS breast density) [14,
15]. The BCSC risk model has previously been shown to offer the highest discriminatory
accuracy of several common risk models (including Gail and Tyrer-Cuzick) for women in a
screening setting with available breast density information [23].

Follow up for breast cancer was primarily performed through linkage to our institutional
tumor registry. Secondly medical record review was performed to verify breast cancer cases
or establish no breast cancer diagnosis and date of most recent mammogram or other

breast imaging (e.g. MBI or MRI). Women who had not returned to our institution for
breast imaging as of December 2017 (N=745) were mailed a survey to ascertain breast
cancer status and date of most recent mammogram; 479 of 745 (64%) women responded
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to this survey and 5 breast cancers were identified and verified with medical records. For
breast cancer cases, follow-up time was calculated as time from baseline MBI to earliest
pathology-proven diagnosis of invasive cancer or ductal carcinoma in situ. For women with
no breast cancer diagnosis, follow-up time was time from baseline MBI to the most recent
breast imaging examination.

BPU and Density Interpretation

MBI examinations were performed with intravenous injection of Tc-99m sestamibi followed
by immediate imaging with a dedicated dual-head cadmium zinc telluride MBI system (NM
Discovery 750b, GE Healthcare or LumaGem, CMR Naviscan) as has been previously
described [16]. MBI was routinely performed with 20 mCi Tc-99m sestamibi until
modifications in July 2009 to improve system count sensitivity and allow a proportional
reduction in administered activity to 4 to 8 mCi [17]. Bilateral craniocaudal and mediolateral
oblique views were obtained.

MBI examinations were performed in both research volunteers and as part of our routine
clinical practice, with common indications of supplemental screening of women with dense
breasts, screening and diagnostic imaging of women in whom breast MRI is recommended
but cannot be performed, and diagnostic problem solving of known lesions or clinical
symptoms. The MBI protocol was identical for screening and diagnostic indications in

both research and clinical subjects. For the purposes of this study, MBI indication was
categorized as “screening” for women who were asymptomatic with no known breast lesions
under evaluation; otherwise the indication was “diagnostic”.

BPU describes the relative intensity of radiotracer uptake in fibroglandular tissue to that in
subcutaneous fat and has previously included four categories (photopenic, minimal-mild,
moderate, marked) in an established lexicon [18]. For our registry, minimal and mild

were interpreted separately in order to evaluate potential differences in risk between these
categories. BPU categories were visually estimated according to the following definitions
(Fig. 1): 1) photopenic, fibroglandular uptake is less intense than fat uptake; 2) minimal,
fibroglandular and fat uptake are equal intensity; 3) mild, fibroglandular uptake is just
noticeably more intense than fat uptake; 4) moderate, fibroglandular uptake is more intense
than mild but less than twice as intense as fat; 5) marked, fibroglandular uptake is at least
twice as intense as fat.

BPU on each MBI exam was assessed by one of two breast radiologists (ALC and

DHW, with 7 and 10 years’ experience in MBI, respectively) while blinded to all clinical
information, including indication for MBI and any future breast cancer diagnoses. In
conjunction with MBI interpretation, the readers reviewed mammograms performed closest
in time to MBI to visually correlate uptake on MBI with fibroglandular tissue seen on
mammography and to annotate density according to the Breast Imaging Reporting and Data
System (BI-RADS), 5t edition [19]. Each reader interpreted approximately half of the
exams (49% and 51%) in batches of up to 100 patients per reading session. To monitor
consistency in BPU interpretation, each batch included a randomly-placed standard set of 10
MBI exams; these interpretations were previously shown as similar between the two readers
and highly reproducible over time [20]. Intrareader and interreader agreement for BPU was
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assessed by calculating percent agreement and unweighted kappa from the standard set of 10
MBI exams interpreted within the first and last batches for each reader.

Statistical analysis

Results

Characteristics of the cohort at baseline MBI are presented by BPU category. Our

main exposure of interest was BPU, considered as both the full 5-category variable

and a combined 2-category variable of elevated BPU (mild/moderate/marked) and low

BPU (photopenic/minimal). Primary risk analysis included multivariable Cox proportional
hazards models of time until breast cancer diagnosis. Cox proportional hazards models
were adjusted for potential confounders by including age, body mass index (BMI), BI-
RADS density, postmenopausal hormone therapy use, and history of breast biopsy showing
atypia or lobular carcinoma in situ as covariates. We performed stratified analyses to
examine effect modification of BPU and breast cancer risk by menopausal status, BI-RADS
density, postmenopausal hormone therapy use, history of biopsy showing atypia or lobular
carcinoma in situ, family history of breast cancer, Gail model and BCSC model risk
thresholds, and MBI indication. Pairwise interactions between BPU with age and BI-RADS
density were evaluated. Kaplan-Meier plots, adjusted for age and BMI, illustrated the
relationship between combined BPU categories and breast cancer events. The proportional
hazards model assumption was verified using Schoenfeld residual plots and tests.

Five-year absolute risk was calculated only among women with at least 5 years of follow

up as the number of women with breast cancer diagnosed within 5 years after MBI per
number of women in each subgroup considered. Discriminatory accuracy of risk models in
estimating five-year risk of developing invasive breast cancer was assessed using survival
C-statistics. C-statistics were calculated from two proportional hazards models: one included
BPU (2-category combined variable) and Gail model five-year risk score; the other included
BPU and[14] BCSC model five-year risk score[15]. C-statistics from these models were
compared to those from respective models including Gail risk score or BCSC risk score
alone. Differences in c-statistics were evaluated based on 1000 bootstrap samples [21].
Analyses were conducted using SAS (version 9.4; Cary, NC). A P-value less than 0.05 was
considered significant.

Cohort Characteristics

Characteristics by BPU category are noted in Table 1. The 2992 women had a mean age

of 56 years (sd 10.6 years). Among 2992 women, the most frequently observed BPU
category was minimal (1755 [59%]) and least observed was marked (124 [4%]). Considering
combined categories, 845 (28%) women had elevated BPU (mild, moderate, or marked)

and 2147 (72%) had low BPU (photopenic or minimal). Most women in the cohort were
postmenopausal (1827 [61%]), had dense breasts, defined as BI-RADS c or d density
(n=2404 [80%)]), and presented for screening MBI (n=2759 [92%]).

During follow-up (median 7.3 years), 144 of 2992 women had a breast cancer event, with
median time to diagnosis of 4.2 years after MBI (sd, 2.7 years; range, 0.5 — 11.6 years).
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Only 3 breast cancers were diagnosed between 0.5 — 1 year after baseline MBI. Median time
to diagnosis was similar for premenopausal and postmenopausal women (4.5 years and 4.2
years, respectively). Of 144 breast cancers, 105 (73%) were invasive, 37 (26%) were DCIS,
and 2 were identified as breast malignancy in medical records but did not have pathology
results available. Invasive cancers had median size of 1.3 cm (sd 1.1 cm; range 0.1 - 5.5
cm); 92 of 105 (88%) were node negative.

Associations of BPU with Breast Cancer

Overall, higher BPU was associated with greater breast cancer risk (p<0.001) as shown in
Table 2. In a model adjusted for age and BMI, women with mild, moderate, and marked
BPU were at greater risk of breast cancer compared to women with the referent category of
minimal BPU (HRs= 2.4, 2.7, and 2.9, respectively). Women with photopenic BPU did not
have a statistically different risk from women with minimal BPU (HR=1.4 [C] 0.8, 2.4]).
Additional model adjustments for BI-RADS density, postmenopausal hormone therapy, and
history of biopsy showing atypia or lobular carcinoma in situ minimally impacted results
(Table 2). Pairwise interactions between BPU with age and BI-RADS density were found
non-significant.

The overall risk association with BPU remained when limited to postmenopausal women
(p<0.001); age- and BMI-adjusted HRs increased to 3.6, 3.8, and 7.1 for mild, moderate,
and marked BPU categories, respectively, relative to minimal BPU. However, BPU, as a
5-category variable, was not significantly associated with breast cancer risk in the subset of
premenopausal women (p=0.54) (Table 2).

When combining BPU categories (Table 3), elevated BPU (mild, moderate, and marked
categories) was associated with an overall 2.4 times risk of breast cancer relative to
women with low BPU (photopenic and minimal categories) (p<0.001). This overall risk
estimate remained when restricting analysis to invasive cancers only (HR=2.8, p<0.001).
Postmenopausal women with elevated BPU had 3.5 times the risk of women with low
BPU (HR=3.5 [CI 2.3, 5.3], p<0.001) but the risk association was still not significant in
premenopausal women (HR=1.3 [CI 0.7, 2.3], p=0.39).

Kaplan-Meier plots illustrate the differences in rates of breast cancer between women with
elevated BPU and low BPU for the overall cohort (Fig. 2) and the postmenopausal and
premenopausal subsets (Fig. 3). Where there were greater breast cancer event rates in
premenopausal women with elevated BPU (Fig. 3A), this was not statistically significant. In
postmenopausal women, higher rates of breast cancer in women with elevated BPU occurred
early in follow-up and persisted throughout the following 10 years (Fig. 3B).

As shown in Table 3, postmenopausal women with elevated BPU were at approximately
3.3 times the risk of women with low BPU, in both subsets of mammographically dense
breasts (HR=3.3, p<0.001) and non-dense breasts (HR = 3.3, p=0.02). In the subset of
postmenopausal women with extremely dense breasts, those with elevated BPU were at
8.5 times greater risk than those with low BPU (HR=8.5, p<0.001). Elevated BPU was
associated with higher risk in both postmenopausal women currently taking hormone
therapy (HR=11.0, p=0.002) and those who were not (HR=3.8, p<0.001).
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Elevated BPU’s risk was similar by family history (HR=2.4, p<0.001 vs. 2.4, p<0.001 in
women with and without first degree family history). BPU was associated with risk among
women with Gail model or BCSC model five-year risk of at least 1.67% (HR=2.4, p<0.001
and HR=3.2, p<0.001) (Table 3), which is the threshold used to determine eligibility for
tamoxifen in the Breast Cancer Prevention Trial [22]. Risk estimates were elevated but not
statistically significant in the subgroups of 100 women with a prior biopsy showing atypia or
lobular carcinoma in situ (HR=1.7, p=0.42) and 233 women presenting for diagnostic MBI
(HR=1.8, p=0.2), although power was limited due to small size of these subgroups.

Absolute Risk and BPU

The average five-year absolute risk for breast cancer of the overall cohort was 3.0% (Cl
2.3, 3.6). For invasive cancers only, the average five-year absolute risk was 2.1% (CI 1.6,
2.6). Absolute risk of breast cancer differed by BPU level: women with elevated BPU had
five-year absolute risk of 4.3% (CI 2.9, 5.7) compared to 2.5% (CI 1.8, 3.1) for those

with low BPU (Table 3). For nearly all subgroups, five-year absolute risk estimates were
greater in magnitude for women with elevated BPU relative to those with low BPU; the
only exception was premenopausal women with non-dense breasts. Significantly higher
five-year absolute risk estimates were found for women with elevated BPU, compared

to women with low BPU, for three subgroups: postmenopausal women (7.7% vs. 2.8%),
postmenopausal women with dense breasts (8.1% vs. 2.8%), and women with BCSC model
five-year risk 21.67% (5.8% vs. 2.0%). The lowest five-year absolute risk of 0.8% was
found in postmenopausal women using hormone therapy and having low BPU, while those
on hormone therapy with elevated BPU had an absolute risk of 4.4%.

Impact of BPU on Discriminatory Accuracy

Discriminatory accuracy results are shown in Table 4. For the overall cohort, the C-statistic
for models including BPU (low vs. elevated) and Gail or BCSC risk score was not
significantly different from that with Gail risk score (p=0.23) or BCSC risk score (p=0.10),
alone. However, in the postmenopausal subset, addition of BPU significantly increased
discriminatory accuracy for invasive breast cancer, relative to the Gail model alone (C-
statistic 65.1 vs 59.1, p = 0.04) and relative to the BCSC risk score alone (C-statistic 66.4 vs.
60.4, p=0.04). In the premenopausal subset, addition of BPU resulted in higher magnitude of
the C-statistic but results were not statistically significant (p=0.20 and p=0.11).

Reader Agreement in BPU

Intrareader agreement, assessed as percent agreement and unweighted kappa, was 70%
(7/10) and x=0.62 for one reader and 70% (7/10) and «=0.63 for the other reader for the

full 5-category variable of BPU; 100% (10/10) intrareader agreement (x=1) was obtained for
both readers for the combined 2-category BPU (low vs. elevated). Interreader agreement for
the readers’ first batch of studies was 100% (10/10, x=1) for both 5-category and 2-category
BPU. Interreader agreement for each readers’ last batch of studies was 80% (8/10, x=0.73)
for 5-category BPU and 100% (10/10, x=1) for 2-category BPU.
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Discussion

In this first cohort study of background parenchymal uptake (BPU) on molecular breast
imaging (MBI) with breast cancer, we confirmed that BPU is independently associated with
breast cancer in a multivariable model and also improves discriminatory accuracy of an
existing risk model that incorporates breast density. We found elevated BPU to be associated
with an overall 2.4 times greater risk of breast cancer. This association was driven by

the stronger association of BPU and breast cancer among postmenopausal women (HR =
3.5). While there was a trend of greater breast cancer rates in premenopausal women with
elevated BPU, the risk association was smaller in magnitude and not statistically significant
in the premenopausal subgroup (HR = 1.3). For postmenopausal women, risk models
including BPU improved discriminatory accuracy relative to Gail risk score or BCSC risk
score alone, suggesting that BPU offers additional risk information beyond established risk
factors, including family history and mammographic density.

Our cohort, which largely comprised women with mammographically dense breasts
presenting for supplemental screening MBI, had an average five-year absolute risk of 3.0%.
However, absolute risk was greater in magnitude for women with elevated BPU compared to
low BPU in the overall cohort (4.3% vs. 2.5%) and within nearly all subgroups examined.
The greatest difference in absolute risk was among postmenopausal women with dense
breasts, where those with elevated BPU had a five-year absolute risk of 8.1%, compared

to 2.8% for those with low BPU. These findings have important clinical implications given
recommendations that providers discuss the use of endocrine therapy to reduce breast cancer
risk in women with five-year projected absolute risk >1.67%, and that women most likely to
benefit include those with five-year risk >3% [24]. Our results provide suggestive evidence
that postmenopausal women with elevated BPU on MBI may be more likely to benefit from
endocrine therapy.

At our institution, MBI is offered to women with dense breasts who seek supplemental
screening but do not meet the high risk criteria to warrant breast MRI screening (e.g. >20%
lifetime risk by familial risk models [25]) or cannot undergo MRI for other reasons, such

as claustrophobia, implanted devices, or cost concerns. Interest in MBI is growing as its
advantages — a rapid learning curve for radiologists, favorable cost profile, and relatively low
recall rates and high positive predictive value compared to other supplemental modalities —
are reported [18, 26]. Across studies examining MBI in prevalence (first) round screening of
women with dense breasts, MBI has consistently provided an incremental cancer detection
rate of 7 to 9 cancers per 1000 women screened after 2D mammography or tomosynthesis
[27-30]. Although concerns about radiation exposure from MBI have limited its acceptance
in practice, MBI is now performed at administered activities (8 mCi Tc-99m sestamibi or
less) considered safe for routine screening and with risk estimates that overlap those of
mammography[31]. Nevertheless, ongoing work aims to further reduce the radiation dose of
MBI [32].

These latest results add to the growing body of literature examining the role of functional
imaging techniques, such as MBI and MRI, to improve risk prediction along with
cancer detection, particularly among women with mammographically dense breasts. The
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mechanism of Tc-99m sestamibi uptake in fibroglandular tissue on MBI is not entirely clear,
but sestamibi is known to be sequestered in cellular mitochondria of tumors and its retention
is related to perfusion and cell viability [33]. In context of MRI, gadolinium enhancement

in tumors correlates with angiogenic and protease activity (i.e. tissue alterations that

signify cell proliferation and metastatic growth) [34]. Thus, higher levels of BPU or BPE
may indicate fibroglandular tissue with heightened perfusion, proliferation, and hormonal
responsiveness, and therefore predisposed to future cancer development.

Like BPE, BPU is influenced by hormonal factors, including hormone therapy,
antiestrogens, and menstrual cycle [35-37]. A previous study reported approximately one-
third of premenopausal women showing an increase in BPU level from follicular to luteal
cycle phase [37]. As we were unable to account for cycle phase in our analyses, these
fluctuations may partially explain the lack of a significant association of BPU and breast
cancer observed in premenopausal women. It may also be that elevated BPU reflects
expected behavior of proliferative fibroglandular tissue in the premenopausal breast and
minimally impacts risk.

In postmenopausal women, however, we hypothesize that elevated BPU reflects
fibroglandular tissue that hasn’t undergone expected reduction in proliferation and age-
related lobular involution but is still “functionally active” and at greater risk for breast
cancer [38]. When analysis was limited to postmenopausal women not taking hormone
therapy, BPU remained a risk factor, suggesting that the association observed among
postmenopausal women was not merely an artifact of hormonal influences on fibroglandular
tissue. Interestingly, the lowest risk subgroup in the study was postmenopausal women
currently taking hormone therapy at MBI, who also had low BPU (absolute five-year risk
of 0.8%). This finding suggests that low BPU might identify a subset of women with breast
tissue not responsive to hormones and therefore not at higher breast cancer risk due to
hormone therapy. More work is needed to examine the potential role of BPU in this setting.

Our study had limitations. First, BPU interpretation was performed by two readers and

was subjective. However, high intra- and inter-reader agreement in BPU was found in this
study and consistency in BPU assessment over time has been previously shown [12, 20].

A quantitative BPU measure and an automated tool for classifying BPU may improve

the robustness of BPU assessments and thus improve risk prediction [11, 20]. Second,

we constrained our analysis to include only incident cancer. This design allowed us to
establish temporality, with BPU as a risk factor for future breast cancer and also avoided
bias in readers’ interpretation due to presence of cancer or treatment effects. However, it

is possible that some breast cancer events were prevalent at MBI, but masked by BPU or
simply undetected. The 4.2-year median time to diagnosis suggests that most cancer cases
developed after baseline MBI. Third, we were not able characterize breast cancer risk of our
cohort by the Tyrer-Cuzick model, a familial model recommended by American College of
Radiology to determine eligibility for breast MRI screening [25], as detailed family pedigree
(including unaffected relatives) needed for accurate use of this model was unavailable.
However, our study provided evidence that BPU provides additional risk information beyond
the factors considered in BCSC and Gail models, and even significantly improved the
c-statistic relative to Gail and BCSC 5-year risk alone for postmenopausal women. We also
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had limited diversity in our population, with over 95% non-Hispanic white women. Finally,
further work is needed to the examine association of changes in BPU over time with breast
cancer risk and to validate our results in external cohorts, including those with differing race
and ethnicity.

Conclusion

In summary, this cohort study confirmed that background parenchymal uptake on molecular
breast imaging is independently associated with breast cancer. This association was
strongest among postmenopausal women and was not significant in the premenopausal
subset. Background parenchymal uptake provides incremental discrimination in breast
cancer risk prediction for postmenopausal women when combined with the Gail model

or BCSC model, which incorporates breast density. Postmenopausal women with dense
breasts and elevated BPU were identified as having particularly high absolute risk at which
additional screening or preventive options should be considered.
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Highlights
Key finding:

Among postmenopausal women with dense breasts, those with elevated BPU on MBI
have over 3 times risk of breast cancer (HR=3.3 [CI 2.0, 5.1]) and higher five-year
absolute risk (8.1% [CI 4.3, 11.8]) compared to those with low BPU (2.8% [CI 1.8, 3.9]).

Importance:

Postmenopausal women with elevated BPU on MBI have a five-year absolute risk that
warrants discussion of additional breast cancer screening or prevention options.
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Fig. 1-.

E)?amples of background parenchymal uptake (BPU) categories on molecular breast imaging
(MBI) in five different women. MBI (top row) exams in the mediolateral oblique view are
shown for photopenic (panel A), minimal BPU (panel B), mild BPU (panel C), moderate
BPU (panel D), and marked (panel E) BPU categories. Corresponding digital mammograms
(bottom row) are shown in panels F through J.
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Fig. 2 -.

Kaplan-Meier plot of time until breast cancer diagnosis and 95% confidence intervals
between elevated BPU (mild, moderate, or marked) compared to low BPU (photopenic
or minimal), adjusted for age and body mass index at time of MBI.
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Fig. 3—.

Kaplan-Meier plot of time until breast cancer diagnosis and 95% confidence intervals
between elevated BPU (mild, moderate, or marked) compared to low BPU (photopenic

or minimal), adjusted for age and body mass index at time of baseline MBI. Plots are for
women who were premenopausal (panel A) and postmenopausal (panel B) at baseline MBI.
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Association of background parenchymal uptake (BPU) with breast cancer diagnosed =180 days after MBI.

BPU Category

Breast cancer

No breast cancer

HR (95% CI)

HR (95% CI)

N=144 N=2848
Model adjusted for Age,
BMI, Densily*, Hormone
Model adjusted for Age, therapy, History of atypia/

All Women BMI LCIS
Photopenic 17 (4.3%) 375 (95.7%) 1.36 (0.78, 2.36) 1.21 (0.68, 2.14)
Minimal (ref.) 63 (3.6%) 1692 (96.4%) - -
Mild 33 (7.6%) 404 (92.5%) 2.39 (1.55, 3.69) 2.60 (1.66, 4.09)
Moderate 21 (7.4%) 263 (92.6%) 2.68 (1.60, 4.50) 2.80 (1.64, 4.77)
Marked 10 (8.1%) 114 (91.9%) 2.86 (1.43, 5.73) 2.76 (1.35, 5.65)

p value <0.001 <0.001
Postmenopausal Women t N=97 N=1730
Photopenic 14 (5.5%) 240 (94.5%) 1.78 (0.96, 3.30) 1.60 (0.83, 3.06)
Minimal (ref.) 46 (3.5%) 1258 (96.5%) - -
Mild 24 (12.8%) 164 (87.2%) 3.62 (2.20, 5.95) 4.04 (2.43, 6.73)
Moderate 9 (14.5%) 53 (85.5%) 3.82 (1.86, 7.81) 4.32 (2.07,9.03)
Marked 4 (21.1%) 15 (79.9%) 7.07 (2.54, 19.67) 7.78 (2.76, 21.92)

p value <0.001 <0.001
Premenopausal Women 7 N=47 N=1117
Photopenic 3(2.2%) 135 (97.8%) 0.50 (0.15, 1.71) 0.39(0.11, 1.43)
Minimal (ref.) 17 (3.8%) 434 (96.2%) - -
Mild 9 (3.6%) 240 (96.4%) 0.91 (0.41, 2.04) 0.89 (0.38, 2.05)
Moderate 12 (5.4%) 209 (94.6%) 1.40 (0.67, 2.93) 1.33 (0.61, 2.87)
Marked 6 (5.7%) 99 (94.3%) 1.28 (0.50, 3.24) 1.04 (0.39, 2.78)

p value 0.54 0.46

HR = hazards ratio; ClI = confidence interval; BMI = body mass index; LCIS = lobular carcinoma in situ

*
Density classified as ACR BI-RADS categories.

I .
Menopausal status missing in 1 woman

AJR Am J Roentgenol. Author manuscript; available in PMC 2021 December 03.




Page 30

Hruska et al.

J30ue) 1sealq Jo A101SIH AjiweH

(821'0072L 8TT'T0 19 o (r2'S'7'0) 29T (0'TT) 00T/TT S107 Jo eidhiy
(9582 ¥ (oe‘rmee 100°0> (19°€ '€L'T) 05°C (9'7) z68Z/€ET S107 Jo eidAre oN

AK101s1H Asdoig

(98'T0) v (0200) 80 2000 (26°0G 's€°2) G6°0T (T°¢) 55¢/1T 19IAl au1jaseq Je Buisn Apusiind

(r¥1'09) 86 (zv‘coee 100°0> (909 'zv'2) €8°€ (6°S) £9vT/98 19N Buljaseq Je 3UoN

UsWoAN [esnedouswulsod ul Adeaay | suow.oH

(99'80) L€ 0v‘00)67T 620 (T2'7 's9°0) 99°'T (6'9) vze/6T @ ‘Ajuo ssusp Ajpwanx3
(zrenee (9270 ST IT0 (v6'2 ‘28°0) SS'T (T'v) 600T/TY a+9 ‘asus@
(6'5'00)0C (zs‘o0)ze ¥5'0 (857 '90°0) 150 (e°¢) TST/S g+V ‘asusp-uoN

| Uswiop [esnedouswiald ul AlIsuad SAvY-19

(6'2T°'20) 56 (re‘00) 97T 100°0> (0LvZ '¥6'2) 25°8 (6'9) 9vz/LT @ ‘Ajuo asuap Ajpwianx3g
8TT'eY) T8 (8e'81)8C 100°0> (¥17'5'502) sze (9°9) ¥6ET/8L a+2 ‘asus@
(L'€T°'00) 6'G (rv'60)LC 200 (z6'8'92'T) 5¢°€ (5'v) 0zy/6T g+YV 'asusp-uoN

/ uswiopn Jesnedouswilsod ul Alisusg sSavy-1g

(08'6'T) 0§ (Te'e0) LT 100°0> (58'8'66'T) 6T'1 (€'9) 025/9¢ @ ‘Ajuo ssuap Ajpwanx3
(6662 v (zer1)6¢ 100°0> (€9°¢29T) 9v'C (0°S) YOve/6TT a+9 ‘ssusQ@
(18'00)6°€ (TyT1)9C 600 (18'5'/8°0) S2'C (T 12872 g+V ‘asusp-uoN

, fusuea savy-ig

O0T1T'eY) L'L (9e'61)82 700°0> (1€'5'1€°2) 05°€ (e5) 1281116 fesnedousuisod

Tr'vnLlLe (Lz'90) 9T 60 (ze'z'zL0)62T (0'%) v9TT/LY [esnedoustuaid

snye1s |esnedous|n

(wv'oe) e (ze'teLt 100°0> (Lzv'88T) €8T (5'€) 2662/50T AJUQ J80UBD BAISBAUL ‘UBWUOM |1V
(Ls'6deEv (Te'8T)GC 700°0> (Tv'€ '89'T) 6€°C (8'v) z662/7¥T UBWOM |1V
Ndg parens|3 Nndg mo

anjea-d Ndg 19N *:U 9%G6) Ndd MO 'SA NG PaIeAd|T 4O ¥H | (0p) N / 489U ISE8Q 24NINJ UM USWUOM sonsiasloeaey) dnoabgns

(1D 9%56) % isid aIn|osqy Jeak G

'sdnoubgns
Apnis ul ys1J 189ued 1sealq uo (sarobisred [ewiuiw pue osluadoloyd) Ndg Moj snsian (saLioba1ed paytew pue ‘ayelapowl ‘pliw) Ndg Pa1eA3|a JO UOIRIJ0SSY

‘€ 9lqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2021 December 03.



Page 31

Hruska et al.

"[GT] sJeak /< 10 SIeak GE> UBLIOM 0z SOPN|IXa pue AJUO SISOUEBD BAISBAUI WIOJ) PaYRINDJED SI Blep [9poW sk 0SOd

§

‘[¥1] S1271 Buimoys Asdoiq Jo A10ISIY Ylm 10 ‘SIeak G8< ‘SIeaA GE> USWOM GZ SSpN|IXa pue AJUO SJ8dUed SAISBAUI WOL) PaJe|Nded Si elep [spow st [1es)

't

"UBWIOM T Ul Buissiw snyels [esnedouswu pue uswiom /T Ui Buissiw Alsusp Savy-19

y

‘19IN 40 awin 1e (1INg) Xapul ssew Apoq pue abe oy paisnipe sjapoin
*

dnolBgns yaes Ul UBWOM JO Jaquinu 8yl = N

(LST'6T) 06 (c9'vo)ve 020 (6v'v '€L0) T8'T (¢'8) eceieT ansoubelg

(es's2)6€ (Te'L1)9¢ 100°0> (08'2'8'T) L6'T (S'v) 6SL2/52T Buiusaing
uopedlpul 19N

(9sT'T0) 2’8 (55'v0)0€ 100°0> (ev'0T 'L8T) V'Y (e'8) zezte %€ 2

(s8'0€) 85 (6z'TT) 0T 100°0> (L0v'8r'T) 9v'C (5v) sLeT/29 %L9'T 2

(L2's0)9T (9T '20) 60 €00 (16'€ '90'T) ¥0'C (9°2) eTvT/Le %.9T >
& VISId JB9A-9AI |9POIN OSOF

(62T'02) 9L Fsyove 2000 (96'G'2v'T) 96°C (T°2) 6vvice %€ 2

(€8'6'2) 9'S (ce'enee 100°0> (88'¢ ‘6v'T) OV'C (z'9) y1eT/89 %.9'T <

(0e'90)8T (LT%0TT €00 (s6'¢ '80'T) L0°C (z'2) 1591/L€ %.9°T >
# 151 1eax-aNI-] [3POIN 11eD

(zg'sT) e (62'cTTC 100'0> (e6'¢ ‘€V'T) LE7C (6€) L98T/EL SaAlJe|al 33169 Js11} SJ0W 10 BUO

(8L'60)v's (ev'L1)0%€ 000> (88°€ 'ev'T) 96T (€9) GetT/TL Sanije[a1 8316ap-1sily ON
Nd4g parers|3 Ndg Mo anfen-d ndg 19N | (1D %56) NdE MO 'SA Ndd Pa1eAs|3 JO UH | (9p) N / 480UBD 1S8BIQ S4MINY YIIM UBLUOA sonstsiveseyd dnoabans

(1D 9%56) % “isiy aINj0sqy Jeak G

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

AJR Am J Roentgenol. Author manuscript; available in PMC 2021 December 03.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Hruska et al.

Table 4.
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Discriminatory accuracy in estimating five-year risk of invasive breast cancer for Gail and BCSC models, with

and without 2-category (low or elevated) background parenchymal uptake (BPU).

Factors in Risk Model C-statistic (95% Cl) | Difference (95% Cl) | P-value
All Women

Gail risk score 59.0 (54.2, 63.8) -

Gail risk score + BPU 62.5 (58.0, 66.9) 3.5(-2.2,9.2) 0.23
BCSC risk score 60.3 (55.2, 65.1) -

BCSC risk score + BPU | 64.8 (60.1, 69.3) 45(-0.9,9.9) 0.10
Postmenopausal Women

Gail risk score 59.1 (53.8, 64.2) -

Gail risk score + BPU 65.1 (58.9, 70.7) 5.9 (0.2, 11.6) 0.04
BCSC risk score 60.4 (54.6, 66.2) -

BCSC risk score + BPU | 66.4 (60.2, 72.0) 6.0 (0.3, 11.8) 0.04
Premenopausal Women

Gail risk score 52.6 (42.1, 64.5) -

Gail risk score + BPU 60.1 (50.0, 69.3) 7.5 (-3.9, 19.0) 0.20
BCSC risk score 53.2 (45.3,61.4) -

BCSC risk score + BPU 61.3 (52.8, 69.5) 8.1(-1.7,18.0) 0.11
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