UC Davis
UC Davis Previously Published Works

Title
Breast cancer risk characteristics of women undergoing whole-breast ultrasound screening
versus mammography alone.

Permalink
https://escholarship.org/uc/item/5rk9k6d4

Journal
Cancer, 129(16)

Authors
Sprague, Brian
Ichikawa, Laura
Eavey, Joanna

Publication Date
2023-08-15

DOI
10.1002/cncr.34768

Peer reviewed

eScholarship.org Powered by the California Diqital Library

University of California


https://escholarship.org/uc/item/5rk9k6dz
https://escholarship.org/uc/item/5rk9k6dz#author
https://escholarship.org
http://www.cdlib.org/

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

WEALTY 4
of %,

SERVIC

A
u
Yeyvaaa

/ HHS Public Access

Author manuscript
Cancer. Author manuscript; available in PMC 2024 August 15.

Published in final edited form as:
Cancer. 2023 August 15; 129(16): 2456-2468. doi:10.1002/cncr.34768.

Breast cancer risk characteristics of women undergoing whole
breast ultrasound screening versus mammography alone

Brian L. Sprague, PhD1:2:3, Laura Ichikawa, MS4, Joanna Eavey, MSPH#, Kathryn P. Lowry,
MD?®, Garth Rauscher, PhDS, Ellen S. O’Meara, PhD#, Diana L. Miglioretti, PhD*7, Shuai
Chen, PhD’, Janie M. Lee, MD, MSc®, Natasha K. Stout, PhD8, Jeanne S. Mandelblatt,

MD, MPH?, Nila Alsheik, MD19, Sally D. Herschorn, MD%3, Hannah Perry, MD23, Donald L.
Weaver, MD311, Karla Kerlikowske, MD12:13

10ffice of Health Promotion Research, Department of Surgery, University of Vermont Larner
College of Medicine, Burlington, VT

2Department of Radiology, University of Vermont Larner College of Medicine, Burlington, VT

SUniversity of Vermont Cancer Center, University of Vermont Larner College of Medicine,
Burlington, VT

4Kaiser Permanente Washington Health Research Institute, Kaiser Permanente WA, Seattle,
Washington

SDepartment of Radiology, University of Washington and Seattle Cancer Care Alliance, Seattle,
WA

6Division of Epidemiology and Biostatistics, School of Public Health, University of lllinois at
Chicago, Chicago, IL

Division of Biostatistics, Department of Public Health Sciences, University of California Davis,
Davis, CA

8Department of Population Medicine, Harvard Medical School and Harvard Pilgrim Health Care
Institute, Boston, MA

CORRESPONDENCE: Brian L. Sprague, PhD, UHC Bldg Rm 4425, 1 S Prospect St, Burlington, Vermont 05405. (t) 802-656-4112;
bsprague@uvm.edu.

Author Contributions

Brian L. Sprague: conceptualization, data curation, funding acquisition, investigation, writing - original draft

Laura Ichikawa: conceptualization, data curation, formal analysis, investigation, methodology, writing - review and editing
Joanna Eavey: conceptualization, data curation, formal analysis, investigation, methodology, writing - review and editing
Kathryn P. Lowry: conceptualization, investigation, writing - review and editing

Garth Rauscher: data curation, funding acquisition, investigation, writing - review and editing

Ellen S. O’Meara: data curation, investigation, writing - review and editing

Diana L. Miglioretti: data curation, funding acquisition, investigation, writing - review and editing

Shuai Chen: investigation, methodology, writing - review and editing

Janie M. Lee: investigation, writing - review and editing

Natasha K. Stout: funding acquisition, investigation, writing - review and editing

Jeanne S. Mandelblatt: funding acquisition, investigation, writing - review and editing

Nila Alsheik: data curation, investigation, writing - review and editing

Sally D. Herschorn: investigation, writing - review and editing

Hannah Perry: investigation, writing - review and editing

Donald L. Weaver: investigation, writing - review and editing

Karla Kerlikowske: conceptualization, data curation, funding acquisition, investigation, writing - review and editing

Conflict of Interest Disclosures
No other conflict of interest disclosures were reported.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sprague et al. Page 2

°Department of Oncology, Georgetown University Medical Center, Georgetown University,
Washington, DC, USA.

10Advocate Caldwell Breast Center, Advocate Lutheran General Hospital, 1700 Luther Lane, Park
Ridge, IL

Department of Pathology & Laboratory Medicine, University of Vermont Larner College of
Medicine, Burlington, VT

2Departments of Medicine and Epidemiology and Biostatistics, University of California, San
Francisco, CA

13General Internal Medicine Section, Department of Veterans Affairs, University of California, San
Francisco, CA

Abstract

Background: There are no consensus guidelines for supplemental breast cancer screening
with whole breast ultrasound. However, criteria for women at high risk of mammaography
screening failures — interval invasive cancer or advanced cancer — have been identified.

We evaluated mammaography screening failure risk among women undergoing supplemental
ultrasound screening in clinical practice compared to women undergoing mammography alone.

Methods: We identified 38,166 screening ultrasounds and 825,360 screening mammograms
without supplemental screening during 2014-2020 within three Breast Cancer Surveillance
Consortium (BCSC) registries. Risk of interval invasive cancer and advanced cancer were
determined using BCSC prediction models. High interval invasive breast cancer risk was defined
as heterogeneously dense breasts and BCSC 5-year breast cancer risk =2.5%, or extremely dense
breasts and BCSC 5-year breast cancer risk =21.67%. Intermediate/high advanced cancer risk was
defined as BCSC 6-year advanced breast cancer risk >0.38%.

Results: 95.3% of 38,166 ultrasounds were among women with heterogeneously or extremely
dense breasts, compared to 41.8% of 825,360 screening mammograms without supplemental
screening (P<0.0001). Among women with dense breasts, high interval invasive breast cancer risk
was prevalent in 23.7% of screening ultrasounds, compared to 18.5% of screening mammaograms
without supplemental imaging (adjusted OR=1.35; 95%CI:1.30-1.39); intermediate/high advanced
cancer risk was prevalent in 32.0% of screening ultrasounds versus 30.5% of screening
mammograms without supplemental screening (adjusted OR=0.91; 95%CI:0.89-0.94).

Conclusions: Ultrasound screening was highly targeted to women with dense breasts but only
a modest proportion were at high mammography screening failure risk. A clinically significant
proportion of women undergoing mammography screening alone were at high mammography
screening failure risk.

PRECIS

Whole breast ultrasound screening is highly targeted to women with dense breasts but only a
modest proportion are at high risk of interval or advanced breast cancer. Consideration of other
breast cancer risk factors beyond breast density could facilitate identification of women at high
risk of mammography screening failures who may be appropriate for supplemental ultrasound
screening.

Cancer. Author manuscript; available in PMC 2024 August 15.
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INTRODUCTION

A number of studies have reported increased utilization of supplemental ultrasound
screening following the implementation of U.S. state laws mandating breast density
notification to women undergoing screening mammography.1=> A proposed amendment to
the U.S. Mammaography Quality Standards Act to require density notification nationally
has further increased attention to limitations of mammography in women with dense
breasts (heterogeneously dense or extremely dense) and the potential role for supplemental
screening to increase early detection of breast cancer.5: 7 However, there remain

no consensus guidelines in the U.S. regarding which women undergoing screening
mammography should receive supplemental ultrasound screening,®-10 and uncertainty
persists among women, primary care providers, and radiologists.8: 11-16

Supplemental ultrasound screening has the potential to detect cancers missed by
mammaography, though this gain is accompanied by potential harms including recall for
additional imaging and benign breast biopsy among women who do not have breast cancer
(false-positives).8 The balance of benefits and harms may potentially be improved by
targeting ultrasound screening to women at high risk of mammography screening failure,
defined as a symptomatic interval invasive cancer or an advanced breast cancer diagnosis
after mammography screening.1”- 18 In addition to breast density, other breast cancer risk
factors (e.g., family history of breast cancer, prior benign breast disease diagnosis, and
obesity) have been shown to be associated with likelihood of a mammography screening
failure.19 In the current clinical setting of variable referrals for ultrasound screening it is
unclear how closely utilization of ultrasound screening is associated with a woman’s risk of
mammaography screening failures.

We sought to evaluate the breast cancer risk characteristics of women undergoing ultrasound
screening in a large sample of breast imaging facilities within three regional registries of

the Breast Cancer Surveillance Consortium (BCSC). We contrasted the exam-level risk
characteristics of women undergoing ultrasound screening to those of women undergoing
mammography screening alone (no supplemental screening with ultrasound or MRI) at the
same facilities, and characterized risks of interval invasive cancer and advanced cancer.

The results inform understanding of ultrasound screening practice patterns in the U.S. and
provide evidence regarding the extent to which ultrasound screening is utilized by women at
high risk of mammography screening failures.

METHODS
Study Setting and Design

We analyzed observational clinical data from the Metro Chicago Breast Cancer
Registry (2014-2018), San Francisco Mammography Registry (2014-2020), and Vermont

Cancer. Author manuscript; available in PMC 2024 August 15.
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Breast Cancer Surveillance System (2014-2020), within the BCSC (https://www.bcsc-
research.org/).20 These three registries were chosen because they include a number of
facilities performing screening ultrasound, whereas screening ultrasound remains rare
within other BCSC registries. Each registry prospectively collected clinical breast imaging
data from participating facilities within its catchment area. The registries and a central
Statistical Coordinating Center (SCC) received Institutional Review Board approval to
enroll participants, link data, and perform analyses. All procedures were Health Insurance
Portability and Accountability Act compliant, and registries and the SCC received a Federal
Certificate of Confidentiality and other protections for the identities of women, physicians,
and facilities.

Study Population

This study included screening ultrasound and screening mammography examinations
performed at 32 breast imaging facilities with at least 10 screening ultrasounds during

the study period, 2014-2020 (40 facilities at the three participating BCSC registries had

no screening ultrasounds or fewer than 10 screening ultrasounds and were not included).
Exams among adult women age =18 years with no personal history of breast cancer were
eligible for inclusion. Eligible screening ultrasound examinations were included regardless
of mammography utilization before or after the ultrasound exam. As a comparison group,
screening mammograms performed in women with no evidence of supplemental screening
(ultrasound or MRI) within the next 12 months were identified from the same facilities and
years.

Data Collection

Participating breast imaging facilities provided type of breast imaging modality (digital
mammography, tomosynthesis, ultrasound, MRI), examination indication (screening vs.
diagnostic), and mammographic breast density data to BCSC registries using standard
nomenclature from the Breast Imaging Reporting and Data System (BI-RADS).2! Breast
density was recorded by radiologists during clinical interpretation of mammography using
four categories: almost entirely fatty, scattered fibroglandular densities, heterogeneously
dense, or extremely dense.2! For screening ultrasounds, breast density was taken from the
closest mammogram within 18 months (if available; otherwise breast density was defined
as missing). Demographic, risk factor, and health history information was self-reported
by women at the time of breast imaging or extracted from electronic medical records.
Prior benign breast biopsy results were abstracted from clinical pathology reports. For
the purposes of determining personal history of breast cancer (an exclusion criteria), we
used clinical records and breast cancer diagnosis data ascertained by BCSC registries’
linkage of women’s breast imaging records to pathology databases; regional Surveillance,
Epidemiology, and End Results programs; and state tumor registries, as previously
described.20

Key Measures and Definitions

Women’s characteristics were defined at each breast imaging examination. Women with
heterogeneously or extremely dense breasts on mammaography were considered to have
dense breasts, consistent with conventional clinical and regulatory definitions.22 23 We

Cancer. Author manuscript; available in PMC 2024 August 15.
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grouped prior benign diagnoses based on risk of developing subsequent breast cancer

using published taxonomy?24-27 (lobular carcinoma in situ [LCIS] > atypical hyperplasia

> proliferative without atypia > non-proliferative) or as unknown if a woman reported a prior
biopsy with no available BCSC pathology result. First-degree family history of breast cancer
included any breast cancer diagnosis in a mother, sister, or daughter. Body mass index
(BMI) was categorized based on height and weight. Postmenopausal women were those
with both ovaries removed, whose periods had stopped naturally, age 60 or older, current
users of postmenopausal hormone therapy, or last menstrual period was over a year ago.
Premenopausal women reported a period within the last 180 days or birth control hormone
use. If menopausal status data was missing, women were assumed to be post-menopausal if
age 52 years or older and pre-menopausal otherwise.

Risk for invasive breast cancer and interval invasive breast cancer were determined using
the BCSC 5-year risk model version 2.0, which is applicable to women ages 35-74 with

no prior history of DCIS or invasive breast cancer.2” Five-year invasive breast cancer risk is
based on age, race and ethnicity, first degree family history of breast cancer, prior history

of benign breast disease, and breast density.2” Using previously developed definitions,1” we
classified women as having high interval invasive breast cancer risk after mammography

if they had heterogeneously dense breasts and BCSC 5-year invasive breast cancer risk
>2.5% or extremely dense breasts and BCSC 5-year invasive breast cancer risk >1.67%.
Women in these groups have interval invasive cancer rates exceeding 1 per 1000 exams after
mammography screening.l’

We estimated advanced breast cancer risk (defined as prognostic pathologic stage Il or
higher)28 using the BCSC 6-year advanced breast cancer risk model (https://tools.bcsc-
scc.org/AdvBC6yearRisk/#/), which is applicable to women aged 40-74 with no prior
history of LCIS, DCIS, or invasive breast cancer.2% The model is based on age, race

and ethnicity, menopausal status, BMI, first-degree family history of breast cancer, prior
history of benign breast disease, breast density, and mammography screening interval.2 For
all women, we estimated advanced cancer risk under an annual mammography screening
regimen in the absence of supplemental screening. We classified women’s advanced cancer
risk according to previously defined thresholds for low/average (<0.38%) and intermediate/
high advanced cancer risk (=0.38%).2°

Statistical Analyses

Screening breast imaging examinations were the unit of analysis. We described exam-level
demographics and breast cancer risk characteristics of women undergoing ultrasound
screening examinations and compared them to those of women undergoing screening
mammography alone. We tested the association of demographic and risk characteristics
with receipt of screening ultrasound using logistic regression adjusted for BCSC registry
and estimated by generalized estimating equations with a working independence correlation
structure to account for clustering of multiple exams per woman. Secondary analyses were
restricted to exams among women with dense breasts. All analyses were conducted using
SAS version 9.4 (SAS Institute, Cary, NC).

Cancer. Author manuscript; available in PMC 2024 August 15.
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The study included 38,166 ultrasound screening exams among 29,112 women and 825,360
mammography screening exams among 377,140 women, yielding a ratio of one ultrasound
screening exam for every 22 mammography alone screening episodes. Most ultrasound
screening exams (75%) were the woman’s first ultrasound screen and 63% of screening
ultrasounds occurred within 9 months following a mammogram. Two percent of ultrasound
screens occurred among women who had a prior MRI screening exam recorded in the
BCSC database, compared to 0.4% among the mammography alone group. Approximately
69% of ultrasound screening exams occurred among women aged 40-59 years and 25.7%
were among women who identified as Asian, Black, or Hispanic (Table 1). 95.3% of
ultrasound screening exams were among women with dense breasts, while 21.7% occurred
among women with a first-degree family history of breast cancer, 24.3% had a prior
benign breast disease diagnosis, and 43.7% were among women who were overweight

or obese. There were statistically significant differences in the distribution of demographic
and risk characteristics between ultrasound screening exams and mammaography screening
alone exams (Table 1; p<0.0001). In comparison to mammography, ultrasound screening
exams were much more likely to occur in women who were younger than age 50 years,
premenopausal, had dense breasts, and normal body mass index. Small differences were
observed in race/ethnicity, family history of breast cancer, and personal history of benign
breast disease.

In analyses restricted to exams among women with dense breasts, there were 35,616
ultrasound screening exams and 342,343 mammography alone screening episodes,
corresponding to a ratio of 1:10 (Table 2). In this subset of exams, ultrasound screening
was more likely to occur in White women, and slightly more likely to occur among women
who were younger than 50 years, premenopausal, had extremely dense breasts, a family
history of breast cancer, and a history of benign breast disease. The distribution of body
mass index was very similar across groups.

Among screening ultrasound exams in women ages 35-74, 27.2% occurred in women with
intermediate BCSC 5-year invasive breast cancer risk (1.67-2.49%) and 18.1% occurred
among women with high or very high BCSC 5-year invasive breast cancer risk (=2.50%)
(Figure 1A). In the comparator group of mammography alone exams, 19.6% occurred

in women with intermediate BCSC 5-year invasive breast cancer risk and 9.5% occurred
among women with high or very high BCSC 5-year invasive breast cancer risk. In analyses
restricted to exams among women aged 35-74 years with dense breasts, 46.4% of screening
ultrasound exams occurred in women with intermediate or higher BCSC 5-year invasive
breast cancer risk, whereas 40.7% of mammography alone screening exams occurred in
women with intermediate or higher BCSC 5-year invasive breast cancer risk (Figure 1B).

The joint distribution of breast density and BCSC 5-year invasive breast cancer risk across
screening ultrasound and mammography screening examinations is shown in Figure 2. A
total of 22.6% of screening ultrasounds were performed in women at high risk of interval
invasive cancer after mammography due to having either heterogeneously dense breasts and
BCSC 5-year invasive breast cancer risk of >22.5%, or extremely dense breasts and BCSC

Cancer. Author manuscript; available in PMC 2024 August 15.
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5-year invasive risk 21.67%. Among the mammography alone comparator group, 8.0% of
exams were in women at high interval invasive cancer risk (adjusted odds ratio [aOR]=3.28;
95%Cl1:3.17-3.39 for high interval invasive cancer risk, ultrasound vs. mammography).
Among women with dense breasts, 23.7% of screening ultrasounds were performed in
women at high risk of interval invasive cancer, whereas 18.5% of mammaography alone
exams were in women at high risk of interval invasive cancer (aOR=1.35; 95%CI:1.30-
1.39).

Figure 3A illustrates that 30.7% of ultrasound screens among women ages 4074 years
occurred in women with intermediate or high BCSC 6-year advanced breast cancer risk
(=0.38%). Among the mammography alone comparator group, 18.6% of exams occurred

in women with intermediate or higher advanced breast cancer risk (aOR=1.60; 95%CI:1.55-
1.64 for intermediate or higher advanced cancer risk, ultrasound vs. mammography). In
analyses restricted to exams among women aged 40-74 years with dense breasts, 32.0% of
screening ultrasound exams occurred in women with intermediate or high BCSC 6-year
advanced breast cancer risk, whereas 30.5% of mammography screening alone exams
occurred in women with intermediate or high BCSC 6-year advanced breast cancer risk
(aOR=0.91; 95%CI:0.89-0.94; Figure 3B).

DISCUSSION

Our results from a geographically diverse sample of breast imaging facilities in the United
States demonstrate that ultrasound screening was predominantly utilized by women with
dense breasts. Other breast cancer risk factors were also more common, and risk of
mammography failures — interval invasive breast cancer and advanced cancer — was higher
among ultrasound screening exams compared to mammaography screening alone. Analyses
restricted to exams among women with dense breasts indicated only modest differences in
risk of interval or advanced cancer between the ultrasound and mammography alone groups.
Overall, our findings indicate strong selection of women for ultrasound screening based
on breast density alone and moderate selection based on other breast cancer risk factors,
corresponding to a wide distribution in risk of mammography screening failure among
women undergoing breast ultrasound screening.

The moderate differences in the risk distributions for invasive breast cancer, interval cancer,
and advanced breast cancer observed in the full study population between ultrasound
screening exams versus mammaography alone exams narrowed substantially when restricted
to exams among women with dense breasts. Most notably, the prevalence of intermediate or
high 6-year advanced breast cancer risk among women with dense breasts was higher among
mammography alone screening exams compared to supplemental ultrasound screening
exams after adjusting for BCSC registry. This reinforces our conclusion that, aside from
breast density, other factors associated with mammography failure risk such as obesity2° are
not commonly used to select women for supplemental ultrasound screening.

Our results also demonstrate that a clinically significant proportion of women at high risk of
advanced cancer underwent mammography screening alone with no supplemental screening.

Cancer. Author manuscript; available in PMC 2024 August 15.
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These findings suggest a potential role for risk assessment at the time of mammography
screening or during primary care visits when screening strategies are discussed.

While consensus guidelines for supplemental ultrasound screening do not exist in the U.S.,
the American College of Radiology’s Expert Panel on Breast Imaging recently concluded
that ultrasound screening may be appropriate for high-risk women with non-dense breasts
(almost entirely fatty and scattered fibroglandular densities) and intermediate or high-risk
women with dense breasts, whereas supplemental ultrasound screening is usually not
appropriate for average or intermediate risk women with non-dense breasts.1? The panel
disagreed as to whether ultrasound screening may be appropriate for average-risk women
with dense breasts. In our study, mammography failure risk varied widely among women
undergoing breast ultrasound screening. Approximately half of ultrasound screening exams
occurred among women with dense breasts and low or average breast cancer risk who

are not at high risk of screening failures. One-fifth of women undergoing ultrasound
screening in our study were classified as having high interval invasive breast cancer risk
with mammography based on their breast density and BCSC 5-year risk.1” Approximately
1 in 3 women undergoing ultrasound screening had intermediate or higher advanced cancer
risk. These observations underscore the need for additional research to determine in what
population ultrasound screening reduces the risk of screening failures.

Ultrasound screening was relatively rare at the participating breast imaging facilities

(1 per 22 mammography alone screening episodes, and 1 per 10 mammography alone
exams among women with dense breasts). Almost 20% of mammography alone screening
exams (corresponding to over 126,000 screening episodes) occurred among women with
intermediate or high advanced cancer risk, exceeding by far the total number of ultrasound
screening episodes (38,166) and demonstrating that a large group of women at high
advanced cancer risk did not undergo supplemental ultrasound or MRI screening. Efforts
to increase supplemental ultrasound or MRI screening utilization among women at high
risk of mammography failure may improve breast cancer screening outcomes.1?: 18, 29
Numerous studies have demonstrated that the addition of supplemental ultrasound to
mammography increases cancer detection rates,® 30 and evidence is also emerging that
supplemental ultrasound screening is associated with reduced interval cancer rates compared
to mammography alone.31: 32

While breast density notification laws have focused attention on the limitations of
mammography for women with dense breasts, a growing literature has highlighted the
importance of additional risk factors in contributing to risk of mammography screening
failures.1”- 1829 | aws and policies that mandate breast density notification without
consideration of other risk factors may be inadequate to direct supplemental screening
efforts to women at risk of mammography failures. Tools for estimating breast cancer

risk and risk of mammography screening failure are available, though consensus on

which measures are most appropriate has not been established and further research on
implementation strategies in clinical practice will be needed. The BCSC 5-year breast cancer
risk model v2.0 calculator is freely available online,33 and can be combined with breast
density to identify women at elevated risk of mammography interval invasive breast cancer
as done in this study.1” The BCSC 6-year advanced cancer risk model was developed

Cancer. Author manuscript; available in PMC 2024 August 15.
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to directly estimate advanced cancer risk as a function of age, race/ethnicity, menopausal
status, screening interval, BMI, first degree family history of breast cancer, prior history of
benign breast disease, and breast density.2? To facilitate use, the risk model publication??
includes look-up tables showing advanced cancer risk for combinations of risk factors and is
available as an online calculator.

Our results are consistent with prior work showing that ultrasound screening utilization

is associated with age, breast density, and family history of breast cancer.? In the prior
BCSC analysis of ultrasound screening in the BCSC during 2006-2013, 74% of ultrasound
screening exams occurred among women with dense breasts; 46% occurred among women
with intermediate or higher BCSC 5-year invasive cancer risk.3* While BI-RADS guidelines
for breast density assessment changed in 2013,21: 35 our prior work indicates that density
assessment in clinical practice remained consistent within the BCSC38 and thus is unlikely
to explain the change in breast density prevalence between the prior BCSC ultrasound study
and the current study. While our current study indicates that ultrasound screening during
2014-2020 was more narrowly targeted to women with dense breasts, the distribution of
breast cancer risk among women undergoing ultrasound remained similar between the two
studies. Our analyses provide new evidence regarding the distribution of mammography
failure risk among women undergoing ultrasound screening.

Interpretation of our results must be tempered by the limited data on ultrasound screening
performance according to risk characteristics and uncertainty about the appropriateness

of ultrasound screening in population subgroups.19 While prior work has characterized
women at high risk of mammography screening failures,17- 18: 29 evidence on the impact

of supplemental ultrasound screening on breast cancer outcomes among women at high
mammaography screening failure risk is not yet available. Ultrasound screening is not
without potential harms in the form of false-positives. A prior BCSC study estimated

that supplemental ultrasound screening was associated with an approximate doubling of
the false-positive biopsy recommendation rate compared to mammography alone.3* Further
study is needed to characterize ultrasound screening performance and long-term outcomes
according to risk of mammography screening failure. In the current absence of consensus
recommendations, the decision to undergo supplemental ultrasound screening should involve
a consideration of both potential benefits and harms, personal preferences, and values.!

Strengths of our study include a geographically and racially diverse sample of breast
imaging facilities from U.S. community practice, prospectively collected breast imaging and
risk factor data via three BCSC registries, and the use of established BCSC risk prediction
models. Notably, the three registries were selected because they included a number of breast
imaging facilities offering screening ultrasound; thus, the rate of ultrasound screening is
higher than would be observed across all BCSC registries. We did not examine the impact
of density notification laws in this study, which were enacted in 2013, 2017, and 2019

for California, Vermont, and Illinois, respectively (Illinois mandated insurance coverage

of supplemental screening for women with dense breasts beginning in 2009). However,

our study characterizes utilization of screening ultrasound during a contemporary era of
increased breast density awareness following national patient advocacy efforts,3’-40 which
undoubtedly contributed to the observed enrichment of ultrasound screening exams among

Cancer. Author manuscript; available in PMC 2024 August 15.
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women with dense breasts. The BCSC risk models have moderate discrimination, they do
not consider potentially useful predictors such as family history of breast cancer in second-
degree relatives, genetic polymorphisms, or quantitative image-based mammaographic
features, and it is unclear how commonly they are used in clinical practice. However, the
BCSC invasive breast cancer risk model is well calibrated in comparison to other models
and externally validated in three cohorts.#1-43 To our knowledge, the BCSC advanced
cancer risk model is the only available risk model for advanced breast cancer. Our study
does not directly address the degree to which ultrasound screening may be targeted based
on other breast cancer risk models commonly used in clinical practice. Finally, we were
unable to examine the frequency of high penetrance genetic mutations (e.g., BRCA1/2).
However, the modest frequency of first-degree family history among women undergoing
ultrasound screening suggests that these were unlikely to be common, and supplemental
MRI screening is recommended for BRCA mutation carriers.** Further study is needed
of sociodemographic predictors of ultrasound screening, barriers to ultrasound screening
access, and implementation strategies for delivery of information on risk of breast cancer
and mammaography failures.

In summary, we found that ultrasound screening in this geographically-diverse multi-site
study was strongly targeted to women with dense breasts. The distributions of breast

cancer risk, interval invasive breast cancer risk, and advanced cancer risk varied widely
among women undergoing ultrasound screening. Many women at high risk of screening
mammography failure did not undergo supplemental screening following mammography.
Consideration and further public awareness of other breast cancer risk factors beyond breast
density could facilitate identification of women at high risk of mammography screening
failures who may be appropriate for supplemental ultrasound screening.

Acknowledgements

FUNDING

We thank the participating women, mammography facilities, and radiologists for the data they have provided for
this study. You can learn more about the BCSC at: http://www.bcsc-research.org/.

This work was supported by the National Cancer Institute (RO1CA248068). Data collection for this research was
additionally supported by the Breast Cancer Surveillance Consortium with funding from the National Cancer
Institute (PO1CA154292 and U54CA163303), a Patient-Centered Outcomes Research Institute (PCORI) Program
Award (PCS-1504-30370), and the Agency for Healthcare Research and Quality (R01 HS018366—-01A1). Dr.
Sprague’s effort was also supported by the National Institute of General Medical Sciences (P20GM103644). Dr.
Mandelblatt’s effort was also supported by the National Cancer Institute (U01CA199218 and R35CA197289). The
collection of cancer and vital status data was supported in part by several state public health departments and
cancer registries throughout the U.S. (https://www.bcsc-research.org/work/acknowledgement). The sponsors had
no role in the design and conduct of the study; collection, management, analysis, and interpretation of the data;
preparation, review, or approval of the manuscript; and decision to submit the manuscript for publication. The
statements presented in this work are solely the responsibility of the authors and do not necessarily represent the
official views of PCORYI, its Board of Governors or Methodology Committee, the National Cancer Institute, or the
National Institutes of Health.

Dr. Lowry receives grant funding from GE Healthcare outside the submitted work. Dr. Miglioretti received textbook

royalties from Elsevier. Dr. Lee receives research grant funding from GE Healthcare outside the submitted work.
Dr. Kerlikowske is an unpaid consultant with Grail Inc. for the STRIVE study.

Cancer. Author manuscript; available in PMC 2024 August 15.


http://www.bcsc-research.org/
https://www.bcsc-research.org/work/acknowledgement

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sprague et al.

Page 11

REFERENCES

1.

10

11.

12.

13.

14.

15.

16.

17.

18.

Manning M, Albrecht TL, O’Neill S, Purrington K. Between-Race Differences in Supplemental
Breast Cancer Screening Before and After Breast Density Notification Law. J Am Coll Radiol.
2019;16: 797-803. [PubMed: 30342908]

. Busch SH, Hoag JR, Aminawung JA, et al. Association of State Dense Breast Notification Laws

With Supplemental Testing and Cancer Detection After Screening Mammography. Am J Public
Health. 2019;109: 762-767. [PubMed: 30896987]

. Nayak L, Miyake KK, Leung JW, et al. Impact of Breast Density Legislation on Breast Cancer Risk

Assessment and Supplemental Screening: A Survey of 110 Radiology Facilities. Breast J. 2016;22:
493-500. [PubMed: 27296462]

. Huang S, Houssami N, Brennan M, Nickel B. The impact of mandatory mammaographic breast

density notification on supplemental screening practice in the United States: a systematic review.
Breast Cancer Res Treat. 2021;187: 11-30. [PubMed: 33774734]

. Saulsberry L, Pace LE, Keating NL. The Impact of Breast Density Notification Laws on

Supplemental Breast Imaging and Breast Biopsy. J Gen Intern Med. 2019;34: 1441-1451.
[PubMed: 31144277]

. Food US and Administration Drug. Mammaography Quality Standards Act: A Proposed Rule by the

Food and Drug Administration on 03/28/2019. Available from URL.: https://federalregister.gov/d/
2019-05803 [accessed April 5, 2019.

. Printz C. Coming changes to mammaography standards: With its proposed amendments to update

mammography rules, the US Food and Drug Administration hopes to empower patients and health
care providers. Cancer. 2019;125: 3097-3099. [PubMed: 31469416]

. Melnikow J, Fenton JJ, Whitlock EP, et al. Supplemental Screening for Breast Cancer in Women

With Dense Breasts: A Systematic Review for the U.S. Preventive Services Task Force. Ann Intern
Med. 2016;164: 268-278. [PubMed: 26757021]

. Siu AL. Screening for Breast Cancer: U.S. Preventive Services Task Force Recommendation

Statement. Ann Intern Med. 2016;164: 279-296. [PubMed: 26757170]

. Expert Panel on Breast I, Weinstein SP, Slanetz PJ, et al. ACR Appropriateness Criteria(R)
Supplemental Breast Cancer Screening Based on Breast Density. J Am Coll Radiol. 2021;18:
S456-S473. [PubMed: 34794600]

Smetana GW, Elmore JG, Lee CI, Burns RB. Should This Woman With Dense Breasts Receive
Supplemental Breast Cancer Screening?: Grand Rounds Discussion From Beth Israel Deaconess
Medical Center. Ann Intern Med. 2018;169: 474-484. [PubMed: 30285208]

Haas JS, Kaplan CP. The Divide Between Breast Density Notification Laws and Evidence-Based
Guidelines for Breast Cancer Screening: Legislating Practice. JAMA Intern Med. 2015;175: 1439—
1440. [PubMed: 26147642]

Kressin NR, Gunn CM, Battaglia TA. Content, Readability, and Understandability of Dense Breast
Notifications by State. JAMA. 2016;315: 1786-1788. [PubMed: 27115382]

Miles RC, Lehman C, Warner E, Tuttle A, Saksena M. Patient-Reported Breast Density Awareness
and Knowledge after Breast Density Legislation Passage. Academic radiology. 2019;26: 726-731.
[PubMed: 30122625]

Lourenco AP, DiFlorio-Alexander RM, Slanetz PJ. Breast Density Legislation in New England:

A Survey Study of Practicing Radiologists. Academic radiology. 2017;24: 1265-1267. [PubMed:
28495213]

Gunn CM, Kressin NR, Cooper K, Marturano C, Freund KM, Battaglia TA. Primary Care Provider
Experience with Breast Density Legislation in Massachusetts. J Womens Health (Larchmt).
2018;27: 615-622. [PubMed: 29338539]

Kerlikowske K, Zhu W, Tosteson AN, et al. Identifying women with dense breasts at high risk for
interval cancer: a cohort study. Ann Intern Med. 2015;162: 673-681. [PubMed: 25984843]
Kerlikowske K, Sprague BL, Tosteson ANA, et al. Strategies to Identify Women at High Risk

of Advanced Breast Cancer During Routine Screening for Discussion of Supplemental Imaging.
JAMA Intern Med. 2019;179: 1230-1239. [PubMed: 31260054]

Cancer. Author manuscript; available in PMC 2024 August 15.


https://federalregister.gov/d/2019-05803
https://federalregister.gov/d/2019-05803

1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Sprague et al.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Page 12

Sprague BL, Miglioretti DL, Lee CI, Perry H, Tosteson AAN, Kerlikowske K. New mammography
screening performance metrics based on the entire screening episode. Cancer. 2020;126: 3289—
3296. [PubMed: 32374471]

Lehman CD, Arao RF, Sprague BL, et al. National Performance Benchmarks for Modern
Screening Digital Mammography: Update from the Breast Cancer Surveillance Consortium.
Radiology. 2017;283: 49-58. [PubMed: 27918707]

American College of Radiology. ACR BI-RADS® - Mammography. 5th Edition. ACR BI-RADS
Atlas: Breast Imaging Reporting and Data System. Reston, VA: American College of Radiology,
2013.

Ray KM, Price ER, Joe BN. Breast density legislation: mandatory disclosure to patients, alternative
screening, billing, reimbursement. AJR. American journal of roentgenology. 2015;204: 257-260.
[PubMed: 25615746]

Sprague BL, Kerlikowske K, Bowles EJA, et al. Trends in Clinical Breast Density Assessment
From the Breast Cancer Surveillance Consortium. J Natl Cancer Inst. 2019;111: 629-632.
[PubMed: 30624682]

Dupont WD, Page DL. Risk factors for breast cancer in women with proliferative breast disease. N
Engl J Med. 1985;312: 146-151. [PubMed: 3965932]

Page DL, Dupont WD, Rogers LW, Rados MS. Atypical hyperplastic lesions of the female breast.
A long-term follow-up study. Cancer. 1985;55: 2698-2708. [PubMed: 2986821]

Page D, Schuyler P, Dupont W, al. e. Atypical lobular hyperplasia as a unilateral predictor of breast
cancer risk: a retrospective cohort study. Lancet. 2003;361: 125-129. [PubMed: 12531579]

Tice JA, Miglioretti DL, Li CS, Vachon CM, Gard CC, Kerlikowske K. Breast Density and Benign
Breast Disease: Risk Assessment to Identify Women at High Risk of Breast Cancer. J Clin Oncol.
2015;33: 3137-3143. [PubMed: 26282663]

Kerlikowske K, Bissell MCS, Sprague BL, et al. Advanced Breast Cancer Definitions by Staging
System Examined in the Breast Cancer Surveillance Consortium. J Natl Cancer Inst. 2021;113:
909-916. [PubMed: 33169794]

Kerlikowske K, Chen S, Golmakani MK, et al. Cumulative Advanced Breast Cancer Risk
Prediction Model Developed in a Screening Mammography Population. J Natl Cancer Inst. 2022:
djac008.

Vourtsis A, Berg WA. Breast density implications and supplemental screening. Eur Radiol.
2019;29: 1762-1777. [PubMed: 30255244]

Zeng A, Brennan ME, Young S, Mathieu E, Houssami N. The Effect of Supplemental Imaging on
Interval Cancer Rates in Mammography Screening: Systematic Review. Clin Breast Cancer. 2021.
Harada-Shoji N, Suzuki A, Ishida T, et al. Evaluation of Adjunctive Ultrasonography for Breast
Cancer Detection Among Women Aged 40-49 Years With Varying Breast Density Undergoing
Screening Mammaography: A Secondary Analysis of a Randomized Clinical Trial. JAMA Netw
Open. 2021;4: €2121505. [PubMed: 34406400]

Breast Cancer Surveillance Consortium. Breast Cancer Surveillance Consortium Risk Calculator.
Auvailable from URL: https://tools.besc-sce.org/BC5yearRisk/intro.htm [accessed November 1,
2021.

Lee JM, Arao RF, Sprague BL, et al. Performance of Screening Ultrasonography as an Adjunct
to Screening Mammography in Women Across the Spectrum of Breast Cancer Risk. JAMA Intern
Med. 2019;179: 658-667. [PubMed: 30882843]

American College of Radiology. ACR BI-RADS® - Mammaography. 4th Edition. ACR Breast
Imaging Reporting and Data System, Breast Imaging Atlas. Reston, VA: American College of
Radiology, 2003.

Sprague BL, Kerlikowske K, Bowles EJA, et al. Trends in Clinical Breast Density Assessment
From the Breast Cancer Surveillance Consortium. J Natl Cancer Inst. 2019.

Cappello NM. Decade of ‘normal’ mammography reports--the happygram. J Am Coll Radiol.
2013;10: 903-908. [PubMed: 24295938]

Smith ML. The density conundrum: does legislation help or hurt? J Am Coll Radiol. 2013;10:
909-912. [PubMed: 24295939]

Cancer. Author manuscript; available in PMC 2024 August 15.


https://tools.bcsc-scc.org/BC5yearRisk/intro.htm

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Sprague et al.

39.

40.

41.

42.

43.

44,

Page 13

Dehkordy SF, Carlos RC. Dense breast legislation in the United States: state of the states. J Am
Coll Radiol. 2013;10: 899-902. [PubMed: 24295937]

Ho JM, Jafferjee N, Covarrubias GM, Ghesani M, Handler B. Dense breasts: a review of reporting
legislation and available supplemental screening options. AJR. American journal of roentgenology.
2014;203: 449-456. [PubMed: 25055284]

McCarthy AM, Guan Z, Welch M, et al. Performance of Breast Cancer Risk-Assessment Models in
a Large Mammography Cohort. J Natl Cancer Inst. 2020;112: 489-497. [PubMed: 31556450]
Tice JA, Bissell MCS, Miglioretti DL, et al. Validation of the breast cancer surveillance consortium
model of breast cancer risk. Breast Cancer Res Treat. 2019;175: 519-523. [PubMed: 30796654]
Vachon CM, Pankratz VS, Scott CG, et al. The contributions of breast density and common genetic
variation to breast cancer risk. J Natl Cancer Inst. 2015;107: dju397.

Elezaby M, Lees B, Maturen KE, et al. BRCA Mutation Carriers: Breast and Ovarian Cancer
Screening Guidelines and Imaging Considerations. Radiology. 2019;291: 554-569. [PubMed:
31038410]

Cancer. Author manuscript; available in PMC 2024 August 15.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Sprague et al.

A

Proportion of Exams (%)
B R NN W W N
o U o uun O un O u O

Page 14
m Ultrasound Screening, all exams ® Mammography Screening, all exams
40.1
- |
Average Intermediate High Very High
(<1.00%) (1.00-1.66%) (1.67-2.49%) (2.50-3.99%) (24.00%)

BCSC 5-year Invasive Breast Cancer Risk

. m Ultrasound Screening, exams with dense breasts B Mammography Screening, exams with dense breasts

Proportion of Exams (%)
= = N N W w p
o U1 O un O U1 O Uu O

24

Average Intermediate High Very High
(<1.00%) (1.00-1.66%) (1.67-2.49%) (2.50-3.99%) (24.00%)

BCSC 5-year Invasive Breast Cancer Risk

Figure 1. Distribution of BCSC 5-year invasive breast cancer risk.
Among (A) all women ages 35-74 and (B) women ages 35-74 with dense breasts

undergoing ultrasound screening exams or mammography screening alone at 32 breast
imaging facilities participating in the Vermont, San Francisco and Chicago Breast Cancer
Surveillance Consortium registries, 2014-2020. The BCSC 5-year invasive breast cancer
risk model is not applicable for women under age 35 or over age 74 years. Among women
aged 35-74 years, invasive breast cancer risk could not be calculated due to missing breast
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density for 1.8% of eligible ultrasound screening exams and 0.7% of eligible mammography
screening exams.
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Figure 2. Joint distribution of breast density and BCSC 5-year invasive breast cancer risk.
Among women ages 35-74 undergoing (A) ultrasound screening or (B) mammography

screening alone at 32 breast imaging facilities participating in the Vermont, San Francisco
and Chicago Breast Cancer Surveillance Consortium registries, 2014-2020. Diagonally
striped bars represent groups with high interval invasive cancer risk based on breast density
and estimated BCSC 5-year invasive breast cancer risk 17. The BCSC 5-year invasive breast
cancer risk model is not applicable for women under age 35 or over age 74 years. Among
women aged 35-74 years, breast density and invasive breast cancer risk were missing for
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1.8% of eligible ultrasound screening exams and 0.7% of eligible mammography screening
exams.
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Figure 3. Distribution of BCSC 6-year advanced stage breast cancer risk.
Among (A) all women ages 40-74 and (B) women ages 40-74 with dense breasts

undergoing ultrasound screening exams and mammography screening exams at 32 breast
imaging facilities participating in the Vermont, San Francisco and Chicago Breast Cancer
Surveillance Consortium registries, 2014-2020. The BCSC advanced cancer risk model is
not applicable for women under age 40 or over age 74 years. Among women aged 40-74
years, advanced cancer risk could not be calculated due to missing body mass index or
breast density or prior LCIS for 6.2% of ultrasound screening exams (4.6% for women with
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dense breasts and 9.4% of mammography screening exams (10.3% for women with dense
breasts).
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Table 1.

Exam-level demographic and risk characteristics for women undergoing ultrasound screening exams or
mammography screening alone at 32 breast imaging facilities participating in the Vermont, San Francisco and
Chicago Breast Cancer Surveillance Consortium registries, 2014-2020.

Ultrasound Screening (N=38,166 Mammography Screening Alone
exams) (N=825,360 exams)
n 0% n %2  P-value®
Age, years <0.0001
<40 1,056 2.8% 8,083 1.0%
40-49 13,581 35.6% 183,539 22.2%
50-59 12,611 33.0% 259,759 31.5%
60-69 7,631 20.0% 235,392 28.5%
70+ 3,287 8.6% 138,587 16.8%
Race/ethnicity® <0.0001
Asian 2,573 6.9% 109,367 13.7%
Black 2,978 8.0% 86,652 10.9%
Hispanic 3,981 10.7% 54,776 6.9%
White 26,820 72.4% 530,805 66.5%
Other/Multiple 685 1.8% 16,039 2.0%
Unknown 1,129 (3.0%) 27,721 (3.4%)
Menopausal status <0.0001
Premenopausal 18,720 49.0% 250,456 30.3%
Postmenopausal 19,446 51.0% 574,904 69.7%
BI-RADS breast density <0.0001
Almost entirely fat 119 0.3% 81,942 10.0%
Scattered fibroglandular densities 1,647 4.4% 395,131 48.2%
Heterogeneously dense 29,119 77.9% 294,442 35.9%
Extremely dense 6,497 17.4% 47,901 5.8%
Unknown 784 (2.1%) 5,944 (0.7%)
First degree family history of breast cancer <0.0001
No 29,785 78.3% 674,185 82.6%
Yes 8,249 21.7% 142,338 17.4%
Unknown 132 (0.3%) 8,837 (1.1%)
History of benign breast disease <0.0001
None 28,882 75.7% 654,132 79.3%
Prior biopsy, diagnosis unknown 4,762 12.5% 98,506 11.9%
Non-proliferative lesion 3,099 8.1% 49,613 6.0%
Proliferative changes without atypia 1,036 2.7% 18,606 2.3%
Proliferative changes with atypia 329 0.9% 3,853 0.5%
Lobular carcinoma in situ 58 0.2% 650 0.1%
Body Mass Index (kg/m?) <0.0001
Underweight (<18.5) 890 2.5% 10,468 1.4%

Cancer. Author manuscript; available in PMC 2024 August 15.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Sprague et al.

Page 21

Ultrasound Screening (N=38,166

Mammography Screening Alone

exams) (N=825,360 exams)

n %2 n %2 P-valued
Normal (18.5-<25) 19,484 53.9% 273,983 36.7%
Overweight (25-<30) 10,120 28.0% 225,676 30.2%
Obese (30+) 5,682 15.7% 236,753 31.7%
Missing 1,990 (5.2%) 78,480 (9.5%)

BI-RADS, Breast Imaging Reporting and Data System.

a - T .
Percentages are among non-missing; percent missing is shown in parentheses.

Comparing the distribution of the risk characteristic among women undergoing ultrasound screening vs. mammography screening, from a logistic
regression model using generalized estimating equation with an independent correlation structure to account for multiple exams per woman.

c - N -
All race/ethnicity groups except Hispanic are non-Hispanic.
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Table 2.

Exam-level demographic and risk characteristics for women with dense breasts undergoing ultrasound
screening exams or mammography screening alone at 32 breast imaging facilities participating in the Vermont,
San Francisco and Chicago Breast Cancer Surveillance Consortium registries, 2014—2020.

Ultrasound Screening

(N=35,616 exams) Mammography Screening Alone (N=342,343 exams)

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

n 0% n %2  P-value®
Age, years <0.0001
<40 839 2.4% 5,285 1.5%
40-49 12,887 36.2% 110,495 32.3%
50-59 11,696 32.8% 112,881 33.0%
60-69 7,103 19.9% 75,861 22.2%
70+ 3,091 8.7% 37,821 11.0%
Race/ethnicity® <0.0001
Asian 2,453 7.1% 66,012 20.1%
Black 2,843 8.2% 28,817 8.8%
Hispanic 3,823 11.0% 22,493 6.8%
White 24,855 71.8% 204,319 62.2%
Other/Multiple 626 1.8% 6,810 2.1%
Unknown 1,016 (2.9%) 13,892 (4.1%)
Menopausal status <0.0001
Premenopausal 17,489 49.1% 146,709 42.9%
Postmenopausal 18,127 50.9% 195,634 57.1%
BI-RADS breast density <0.0001
Heterogeneously dense 29,119 81.8% 294,442 86.0%
Extremely dense 6,497 18.2% 47,901 14.0%
First degree family history of breast cancer <0.0001
No 27,871 78.5% 280,834 83.2%
Yes 7,646 21.5% 56,846 16.8%
Unknown 99 (0.3%) 4,663 (1.4%)
History of benign breast disease <0.0001
None 26,866 75.4% 266,371 77.8%
Prior biopsy, diagnosis unknown 4513 12.7% 43,391 12.7%
Non-proliferative lesion 2,922 8.2% 21,937 6.4%
Proliferative changes without atypia 968 2.7% 8,494 2.5%
Proliferative changes with atypia 296 0.8% 1,794 0.5%
Lobular carcinoma in situ 51 0.1% 356 0.1%
Body Mass Index (kg/m?) 0.07
Underweight (<18.5) 854 2.5% 7,986 2.6%
Normal (18.5-<25) 18,636 54.8% 165,914 54.0%
Overweight (25-<30) 9,457 27.8% 85,831 28.0%
Obese (30+) 5,076 14.9% 47,257 15.4%
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Ultrasound Screening

(N=35,616 exams) Mammography Screening Alone (N=342,343 exams)

n %2 n %@  P-value®

Missing 1,593 (4.5%) 35,355 (10.3%)

BI-RADS, Breast Imaging Reporting and Data System.
a . T .
Percentages are among non-missing; percent missing is shown in parentheses.

Comparing the distribution of the risk characteristic among women undergoing ultrasound screening vs. mammography screening, from a logistic
regression model using generalized estimating equation with an independent correlation structure to account for multiple exams per woman.

c - N -
All race/ethnicity groups except Hispanic are non-Hispanic.
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