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Abstract

Purpose: Digital breast tomosynthesis (DBT) has demonstrated improved cancer detection compared with
digital mammography (DM) in women aged 50-74, identifying more invasive cancers and detecting tumors
at smaller sizes. However, its benefits for women aged 75 and older remain unclear.

Methods: We conducted a SEER-Medicare retrospective cohort study of women aged =67 diagnosed with
screen-detected ER+/HER2- breast cancer from 2015-2021. The primary exposure was screening modality
(DBT vs. DM). Outcomes included tumor size, nodal involvement, grade, and histology (invasive lobular
carcinoma [ILC] vs. non-ILC). Multivariable logistic regression was used to assess the association between
screening modality and tumor characteristics among women aged 67-74 and =75.

Results: Among 17,201 women with screen-detected breast cancer, 43.6% were =75 at diagnosis and
60.4% were detected by DBT. In women aged 67-74, DBT was associated with higher odds of smaller
tumors (adjusted odds ratio [aOR]=1.18, 95% confidence interval [CI]=1.08-1.29), grade | vs. Il or lll disease
(aOR=1.14, CI=1.04-1.26), node-negative disease (aOR=1.15, CI=1.00-1.31), and ILC histology (aOR=1.29,
Cl=1.13-1.48) vs. DM. In contrast, among women aged =75, DBT remained associated with higher odds of
grade | tumors (aOR=1.21, CI=1.08-1.35) and node-negative disease (aOR=1.18, CI=1.00-1.39), but was not
significantly associated with smaller tumor size (aOR=0.99, CI=0.90-1.10) or ILC histology (aOR=1.13,
Cl=0.98-1.32).

Conclusions: DBT was associated with favorable tumor biology, including lower grade and node-negative
disease in women =75, but not with smaller tumor size or ILC histology. The incremental advantage of DBT
over DM may diminish with age, making the two modalities more comparable in women =75.

Introduction

Breast cancer screening is critical for the early detection of breast cancer, which can reduce mortality by
identifying cancers at earlier, more treatable stages. Currently, biennial screening mammography is
recommended for women aged 40-74 by the U.S. Preventive Services Task Force.[1, 2] Digital breast
tomosynthesis (DBT), introduced in 2011, has become increasingly adopted as a tool for breast cancer
screening.[3] Compared to digital mammography (DM), DBT has been associated with increased invasive
cancer detection and detection of smaller tumors in some randomized trials and observational studies,
although findings have been inconsistent across populations and study designs.[4-8]

Despite this evidence, the effectiveness of DBT in women 75 and older remains understudied, as they are
often excluded from clinical trials due to their age.[2] In this population, the benefit of DBT may be reduced
by lower breast density, a greater proportion of indolent tumors, and higher competing mortality.[9-12]
Nonetheless, some benefits of screening may still extend to this population: in our prior study of women
diagnosed with breast cancer by screening, women 75 and older with at least one screening before
diagnosis had better breast cancer-specific survival than those without.[13]
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In this retrospective cohort study, we aimed to evaluate whether screening modality at breast cancer
detection (DBT vs. DM) is associated with more favorable tumor characteristics in women older than 75.
We hypothesized that DBT is more likely to detect tumors at an earlier stage, including smaller tumor size
and absence of nodal involvement, and improves detection of mammographically occult cancers,
including lower-grade tumors and invasive lobular carcinoma (ILC) histology.

Methods
Data Source

Data were obtained from the Surveillance, Epidemiology, and End Results (SEER)-Medicare data.[14] These
linked data provide patient demographics, cancer diagnoses, tumor biology, and treatment received. Data
covered January 1, 2013, to December 31, 2021.

This cohort study was determined to be exempt from review and informed consent by the Yale School of
Medicine institutional review board because SEER-Medicare data were deidentified and informed consent
was not required. We followed the Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE reporting guideline.

Cohort selection

The cohort included women diagnosed with ER+/HER2- breast cancer at age 67 or older from 2015
through 2021. All women were diagnosed at a routine screening mammogram. Breast cancers detected at
screening were distinguished from those that were symptomatic using a validated claims-based algorithm
developed by Fenton et al.[15, 16] The algorithm uses time since the last mammogram, the presence of
diagnostic Healthcare Common Procedure Coding System (HCPCS) codes, and presence of ICD-9/10
diagnostic codes for breast symptoms to distinguish diagnostic from screening mammograms (eMethods
1).[17] Women were required to maintain continuous enrollment in Medicare Part A and B fee-for-service
coverage from two years prior to diagnosis through one year after. Women with missing information on
disease characteristics or sociodemographic factors were excluded. (Fig. 1).

Exposure

The primary exposure was screening modality at breast cancer detection, classified as DBT or DM,
identified using the billing codes present on the claim (eTable 1).

Outcomes

The primary outcomes included tumor size, nodal involvement, grade, and histology at diagnosis. Tumor
size was categorized in 10-mm intervals to reflect clinically meaningful survival differences.[18, 19]
Tumors =51mm were collapsed into one category, as prognostic differences above this size are minimal.
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Nodal involvement was classified as NO versus N1+ to distinguish local from regional disease. Tumor
grade was dichotomized into grade | versus grade Il or Il to reflect distinctions between well-differentiated
(low-grade) and moderately to poorly differentiated (high-grade) tumors. Histology was categorized as ILC
versus other histology, including invasive ductal carcinoma (IDC) and mixed ductal and lobular carcinoma.
This classification was chosen because ILC histology can be difficult to detect with DM due to its diffuse
growth pattern and lack of calcifications.[20-23]

Covariates

All demographic, socioeconomic, tumor, and treatment-related factors were collected at diagnosis.
Demographic factors included age, race and ethnicity, and marital status. Race and ethnicity were
obtained from Medicare data, which is based on self-report.[24]

Indicators of social and economic vulnerability were measured at the individual and area level. Medicare
and Medicaid dual eligibility for at least one month in the year before cancer diagnosis was included as an
individual-level socioeconomic indicator. Area-level socioeconomic variables were measured at the
census tract or zip-code level. Area-level variables included percentage of residents of Black race,
percentage of residents residing in an urban area, and median household income. Year of diagnosis was
included to control for temporal trends in the adoption of DBT and tumor characteristics.

Clinical factors included frailty and number of comorbidities. Frailty was measured using claims during the
year preceding diagnosis using the Kim claims-based frailty index.[25] The number of comorbidities
present at diagnosis was measured in the 2 years preceding diagnosis using the Elixhauser comorbidity
index.[26]

Indicators of healthcare utilization included a previous screening mammogram, any visit with a primary
care physician (PCP), receipt of a flu shot, and an Annual Wellness Visit (AWV) in the two years before
breast cancer diagnosis (eTable 1).[13, 27, 28]

Statistical Analysis

The study aimed to assess the extent to which DBT was associated with favorable disease characteristics
in women aged 75 and older, a group not universally recommended for screening and excluded from
pivotal DBT trials.[2, 6, 7] To allow for age-specific comparisons, all analyses were conducted separately
for women aged =75 and those aged 67-74. Bivariate logistic regression was used to identify factors
associated with screening modality at detection and tumor characteristics. Multivariable logistic
regression, adjusted for confounders identified in bivariate analyses, was used to assess an association
between screening modality and tumor characteristics. Ordinal logistic regression was used for the tumor
size outcome; we used the largest tumor size category (=51mm) as the reference group, such that higher
odds ratios indicated greater detection of smaller tumors.

All multivariable models were adjusted for sociodemographic characteristics, health care engagement,
clinical characteristics, and year of diagnosis. Additionally, each model was adjusted for tumor
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characteristics (tumor size, grade, histology, and nodal status), excluding the characteristic that was the
outcome in that model (e.g., models with tumor size as the outcome were adjusted for grade, histology,
and nodal status but not tumor size).

Because screening modality is not randomly assigned, we additionally prespecified an analysis to
characterize factors associated with receipt of DBT and to assess whether selection into screening
modality differed by age group, in order to inform interpretation of the primary associations between
screening modality and tumor characteristics

The level of significance was set at P<0.05 and hypothesis tests were two-sided. Collinearity was
assessed using a variance inflation factor (VIF)>10; no covariates ended up being excluded for collinearity.
The proportional odds assumption of the ordinal logistic regression was tested using the Brant test, which
assesses whether the effect of the independent variables is consistent across all pairs of tumor size
categories.

Sensitivity Analyses

We conducted a sensitivity analysis to examine whether age-specific differences were driven by model
overadjustment rather than true differences in the associations between screening modality and tumor
characteristics. Because tumor size, grade, histology, and nodal status are related features, adjusting for
the other three tumor characteristics in each main model may introduce overadjustment or collider bias.
To address this, the sensitivity models retained the same sociodemographic, clinical, and health care
engagement covariates but omitted all tumor-related covariates, which allows us to estimate the total
association between screening modality and each tumor characteristic.

Data were analyzed from March 1, 2024, to September 18, 2024. All analyses were conducted using SAS®
version 9.4 (SAS Institute Inc., Cary, NC, USA) and Rstudio version 2023.06.1.

Results

Cohort Description & Trend in Use of Digital Breast Tomosynthesis

A total of 17,201 women aged 67 years and older with screen-detected breast cancer were included
(Figure 1). Of these, 9,697 (56.4%) were aged 67-74 years and 7,504 (43.6%) were aged 75 years or older
at diagnosis (Table 1). More than half of breast cancers were detected with DBT, including 6,024 (62.1%)
among women aged 67-74 and 4,363 (58.1%) among those aged 75 and older (Table 1). In both age
groups, the proportion of breast cancers diagnosed with DBT increased between 2015 and 2021, rising
from 26.5% to 87.4% in women aged 67-74 and from 22.7% to 87.3% in women 75 and older.

Tumor characteristics were similar across age groups: a larger proportion of women had ILC compared
with IDC or mixed histology (15.0% in 67-74 vs. 16.0% in =75), tumors <20 mm (80.4% vs. 78.2%), Grade I
or higher tumors (64.4% vs. 64.4%), and no nodal involvement (84.6% vs. 86.3%).
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Association Between Screening Modalities and Tumor Characteristics

Tumor Size

Among women aged 67-74, DBT-detected tumors were more likely <20 mm (81.6% vs 78.3%; p<0.05). After
adjusting for tumor grade, nodal involvement, histology, sociodemographic characteristics, health care
engagement, clinical status, and year of diagnosis, DBT was associated with 18% higher odds of detecting
smaller tumors (aOR=1.18, 95% Cl=1.08-1.29).

Among women aged =75, 79.9% of DBT-detected tumors were <20 mm compared with 75.8% detected
with DM (p<0.05). In the adjusted model, there was no significant association between DBT and tumor size
(aOR=0.99, CI=0.90-1.10) (Figure 2A).

Nodal involvement

Among women aged 67-74, 85.8% of DBT-detected tumors were node-negative compared with 82.5%
detected with DM (p<0.05). After adjustment, DBT was associated with 15% higher odds of node-negative
disease (aOR=1.15, CI=1.00-1.31).

Among women aged =75, 87.9% of DBT-detected tumors were node-negative compared with 84.2% with
DM (p<0.05). In adjusted analyses, DBT was associated with 18% higher odds of node-negative disease
(aOR=1.18, C=1.00-1.39) (Figure 2B).

Tumor grade

Among women aged 67-74, 36.4% of DBT-detected tumors were Grade | versus 34.4% detected with DM
(p<0.05). Adjusted analyses showed DBT was associated with 14% higher odds of detecting Grade |
tumors (aOR=1.14, CI=1.04-1.26).

Among women aged =75, 37.3% of DBT-detected tumors were Grade | versus 33.2% detected with DM
(p<0.05). After adjustment, DBT was associated with 21% higher odds of Grade | tumors (aOR=1.21,
Cl=1.08-1.35) (Figure 2C).

Histology.

Among women aged 67-74, 15.9% of DBT-detected tumors were ILC compared with 13.5% detected with
DM (p<0.05). In the adjusted model, DBT was associated with 28% higher odds of ILC histology (aOR=1.29,
Cl=1.13-1.48).

Among women aged =75, 16.7% of DBT-detected tumors were ILC compared with 15.0% detected with DM
(p<0.05). After adjustment, the association was not statistically significant (aOR=1.13, Cl=0.98-1.32)
(Figure 2D).

Receipt of DBT vs DM
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To understand whether selection into screening modalities varied by age, we compared associations
between patient and system-level factors and the likelihood of receiving DBT within each age group
(Figure 3).

Indicators of social disadvantage showed slightly stronger inverse associations with DBT use among
women =75 than among those 67-74. Among women 67-74, dual eligibility for Medicare and Medicaid was
associated with 46% lower odds of DBT use (aOR=0.54, 95% Cl=0.46-0.64), compared with 58% lower
odds in women =75 (aOR=0.42, CI=0.35-0.52). Residence in the highest-income area (=$110k/year) was
associated with higher DBT use in both groups, with a slightly stronger association among women =75
(aOR=1.24, CI=1.02-1.50) than in those 67-74 (aOR=1.14, CI=0.96-1.36). However, urban residence was
more strongly associated with DBT use in women 67-74 (aOR=1.34, Cl=1.17-1.54) compared with women
>75 (aOR=1.21, CI=1.03-1.43).

Health care engagement prior to diagnosis was associated with DBT use in both age groups, with
generally stronger associations among women aged =75. Among women aged 67-74, both a primary care
visit (aOR=1.07, 95% CI=0.93-1.23) and receipt of an influenza vaccination (aOR=1.08, 95% CI=0.98-1.19)
were modestly associated with higher DBT use. In contrast, among women aged =75, these associations
were larger for both a primary care visit (aOR=1.27, 95% CI=1.06-1.52) and influenza vaccination
(aOR=1.27,95% CI=1.13-1.43).

Sensitivity Analyses

Models Without Adjustment for Other Tumor Characteristics

In the sensitivity analysis removing adjustment for the other tumor characteristics, associations between
DBT and tumor features were consistent in direction with the main findings but modestly stronger in
magnitude (eFigure 1). For tumor size, estimates increased slightly from 1.18 to 1.22 (95% Cl=1.12-1.33)
in women aged 67-74 and from essentially null to 1.08 (C1=0.98-1.19) in women aged >75. For nodal
status, estimates rose from 1.15to 1.21 (CI=1.06-1.37) in the 67-74 cohort and from 1.18 to 1.26 (CI=1.08-
1.47) in the =75 cohort. For tumor grade, the increases were modest (aOR in 67-74: 1.14t0 1.18; =75: 1.21
to 1.23). Estimates for lobular histology showed minimal change, with slight attenuation in women aged
67-74 and no association in women aged >75.

Discussion

In this study of older women with screen-detected breast cancer, we examined whether DBT was
associated with more favorable tumor characteristics compared to DM and whether this differed by age at
cancer detection. Findings for tumor grade and nodal status were generally consistent across women
aged 67-74 and =75 years. In both cohorts, DBT was significantly associated with increased odds of
detecting low-grade tumors (14% for ages 67-74; 21% for ages =75) and node-negative disease (15% and
18%, respectively). However, in the adjusted models, DBT was significantly associated with smaller tumors
(18% higher odds) and ILC histology (28% higher odds) only in women aged 67-74, with no significant
association in those aged =75. These results suggest that for women aged =75, DBT may improve
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detection of biologically favorable tumors, but its benefit in detecting invasive breast cancer at a smaller
tumor size may be limited above the routine use of DM.

Our finding of higher detection of node-negative disease with DBT compared to DM among women aged
>75 aligns with prior research showing that DBT identified more stage | breast cancers in this age group.
However, unlike our study, prior work reported a marginally higher rate of invasive tumors < 2 cm among
women aged =75 screened with DBT compared to DM, while finding no significant difference in
biologically favorable disease, defined by lower grade and positive hormone receptor status.[29] This
discrepancy in findings regarding tumor size and grade may be driven by differences in study period and
sample composition. Specifically, the prior study used SEER-Medicare data limited to 2015 while our study
spanned from 2015 to 2021, a period during which DBT use expanded rapidly. Consequently, our analysis
likely captured a more diverse population regarding access, health status, and provider practices.

To contextualize these findings, we examined differential DBT uptake between age groups. In general,
indicators of socioeconomic disadvantage and lower healthcare engagement were associated with lower
odds of DBT receipt, and these inverse associations were slightly stronger in women aged =75 than in
those aged 67-74. This indicates that access to DBT may be more limited to those who are healthier and
more engaged with care in women aged =75, and adjustment of these factors may have attenuated the
association.

Sensitivity analyses confirmed that age-specific differences were not driven by model overadjustment.
When removing adjustment for other tumor characteristics, associations between DBT and each tumor
feature became uniformly stronger. This pattern is expected because the tumor features we studied are
positively correlated with one another and adjusting for one favorable feature attenuates the benefit of
DBT on the others. Importantly, the pattern of findings across age groups remained unchanged: the
associations were generally stronger for DBT in women aged 67-74 compared with those aged =75, and
DBT's associations with tumor size and histologic subtype continued to be insignificant in women aged
>75.

Our study also found increased ILC detection with DBT in women aged 67-74. ILCs are often more difficult
to detect with traditional DM due to their diffuse growth patterns and absence of calcifications, which may
be more readily visualized with DBT.[20, 30, 31] A prior study from the Breast Cancer Surveillance
Consortium reported a 50% higher relative risk of detecting ILC histology with DBT.[20] Our findings
confirm this association in an older population using SEER-Medicare data. It underscores DBT's potential
to improve detection of challenging tumor subtypes like ILC in older women.

While DBT may improve the detection of certain tumor subtypes, the null finding on tumor size raises
concerns about overdiagnosis in women aged 75 and older. In this age group, DBT's association with
lower-grade and node negative tumors but not increased detection of smaller tumors suggests that DBT
may identify more indolent cancers. This can lead to overtreatment, including surgery, radiotherapy, or
systemic therapy for cancers that may not impact a woman'’s life expectancy.[32, 33] This poses additional
risks for older women, and they should be carefully weighed against potential benefits.
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Limitations

Our study has some limitations. First, we only included women with screen-detected breast cancer rather
than all women receiving mammograms, which means we compare the relative distribution of tumor
characteristics conditional on a cancer diagnosis. Therefore, we are unable to assess the absolute
detection rates or stage distribution across all mammograms. However, our findings remain informative
on whether DBT facilitates a shift in the tumor characteristics compared to DM. This approach still allows
us to evaluate whether DBT is more likely to detect cancers at an earlier point in their progression and to
identify biologically favorable tumors that are typically harder to detect. Second, we were unable to fully
account for the effect that factors such as breast density may have on the effectiveness of DBT, as this
data is not available in the SEER-Medicare dataset.[14] However, we controlled for demographic,
biological, and social factors that may confound the association between screening history and stage and
mortality. Lastly, as a retrospective cohort study, our analysis is subject to residual confounding due to
unmeasured differences between women receiving DBT and those receiving DM. Women undergoing DBT
may have been at lower risk of advanced breast cancer, which could have influenced our findings. Lastly,
DM versus DBT as the primary screening modality may have been influenced by provider choice based on
factors not measurable in claims.

Conclusions

Our findings suggest that DBT may offer potential benefits as a routine screening tool for detecting lower-
grade and node negative tumors in women aged 75 and older. However, its effectiveness for identifying
earlier-stage disease may be more limited in this age group compared with younger women. These results
underscore the need for further research to evaluate whether the detection of more favorable tumor
subtypes translates into meaningful clinical outcomes in this age group.

Declarations

Funding Information: Research reported in this publication was supported by grant PASD-RSG-23-
1155786-01 from the American Cancer Society. The funding source 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; or decision to submit the manuscript for publication.

Competing Interests: Dr Lustberg reported receiving personal fees from Novartis, Gilead, AstraZeneca,
Daiichi-Sanko, Menarini, and Lilly and grants from Pfizer outside the submitted work. Dr Lewin reported
receiving personal fees from Novian Health outside the submitted work. Dr Dinan reported receiving
grants from the National Cancer Institute (NCI) and American Cancer Society (ACS). No other disclosures
were reported.

Ethical Approval: This cohort study was determined to be exempt from review and informed consent by
the Yale School of Medicine institutional review board because SEER-Medicare data were deidentified and
informed consent was not required. We followed the STROBE reporting guideline.

Page 10/22



Consent to Participate: Informed consent was waived by the Yale School of Medicine institutional review
board due to the use of deidentified data.

Consent to Publish: Not applicable.

Data Sharing Statement: Data analyzed during the study were provided by a third party. Requests for data
should be directed to the provider indicated in the Acknowledgements.

Data analyzed in this study were obtained from the SEER-Medicare linked database (National Cancer
Institute and Centers for Medicare & Medicaid Services) and are proprietary under the SEER-Medicare
Data Use Agreement; individual deidentified participant data, derived analytic datasets, and data
dictionaries cannot be publicly shared by the authors. No additional related documents beyond those
included in the manuscript and online supplementary materials will be made available. Access to the
underlying data is available on an ongoing basis to qualified investigators through application to the
SEER-Medicare program, subject to review, data use agreements, and associated fees; approved users
may access the data only for the purposes and time period specified in their agreement, and reuse is
restricted by the provider’s policies and data use terms.

Acknowledgements: The collection of the California cancer incidence data used in this study was
supported by the California Department of Public Health as part of the statewide cancer reporting
program mandated by California Health and Safety Code Section 103885; the National Cancer Institute's
Surveillance, Epidemiology and End Results Program under contract NO1-PC-35136 awarded to the
Northern California Cancer Center, contract NO1-PC-35139 awarded to the University of Southern
California, and contract NO2-PC-15105 awarded to the Public Health Institute; and the Centers for Disease
Control and Prevention's National Program of Cancer Registries, under agreement #U55/CCR921930-02
awarded to the Public Health Institute. The ideas and opinions expressed herein are those of the author(s)
and endorsement by the State of California, Department of Public Health the National Cancer Institute, and
the Centers for Disease Control and Prevention or their Contractors and Subcontractors is not intended
nor should be inferred. The authors acknowledge the efforts of the Applied Research Program, NCI; the
Office of Research, Development and Information, CMS; Information Management Services (IMS), Inc.; and
the Surveillance, Epidemiology, and End Results (SEER) Program tumor registries in the creation of the
SEER-Medicare database. The interpretation and reporting of the SEER-Medicare data are the sole
responsibility of the authors.

Author Contributions: Conceptualization, Methodology: Sida Huang, Michaela A. Dinan, Timothy J.
Robinson. Data Curation: Sida Huang, Sarah J. Westvold, Pamela R. Soulos. Formal Analysis: Sida Huang,
Sarah J. Westvold. Writing — Original Draft: Sida Huang. Writing — Review and Editing: All Authors.

References

1. Niraula S, Biswanger N, Hu P, Lambert P, Decker K (2020) Incidence, Characteristics, and Outcomes of
Interval Breast Cancers Compared With Screening-Detected Breast Cancers. JAMA Netw Open

3(9):e2018179. 10.1001/jamanetworkopen.2020.18179
Page 11/22



10.

11.

12.

13.

. Force USPST, Nicholson WK, Silverstein M, Wong JB, Barry MJ, Chelmow D et al (2024) Screening for

Breast Cancer: US Preventive Services Task Force Recommendation Statement. JAMA 331(22):1918-
1930. 10.1001/jama.2024.5534

. Gao Y, Moy L, Heller SL (2021) Digital Breast Tomosynthesis: Update on Technology, Evidence, and

Clinical Practice. Radiographics 41(2):321-337. 10.1148/rg.2021200101

. Conant EF, Beaber EF, Sprague BL, Herschorn SD, Weaver DL, Onega T et al (2016) Breast cancer

screening using tomosynthesis in combination with digital mammography compared to digital
mammography alone: a cohort study within the PROSPR consortium. Breast Cancer Res Treat
156(1):109-116. 10.1007/s10549-016-3695-1

. Sprague BL, Coley RY, Kerlikowske K, Rauscher GH, Henderson LM, Onega T et al (2020) Assessment

of Radiologist Performance in Breast Cancer Screening Using Digital Breast Tomosynthesis vs Digital
Mammography. JAMA Netw Open 3(3):€201759. 10.1001/jamanetworkopen.2020.1759

. Armaroli P, Frigerio A, Correale L, Ponti A, Artuso F, Casella D et al (2022) A randomised controlled trial

of digital breast tomosynthesis vs digital mammography as primary screening tests: Screening
results over subsequent episodes of the Proteus Donna study. Int J Cancer 151(10):1778-1790.
10.1002/ijc.34161

. Heindel W, Weigel S, Gerss J, Hense HW, Sommer A, Krischke M et al (2022) Digital breast

tomosynthesis plus synthesised mammography versus digital screening mammography for the
detection of invasive breast cancer (TOSYMA): a multicentre, open-label, randomised, controlled,
superiority trial. Lancet Oncol 23(5):601-611. 10.1016/S1470-2045(22)00194-2

. Regen-Tuero HC, Ram S, Gass JS, Lourenco AP (2022) Community-Based Breast Cancer Screening

Using Digital Breast Tomosynthesis Versus Digital Mammography: Comparison of Screening
Performance and Tumor Characteristics. AJR Am J Roentgenol 218(2):249-257.
10.2214/AJR.21.26384

. Burton A, Maskarinec G, Perez-Gomez B, Vachon C, Miao H, Lajous M et al (2017) Mammographic

density and ageing: A collaborative pooled analysis of cross-sectional data from 22 countries
worldwide. PLoS Med 14(6):e1002335. 10.1371/journal.pmed.1002335

Mandelblatt JS, Cronin KA, Bailey S, Berry DA, de Koning HJ, Draisma G et al (2009) Effects of
mammography screening under different screening schedules: model estimates of potential benefits
and harms. Ann Intern Med 151(10):738-747. 10.7326/0003-4819-151-10-200911170-00010

Osteras BH, Martinsen ACT, Gullien R, Skaane P (2019) Digital Mammography versus Breast
Tomosynthesis: Impact of Breast Density on Diagnostic Performance in Population-based Screening.
Radiology 293(1):60-68. 10.1148/radiol.2019190425

Richman IB, Long JB, Soulos PR, Wang SY, Gross CP (2023) Estimating Breast Cancer Overdiagnosis
After Screening Mammography Among Older Women in the United States. Ann Intern Med
176(9):1172-1180. 10.7326/M23-0133

Huang S, Westvold SJ, Soulos PR, Fan J, Winer EP, Zhan H et al (2025) Screening History, Stage at
Diagnosis, and Mortality in Screen-Detected Breast Cancer. JAMA Netw Open 8(4):e255322-e.
10.1001/jamanetworkopen.2025.5322

Page 12/22



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Warren JL, Klabunde CN, Schrag D, Bach PB, Riley GF (2002) Overview of the SEER-Medicare data:
content, research applications, and generalizability to the United States elderly population. Med Care
40(8 Suppl):IV-3.10.1097/01.MLR.0000020942.47004.03

Fenton JJ, Onega T, Zhu W, Balch S, Smith-Bindman R, Henderson L et al (2016) Validation of a
Medicare Claims-based Algorithm for Identifying Breast Cancers Detected at Screening
Mammography. Med Care 54(3):e15-22. 10.1097/MLR.0b013e3182a303d7

Fenton JJ, Zhu W, Balch S, Smith-Bindman R, Fishman P, Hubbard RA (2014) Distinguishing screening
from diagnostic mammograms using Medicare claims data. Med Care 52(7):e44-51.
10.1097/MLR.0b013e318269e0f5

Huang S, Westvold SJ, Soulos PR, Fan J, Winer EP, Zhan H et al (2025) Screening History, Stage at
Diagnosis, and Mortality in Screen-Detected Breast Cancer. JAMA Netw Open 8(4):e255322.
10.1001/jamanetworkopen.2025.5322

Sopik V, Narod SA (2018) The relationship between tumour size, nodal status and distant metastases:
on the origins of breast cancer. Breast Cancer Res Treat 170(3):647-656. 10.1007/s10549-018-4796-
9

Zheng YZ, Wang L, Hu X, Shao ZM (2015) Effect of tumor size on breast cancer-specific survival
stratified by joint hormone receptor status in a SEER population-based study. Oncotarget
6(26):22985-22995. 10.18632/0oncotarget.3945

Onega T, Abraham L, Miglioretti DL, Lee Cl, Henderson LM, Kerlikowske K et al (2023) Digital
mammography and digital breast tomosynthesis for detecting invasive lobular and ductal carcinoma.
Breast Cancer Res Treat 202(3):505-514. 10.1007/s10549-023-07051-6

Mouabbi JA, Hassan A, Lim B, Hortobagyi GN, Tripathy D, Layman RM (2022) Invasive lobular
carcinoma: an understudied emergent subtype of breast cancer. Breast Cancer Res Treat 193(2):253—
264.10.1007/s10549-022-06572-w

Porter AJ, Evans EB, Foxcroft LM, Simpson PT, Lakhani SR (2014) Mammographic and ultrasound
features of invasive lobular carcinoma of the breast. J Med Imaging Radiat Oncol 58(1):1-10.
10.1111/1754-9485.12080

Romanucci G, Zantedeschi L, Ventriglia A, Mercogliano S, Bisighin MV, Cugola L et al (2021) Lobular
Breast Cancer Conspicuity on Digital Breast Tomosynthesis Compared to Synthesized 2D
Mammography: A Multireader Study. J Imaging 7(9). 10.3390/jimaging7090185

Jarrin OF, Nyandege AN, Grafova IB, Dong X, Lin H (2020) Validity of Race and Ethnicity Codes in
Medicare Administrative Data Compared With Gold-standard Self-reported Race Collected During
Routine Home Health Care Visits. Med Care 58(1):e1-€8. 10.1097/MLR.0000000000001216

Kim DH, Schneeweiss S, Glynn RJ, Lipsitz LA, Rockwood K, Avorn J (2018) Measuring Frailty in
Medicare Data: Development and Validation of a Claims-Based Frailty Index. J Gerontol Biol Sci Med
Sci 73(7):980-987. 10.1093/gerona/glx229

Elixhauser A, Steiner C, Harris DR, Coffey RM (1998) Comorbidity measures for use with
administrative data. Med Care 36(1):8-27. 10.1097/00005650-199801000-00004

Page 13/22



27. Sutradhar R, Gu S, Glazier RH, Paszat LF, investigators of the Ontario Cancer Screening Research N
(2016) The association between visiting a primary care provider and uptake of periodic mammograms
as women get older. J Med Screen 23(2):83-88. 10.1177/0969141315600004

28. Oancea SC, Watson IW (2019) The association between history of screening for cancer and receipt of
an annual flu vaccination: Are there reinforcing effects of prevention seeking? Am J Infect Control
47(11):1309-1313. 10.1016/j.ajic.2019.05.009

29. Upneja A, Long JB, Aminawung JA, Kyanko KA, Kunst N, Xu X et al (2022) Comparative Effectiveness
of Digital Breast Tomosynthesis and Mammography in Older Women. J Gen Intern Med 37(8):1870-
1876.10.1007/s11606-021-07132-6

30. Menezes GL, van den Bosch MA, Postma EL, El Sharouni MA, Verkooijen HM, van Diest PJ et al (2013)
Invasive ductolobular carcinoma of the breast: spectrum of mammographic, ultrasound and magnetic
resonance imaging findings correlated with proportion of the lobular component. Springerplus 2:621.
10.1186/2193-1801-2-621

31. Grubstein A, Rapson Y, Morgenstern S, Gadiel I, Haboosheh A, Yerushalmi R et al (2016) Invasive
Lobular Carcinoma of the Breast: Appearance on Digital Breast Tomosynthesis. Breast Care (Basel)
11(5):359-362. 10.1159/000450868

32. Evans A, Vinnicombe S (2017) Overdiagnosis in breast imaging. Breast 31:270-273.
10.1016/j.breast.2016.10.011

33. Mack DS, Lapane KL (2019) Screening Mammography Among Older Women: A Review of United
States Guidelines and Potential Harms. J Womens Health (Larchmt) 28(6):820-826.
10.1089/jwh.2018.6992

Table 1

Table 1. Baseline characteristics of the 67-74 and 75+ cohorts and percent of each cohort with digital
breast tomosynthesis (DBT)
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Tumor Size (mm)

0to10
11to 20
211030
3110 40
41 to 50
51+

T Stage
1

2
3
4
N Stage
0

1]
Histology
Ductal
Lobular

Mixed

Women Aged 67-74

Overall
Cohort

N=9,697
(56.4%)

3885 (40.1)
3909 (40.3)
1165 (12)
358 (3.7)
141 (1.5)
239 (2.5)

7783 (80.3)
1637 (16.9)
221 (2.3)
56 (0.6)

8202 (84.6)
1234 (12.7)
173 (1.8)
88 (0.9)

3457 (35.7)
5194 (53.6)
1046 (10.8)

7667 (79.1)
1454 (15.0)
576 (5.9)

With DBT
at
Detection

N=6,024
(62.1%)

2526 (41.9)
2392 (39.7)
669 (11.1)
203 (3.4)
86 (1.4)
148 (2.5)

4909 (81.5)
941 (15.6)
140 (2.3)
34 (0.6)

5171 (85.8)
714 (11.9)
86 (1.4)

53 (0.9)

2192 (36.4)
3223 (53.5)
609 (10.1)

4741 (78.7)
959 (15.9)
324 (5.4)

P-value*

<0.001

<0.001

<0.001

0.010

<0.001

Page 15/22

Women Aged =75

Overall
Cohort

N=7,504
(43.6%)

2932 (39.1)
2934 (39.1)
968 (12.9)

4.5)
1.6)
2.8)

(
338 (4.
121 (
211 (
5855 (78)
1402 (18.7)
191 (2.5)
56 (0.7)

6478 (86.3)
845 (11.3)
115 (1.5)
66 (0.9)

2671 (35.6)
4065 (54.2)
768 (10.2)

5916 (78.8)
1199 (16.0)
389 (5.2)

With DBT
at
Detection

N=4,363
(58.1%)

1774 (40.7)
1712 (39.2)
524 (12.0)
176 (4.0)
68 (1.6)
109 (2.5)

3484 (79.9)
754 (17.3)
103 (2.4)
22 (0.5)

3833 (87.9)
442 (10.1)
54 (1.2)
34(0.8)

1628 (37.3)
2344 (53.7)
391 (9.0)

3426 (78.5)
728 (16.7)
209 (4.8)

P-value*

<0.001

<0.001

<0.001

<0.001

0.039



AJCC Stage

I

Il

1]

v

Age at diagnosis
67-69

70-74

75-79

80-84

85+

Race and ethnicity

Non-Hispanic
White

Non-Hispanic Black
Asian

Hispanic
Other/Unknown
Marital status
Single/Unmarried
Married

Missing

Medicare/Medicaid
dual eligible

No
Yes

Area-level median
income

<$60k/yr
$60-<$110k/yr
$110k/yr+

8330 (85.9)
1073 (11.1)
225 (2.3)
69 (0.7)

3606 (37.2)
6091 (62.8)

7840 (80.8)

577 (6)
430 (4.4)
461 (4.8)
389 (4)

3682 (38)
5634 (58.1)
381 (3.9)

8734 (90.1)
963 (9.9)

4328 (44.6)
4380 (45.2)
989 (10.2)

5395 (89.6)
477 (7.9)
116 (1.9)
36 (0.6)

2182 (36.2)
3842 (63.8)

5039 (83.6)

2186 (36.3)
3611 (59.9)
227 (3.8)

5604 (93.0)
420 (7.0)

2563 (42.5)
2798 (46.4)
663 (11.0)

<0.001

0.013

<0.001

<0.001

<0.001

<0.001
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6306 (84)
935 (12.5)
192 (2.6)
71(0.9)

4197 (55.9)
2197 (29.3)
1110 (14.8)

6318 (84.2)

448 (6)
306 (4.1)
291 (3.9)
141 (1.9)

3900 (52)
3294 (43.9)
310 (4.1)

6804 (90.7)
700 (9.3)

3345 (44.6)
3348 (44.6)
811 (10.8)

3870 (88.7)
379 (8.7)
77 (1.8)

37 (0.8)

2520 (57.8)
1283 (29.4)
560 (12.8)

3833 (87.9)

203 (4.7)
137 (3.1)
129 (3.0)
61 (1.4)

2200 (50.4)
2008 (46.0)
155 (3.6)

4125 (94.5)
238 (5.5)

1810 (41.5)
2024 (46.4)
529 (12.1)

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001



Area-Level Percent
of Black Residents

0-5%

5%-14%

>=15%

Percentage of
Residents Residing
in Urban Area
>250% in Urban
<50% in Urban
Frailty

Not Frail

Frail

Elixhauser
comorbidity index

No comorbidities
1-2 comorbidities

3 or more
comorbidities

Any prior
screening in 2
years prior to
diagnosis

Yes

No

Any PCP visit in 2
years prior to
diagnosis

Yes

No

Annual Wellness
Visit in 2 years
prior to diagnosis
Yes

No

6359 (65.6)
1889 (19.5)
1449 (14.9)

8220 (84.8)
1477 (15.2)

8351 (86.1)
1346 (13.9)

4242 (43.7)
3782 (39.0)
1673 (17.3)

5891 (60.8)
3806 (39.2)

8364 (86.3)
1333 (13.7)

4092 (42.2)
5605 (57.8)

4039 (67.0)
1152 (19.1)
833 (13.8)

5176 (85.9)
848 (14.1)

5271 (87.5)
753 (12.5)

2686 (44.6)
2362 (39.2)
976 (16.2)

3818 (63.4)
2206 (36.6)

5205 (86.4)
819 (13.6)

2756 (45.8)
3268 (54.2)

<0.001

<0.001

<0.001

0.002

<0.001

0.601

<0.001
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4825 (64.3)
1478 (19.7)
1201 (16)

6480 (86.4)
1024 (13.6)

5774 (76.9)
1730 (23.1)

2449 (32.6)
3098 (41.3)
1957 (26.1)

4569 (60.9)
2935 (39.1)

6793 (90.5)
711 (9.5)

3182 (42.4)
4322 (57.6)

2920 (66.9)
833 (19.1)
610 (14.0)

3815 (87.4)
548 (12.6)

3439 (78.8)
924 (21.2)

1435 (32.9)
1810 (41.5)
1118 (25.6)

2801 (64.2)
1562 (35.8)

3991 (91.5)
372 (8.5)

2058 (47.2)
2305 (52.8)

<0.001

0.001

<0.001

0.567

<0.001

0.001

<0.001



Flu shot in 2 years
prior to diagnosis

Yes

No

Year of diagnosis
2015

2016

2017

2018

2019

2020

2021

6243 (64.4)
3454 (35.6)

1121 (11.6)
1269 (13.1)
1332 (13.7)

1619 (16.7)

(

(

(

1432 (14.8)

(

1250 (12.9)
(

1674 (17.3)

3974 (66.0)  <0.001

2050 (34.0)
297 (4.9) <0.001
8.3

)

(
497 (8.
699 (11.6)
876 (14.5)
1147 (19.0)
1045 (17.3)

1463 (24.3)

5396 (71.9)
2108 (28.1)

935 (12.5)
1095 (14.6)
1001 (13.3)
1124 (15)
1197 (16)
903 (12)
1249 (16.6)

3259 (74.7)  <0.001

1104 (25.3)
212 (4.9) <0.001
377 (8.6)

468 (10.7)

640 (14.7)

856 (19.6)

719 (16.5)

1091 (25.0)

*P-values for unadjusted chi-square tests assessing the association between each covariate and
screening modality (DBT vs. DM) within each age group

Figures
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Females in SEER Registry diagnosed with breast cancer
between 2015 to 2021
(N=536,757 ) Excluded second primary
malignancies (N=115,798), diagnosed
at autopsy (N= 3,090),
Invasive cancers with ductal or lobular non ductal or lobular histology (N=
histology, not diagnosed at autopsy, 91,979)
first and only cancer or first of one or
more primaries
(N=325,890)

L}

Excluded non- ER+/HER2-
disease
(N=85,746 )

Y

ER+/HER2- cancer only
(N=240,144 )

Excluded missing tumor size,
T, N, Grade (N=112,183)

Mon-missing T, N, Grade
(N=127,961) Excluded women diagnosed < 67
years old without continuous FFS
coverage 2 years prior to diagnosis
through 1 year after
(N= 85,435)

L J

Women aged 67+ continuously enrolled in
Medicare Parts A and B FFS from 2 years prior to
diagnosis through 1 year after diagnosis

(N=42,526) Excluded women with only denied
claims (N=67); excluded women
with non-screen detected breast
Women with screen detected cancer (N= 23,939)

breast cancer
(N=18,520)

L J

Excluded women whose last
| mammography occurred before 2015
(N=327); excluded women with

Y missing data on tumor characteristics,
Women with last screening healthcare utilization, socioeconomic
mammography in 2015 or status, or tumor size >100 mm
later, with complete data on (N=992)

key variables, and tumor
size 2100 mm
(N=17,201)

Figure 1
Flow Diagram for Cohort Construction

Abbreviations: FFS = Fee-for Service; ER+ = Estrogen Receptor Positive; HER2- = Human Epidermal Growth
Factor Receptor 2 Negative.
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A Lower Odds of Higher Odds of B Lower Odds of Higher Odds of

Smaller Tumors Smaller Tumors No Nodal Involvement No Nedal Involvement
Tumor Size (Ref: 51+ mm) Nodal Involvement (Ref: N1+ Stage)
Cohort 67-74: 1.18 (1,08-1.29) 2 —_— Cohort 67-74: 1.15 (1.00-1.31)1 —'—
5 Cohort 275: 1.18 (1.00-1.39) ——
Cohort 275: 0.99 (0.90-1.09) R — D ( ) 5
T ; T 0.8 1 15
0.8 1 15 Adjusted Odds Ratio (95% CI)

Adjusted Odds Ratio (95% Cl)

c Lower Odds of Higher Odds of D Lower Odds of Higher Odds of
Grade | Tumors Grade | Tumors Detecting ILCs Detecting ILCs
Tumor Grade (Ref: Grade Il and IIl) 4 Histology (Ref: IDC and MDLC)+
Cohort 67-74: 1.14 (1.04-1.26) 4 P—— Cohort 67.74: 1.29 (1.13-1.48)1 —_—
Cohort 275: 1.21 (1.08-1.35) 4 ;. —— Cohort 275: 1.13 (0.98-1.32) —-—
T ; T T ; T
0.8 1 15 0.8 1 1.5
Adjusted Odds Ratio (95% Cl) Adjusted Odds Ratio (95% Cl)
Figure 2

Adjusted Associations between Tumor Characteristics and Screening Modality

Models were adjusted for demographic factors (age, race/ethnicity, marital status); socioeconomic
indicators (Medicare and Medicaid dual eligibility; area-level percentage Black residents, urbanicity,
median household income); year of diagnosis; clinical factors (claims-based frailty index, Elixhauser
comorbidities); healthcare utilization in the prior 2 years (prior screening mammogram, primary care visit,
flu vaccination, Annual Wellness Visit); and the three tumor characteristics not used as the outcome
(tumor size, nodal status, grade, histology, adjusting for the other three in each model). Abbreviations: ILC
= Invasive Lobular Carcinoma; IDC = Invasive Ductal Carcinoma; MDLC = Mixed Lobular Ductal Carcinoma;
Cl = Confidence Interval.
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A: Individual SES Factors

Among Women Aged 67-74 -

Race and Ethnicity {ref: Non-Hispanic White) -
Non-Hispanic Black: 067 (0 54.0 82)4

Asian; 0,48 (0.39-0 60)4

Hispanic: 0,53 (0.43-0 65)-

OtherUnknown: 0.70 (0.55-0.86)+
Medicare/Medicaid Dual Eligible: 0.54 (0.46-0.64) -
Among Women Aged 75+ 4

Race and Ethnicity (ref: Non-Hispanic White) -
Mon-Hispanic Black: 0.72 (0 57-0.93)<

Asian: 0.53 (0.41-0.70)4

Hispanic: 0.62 (0.47-0.82)+

Other/Unknown: 0.50 (0.34-0.73)+

Medicare/Medicaid Dual Eligible; 0,42 (0.35-0,52) 4

Lower Ddds of
DET st Dataction

Higher Odds of
DBT 8t Datection

C: Health Care Access Factors

Lower Odds of
DBT at Detection

Among Women Aged 67-74-
ARy Priot Screening within 2 years: 1,36 {1.23-1,50) 4
Any PCP visit within 2 years: 1.07 {0.93-1 23} 4

ARy AVWY within 2 years: 1.04 {0.94-1.15) 4

Any Flu shot within 2 years: 1.08 (0.98-1.19)

Amaong Women Aged 75+

Any Prior Screening within 2 years: 1.34 {1.20-1.49)
Any PCP visit within 2 years: 1.27 (1.06-1.52)4

Amy AWV within 2 years: 1,03 (0,82-1.15)

Any Flu shot within 2 years: 1.27 {1.13-1.43)

0.3 113
Adiusted Odds Ratio (35% C1)

Higher Odds af
DET at Detection

Figure 3

T r T
o8 1 15
Adjusted Odds Ratio (95% CI)

B: Area-level SES Factors LowerOddsof  Higher Odds of

DBT at Detection DBT at Detection

Amang Women Aged §7-T4<

Araa-tivel Madlan Incoma (raf; <§60kyr
S60-<5110kyT: 1.03 (0.93-1.15) .

$110kyre: 114 (0,961 368) -

Arva-Lavel Percont of Black Residents (ref: 0-3%)-

5%-14%: .82 (0.73-0.53) -
==15%: 083 [0.71-0.56)= -
Mare than 5% of Residents in Urban Area: 1.34 (1.17-1.54) .
i o o o ot
Among Women Aged TS5+

Areadevel Madlan income (ref: <§60kyri-
SEO0-<5110k4yr: 1.03 (099117 .
$110kryre: 1.24 [1.02-1.500 -

Arva-Lovel Percant of Black Residents (ref; 0-5%

5%-14%: 0,90 [0.78-1.03) L3
=1 5%: OUTT [0UE50.51 ) -
Mara than 50% of Residents in Usban Arsa: 1.21 (1.03.1.43)= -
or 1 15
Adjusted Odds Reatio (5% CI)
D: Health Status Factors
Lower Odds of  Higher Ddds of

DET st Detection DBT at Detection

Among Women Aged 67-74 4
Frail: 0.86 (0.73-1.00) -
Elixhauser comorbidity index (ref: No comorbidities) 4
1-2 comorbidities: 0.58 (0.88-1.08)+ -
3 or mone comarbidities: 0.93 (0.79-1,08)4 -
Among Women Aged 75+ -
Frail: 0.89 (0.78-1.02) -

Elixhauser comorbidity index (ref: No comorbidities) 4

1-2 comarbiditios: 0.99 (0.88-1.13)4 -
3 or more comarbidites: 1.07 (0.91-1.25)4 .
07 1 12
Adjusted Odds Ratss (95% Cl)

Adjusted Associations Between Patient Characteristics and Screening Modality

Abbreviations: SES = Socioeconomic Status; PCP = Primary Care Physician; AWV = Annual Wellness Visit;

Cl = Confidence Interval.
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