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BACKGROUND: Digital breast tomosynthesis (DBT) has
become a prevalent mode of breast cancer screening in
recent years. Although older women are commonly
screened for breast cancer, little is knownabout screening
outcomes using DBTamong older women.
OBJECTIVE: To assess proximal screening outcomes
with DBT compared to traditional two-dimensional(2-D)
mammography among women 67–74 and women 75 and
older.
DESIGN: Cohort study.
PARTICIPANTS: Medicare fee-for-service beneficiaries
aged 67 years and older with no history of prior cancer
who received a screening mammogram in 2015.
MAIN MEASURES: Use of subsequent imaging (ultra-
sound and diagnostic mammography) as an indication
of recall, breast cancer detection, and characteristics of
breast cancer at the time of diagnosis. Analyses used
weighted logistic regression to adjust for potential
confounders.
KEY RESULTS: Our study included 26,406 women aged
67–74 and 17,001 women 75 and older who were
screened for breast cancer. Among women 75 and older,
the rate of subsequent imaging among women screened
with DBT did not differ significantly from 2-D mammog-
raphy (91.8 versus 97.0 per 1,000 screening mammo-
grams, p=0.37). In this age group, DBT was associated
with 2.1 additional cancers detected per 1,000 screening
mammograms compared to 2D (11.5 versus 9.4,
p=0.003), though these additional cancers were almost
exclusively in situ and stage I invasive cancers. For wom-
en 67–74 years old, DBTwas associated with a higher rate
of subsequent imaging than 2-D mammography (113.9
versus 100.3, p=0.004) and a higher rate of stage I

invasive cancer detection (4.7 versus 3.7, p=0.002), but
not other stages.
CONCLUSIONS: Breast cancer screening with DBT was
not associated with lower rates of subsequent imaging
among older women. Most additional cancers detected
with DBTwere early stage. Whether detecting these addi-
tional early-stage cancers among older women improves
health outcomes remains uncertain.
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INTRODUCTION

Prior to 2011, two-dimensional(2-D) digital mammography
was the standard of care for breast cancer screening. In 2011,
digital breast tomosynthesis (DBT), an imaging modality that
generates 3-dimensional tomographic images of the breast,
was FDA-approved and has since been widely adopted. In
one recent study, DBT was used in over 40% of screening
examinations, and as of January 2021, nearly 75% of certified
breast imaging facilities in the USA have DBT units.1,2 Sev-
eral observational studies have demonstrated that women
screened with DBT are less likely to be called back for
additional diagnostic imaging compared to women screened
with 2-D mammography, a measure known as recall.3–7 Other
studies have shown higher cancer detection rates when DBT is
used over 2-D mammography.8–13

Some studies have examined screening outcomes using
DBT compared to 2-D mammography specifically among
older women. One recent study found that among women over
the age of 65, DBT had a lower abnormal interpretation rate, a
higher specificity, and a similar cancer detection rate com-
pared with 2-D mammography.14 A second study reported
lower recall rates with DBT among women 70 and older.15

However, neither study reported outcomes among women 75
and older. This age group is of particular interest because
mammography itself is of uncertain benefit for women over
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the age of 74. No randomized trials of mammography have
included women over 74, and a recent study found no differ-
ence in 8-year breast cancer mortality between women over 75
who received annual 2-D screening mammography and those
who did not.16 The US Preventive Services Task Force guide-
lines give screening among women 75 and older an “I” rating,
indicating that there is insufficient evidence for or against
screening.17,18 Despite the dearth of evidence for effectiveness
in older women, more than 50% of women over the age of 75
continue to receive screening mammography.16 Whether or
not to deploy DBT—a newer, more expensive technology—in
this age group is unclear.
Given ongoing uncertainty about the effectiveness of DBT

for screening among older women, the goal of this study was
to evaluate proximal screening outcomes, including subse-
quent imaging use and biopsy rates, cancer detection rates,
and characteristics of detected cancers, for older women who
were screened with 2-D mammography and DBT. Our study
focused on screening outcomes among women 75 and older
but also evaluated outcomes among women 67–74 as an
important comparison group.

METHODS

Data Source

We used data from the Surveillance, Epidemiology, and End
Results Program-Medicare linked database (SEER-Medicare).
SEER-Medicare integrates Medicare claims with data on can-
cer diagnosis for patients enrolled in the SEER registry. We
used two samples to construct the study cohort: (1) the SEER
cancer sample, which includes all Medicare beneficiaries re-
ported to SEER with a diagnosis of breast cancer through
calendar year 2015, and (2) the SEER “non-cancer” sample,
a 5% representative sample of Medicare beneficiaries living in
SEER regions who have not been diagnosed with cancer
through the end of available follow-up. We combined these
samples, weighting the non-cancer sample 20:1 to balance the
differential sampling between the cancer sample, which in-
cludes all cases, and the non-cancer sample, which is a 5%
sample. This approach constructs a representative population
of Medicare beneficiaries residing in SEER areas in 2015.19

The Yale Human Investigation Committee determined that
this study did not constitute human subjects research.
Study sample. Among women continuously enrolled in
Medicare Fee for Service parts A & B from January 1, 2013,
to December 31, 2016, we identified women aged 67 and
older who received a screening mammogram between
January 1 and December 31, 2015, the first year that DBT
was covered in the Medicare program. We excluded women
who had a history of breast cancer or other cancers prior to
screening mammography, based on either SEER data or
Medicare claims. We also excluded women with genetic
cancer syndromes and women who underwent prophylactic
mastectomy prior to mammography (eTable 1). Finally, we

excluded women whose cancer was identified by death certif-
icate or autopsy or had missing diagnosis dates within SEER.
For analyses focusing on cancer diagnosis, we included wom-
en screened between January 1, 2015, and August 31, 2015,
rather than the full calendar year. This was to allow for 4
months of follow-up in 2015 during which we could observe
cancer diagnoses after screening.

Variables. The primary predictor of interest was use of 2-D
mammography or DBT for breast cancer screening. 2-Dmam-
mography was defined as screening with film or full-field
digital mammography, with or without computer-aided detec-
tion. We identified 2-D screening mammograms using a val-
idated algorithmwhich we adapted for use with codes from the
10th revision of the International Statistical Classification of
Diseases and Related Health Problems (ICD-10)
(eMethods).20 DBT is typically performed and billed in con-
junction with 2-D mammography for women enrolled in
Medicare. Therefore, we defined screening DBT as receipt
of a 2-D screening mammogram, as defined by the algorithm,
in conjunction with a claim for screening DBT (eTable 1).
Women screened with DBT may have important clinical

and demographic differences from women screened with 2-D.
Thus, we compared patient characteristics including age, race,
eligibility for state-sponsored insurance (e.g., Medicaid pro-
grams), previous breast cancer screening history, family his-
tory of breast cancer, and comorbidities by screening type
(DBT or 2-D).21 Of note, women of Hispanic ethnicity are
included in all categories of race. Covariates were identified
from SEER data and from claims. We used data on neighbor-
hood poverty from the American Community Survey 2008–
2012 aggregated at the zip code level as a proxy for individual
income.22

We evaluated downstream testing including imaging and
biopsy after screening DBT or 2-D mammography among
women screened between January 1, 2015, and December
31, 2015. We defined “subsequent imaging” as the presence
of a claim for diagnostic mammography, with or without
DBT, or unilateral or focused breast ultrasound, conducted
in the 4 months after the index mammogram. This definition is
intended to capture women who return for follow-up imaging
after an abnormal mammogram. We considered bilateral
whole breast ultrasound to be likely screening and reported it
separately as a covariate. We also evaluated use of MRI and
biopsy after DBT and 2-D mammography, but did not include
MRI within our definition of subsequent imaging, as MRI is
often used either to screen high-risk women or to evaluate a
newly diagnosed breast cancer.
We evaluated cancer diagnoses among the subset of women

screened between January 1, 2015, and August 31, 2015. This
period was chosen to allow 4months of follow-up to assess for
the presence of a cancer diagnosis after breast cancer screen-
ing, since the most current data at the time of study included
data on cancer diagnoses only through December 31, 2015.
We defined screen-detected cancer diagnosis as any breast
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cancer diagnosis, including carcinoma in situ, within 4 months
of a screening mammogram. We evaluated stage at diagnosis
as defined by the 6th edition of the AJCC staging system and
tumor size.23 Using a previously established classification
system, we also grouped tumors into three prognostic catego-
ries: biologically favorable, intermediate, or unfavorable based
on tumor grade and hormone receptor status (eTable 2).24 For
consistency, we also assessed imaging and biopsy outcomes in
the subset of women screened between January 1, 2015, and
August 31, 2015, i.e., the subset of women for whom we were
also able to evaluate cancer diagnoses.
Lastly, we calculated positive predictive values following

subsequent imaging and biopsy, defined as the proportion of
women diagnosed with cancer from among those who
underwent subsequent imaging or biopsy after an initial
screening exam. Procedure codes used to define imaging and
testing outcomes are detailed in eTable 1.

Statistical Analysis

We stratified all analyses by two age groups, 67–74 and over
75, to assess for differences in outcomes between the younger
age group, for which data support the use of screening mam-
mography, and the older age group, where benefit is less clear.
We also stratified analyses by quarter to evaluate screening
outcomes over time. We used weighted chi-square tests to
evaluate the differences in clinical and demographic charac-
teristics between women screened with DBT and 2-D mam-
mography. We used weighted logistic regression to evaluate
the relationship between screening type and subsequent test-
ing. For cancer stage, tumor size, and biologic category, we
used weighted multinomial logistic regression to account for
multiple outcome categories. Analyses were adjusted for age,
race, Elixhauser comorbidity score, family history of breast
cancer, number of screening mammograms in 2013–2014,
dual eligibility, SEER area, and zip code-level prevalence of
poverty. We also adjusted for influenza vaccination and PCP
visits as markers of a patient’s use of preventive services and
access to care overall, which could confound their use of DBT
and use of downstream imaging. Lastly, we adjusted for use of
screening ultrasound (defined as bilateral, whole breast ultra-
sound), as it may be a marker of risk and may also affect
screening outcomes. Models used robust standard errors, clus-
tered by SEER area. We used predicted probabilities calculat-
ed at observed values to express adjusted outcomes per 1,000
women screened.

RESULTS

Our final sample included 26,406 women ages 67–74 and
17,001 women ages 75 and older whowere screened for breast
cancer during 2015, representing a weighted population size
of 754,568 (eTable 3). Overall, 79% of women received 2-D
mammography and 21% received DBT, with use of DBT
increasing over time (eFigure 1). Among women 75 and older,

DBT use was more common in wealthier zip codes (26% in
the wealthiest zip codes versus 14% in the poorest zip codes,
p<0.001) and less common among Black versus White wom-
en (14% versus 21%, respectively, p < 0.001). Women with
eligibility for state-sponsored health coverage were also less
likely to receive DBT than those with Medicare only (12%
versus 21%, p < 0.001). Patterns of DBT use were generally
similar among women aged 67–74(Table 1).
For women 75 and older, adjusted rates of subsequent

imaging were not significantly different between those
screened with DBT and 2-D mammography (91.8 versus
97.0 per 1,000 mammograms with DBT versus 2-D, p=0.37;
Table 2). By contrast, for women aged 67–74, adjusted rates of
subsequent imaging were higher following DBT than follow-
ing 2-D mammography (113.9 versus 100.3 women with
subsequent imaging per 1,000 mammograms, p=0.004;
Table 2). In both age groups, point estimates for subsequent
imaging among women screened with DBT were highest in
the first quarter of the year and declined over time (eTable 4a,
eFigure 2a). Congruent with this finding, in the subset of
women screened between January and August 2015, unad-
justed subsequent imaging rates were higher with DBT, both
for women 67–74 (120.4 versus 99.6 per 1000, p=0.001) and
for women 75 and older (109.7 versus 93.3, p=0.03)
(eTable 5).
Among women 75 and older, adjusted biopsy rates were not

significantly different between women screened with DBT
and those screened with 2-D mammography (18.9 versus
16.8 per 1,000 mammograms, p=0.30; Table 2). Among
women 67–74, biopsy rates were higher among women
screened with DBT (21.9 versus 16.1 per 1,000
mammograms, p<0.001; Table 2).
We evaluated rates of cancer detection in the subset of

women screened between January 1st and August 31st, 2015
(n= 28,626), representing a weighted population size of
490,307. Among women 75 and older, DBT was associated
with a higher overall rate of cancer detection compared to 2-D
mammography (11.5 versus 9.4 cancers per 1,000
mammograms, p=0.003; Table 3) after adjusting for covari-
ates. Women screened with DBT were more likely to be
diagnosed with an in situ neoplasm (2.5 versus 1.5 per 1,000
mammograms, p<0.001; Table 3) or an invasive stage I cancer
(6.0 versus 4.9 per 1,000 mammograms, p=0.013; Table 3),
but not a more advanced cancer. In contrast, for women 67–
74, the adjusted overall cancer detection rate was not signifi-
cantly different between women screened with DBT versus 2-
D mammography (8.1 versus 7.3 per 1,000 mammograms,
p=0.056; Table 3). However, DBT was associated with a
higher rate of invasive stage I cancer detection (4.7 versus
3.7 per 1,000 mammograms, p=0.002). Unadjusted cancer
detection rates were similar to adjusted rates (eTable 6). Point
estimates for cancer detection were generally stable over time
(eTable 4b, eFigure 2b).
Among women 75 and older, there were no significant

differences in biological features of cancers detected among
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women screened with DBT versus 2-D mammography
(Table 3). Among women 67–74, DBT was associated with
a higher cancer detection rate for cancers with favorable

biologic features (2.1 versus 1.7 per 1,000 mammograms,
p=0.036), but not intermediate or unfavorable biologic fea-
tures (Table 3).

Table 1 Clinical and Demographic Characteristics of Women Screened with 2-D Mammography Versus DBT

67–74 75+ p value for interaction§

2-D DBT p‡ 2-D DBT p‡

N (%) N (%) N (%) N (%)

Total sample (weighted) 364,254 (78) 100,539 (22) 230,685 (80) 59,090 (20)
Age group
67–69 156,500 (78) 44,331 (22) <0.001 - - <0.001 -
70–74 207,754 (79) 56,208 (21) - -
75–79 - - 132,064 (80) 33,913 (20)
80–84 - - 67,119 (79) 17,444 (21)
85+ - - 31,502 (80) 7,733 (20)
Race
White 302,478 (77) 88,467 (23) <0.001 196,256 (79) 53,091 (21) <0.001 0.13
Black 29,171 (84) 5,543 (16) 16,961 (86) 2,849 (14)
Other 32,605 (83) 6,529 (17) 17,468 (85) 3,150 (15)
Percent in zip code at or below poverty
< 5% 51,615 (73) 18,714 (27) <0.001 32,762 (74) 11,524 (26) <0.001 <0.001
5–9.9% 111,751 (76) 36,032 (24) 71,683 (78) 20,804 (22)
10–19.9% 126,781 (80) 31,589 (20) 79,323 (81) 18,764 (19)
≥20% 67,483 (84) 12,674 (16) 43,914 (86) 7,350 (14)
Unknown 6,624 (81) 1,530 (19) 3,003 (82) 648 (18)
Family history of breast cancer
Yes 30,984 (70) 13,068 (30) <0.001 20,965 (74) 7,538 (26) <0.001 <0.001
No 333,270 (79) 87,471 (21) 209,720 (80) 51,552 (20)
State-sponsored health coverage
Eligible 37,902 (88) 5,176 (12) <0.001 23,389 (88) 3,205 (12) <0.001 0.001
Non-eligible 326,352 (77) 95,363 (23) 207,296 (79) 55,885 (21)
Screens in past 2 years
0 81,368 (81) 18,764 (19) <0.001 44,661 (81) 10,141 (19) <0.001 <0.001
1 275,015 (78) 78,875 (22) 180,506 (79) 46,756 (21)
2 7,871 (73) 2,900 (27) 5,518 (72) 2,193 (28)
Comorbidity
0 153,070 (77) 46,468 (23) <0.001 71,351 (78) 20,181 (22) <0.001 0.001
1 to 2 151,884 (79) 40,648 (21) 101,160 (79) 26,467 (21)
3+ 59,300 (82) 13,423 (18) 58,174 (82) 12,442 (18)
Screening ultrasound
Yes 3,601 (58) 2,601 (42) <0.001 1,975 (63) 1,179 (37) <0.001 0.001
No 360,653 (79) 97,938 (21) 228,710 (80) 57,911 (20)

‡p value evaluates group differences between women screened with DBT and 2-D mammography
§p value for interaction evaluates interaction between characteristics and age group
DBT, digital breast tomosynthesis; 2-D, 2-D mammography

Table 2 Follow-up Imaging and Testing Rates for Women Screened with 2-D Mammography Versus DBT, per 1,000 Women Screened

Outcome 67–74 75+ p‡

2-D(95% CI) DBT (95% CI) p 2-D (95% CI) DBT (95% CI) p

Total sample* (weighted) 364,254 100,539 230,685 59,090
Unadjusted
Subsequent imaging 99.5 (95.2–104) 117.0 (108.3–125.6) <0.001 95.8 (90.6–101) 96.3 (86.1–106.4) 0.93 0.034
Diagnostic mammography 69.2 (65.6–72.7) 65.1 (58.6–71.6) 0.283 68.0 (63.6–72.4) 58.8 (50.9–66.7) 0.056 0.38
Diagnostic ultrasound 69.7 (66.1–73.3) 92.1 (84.3–99.8) <0.001 64.4 (60.2–68.6) 73.4 (64.4–82.3) 0.065 0.083
MRI 3.79 (3.22–4.36) 5.67 (4.22–7.12) 0.008 2.09 (1.65–2.54) 2.45 (1.69–3.22) 0.41 0.32
Biopsy 16.1 (14.7–17.6) 21.8 (18.5–25.1) 0.001 16.8 (15.1–18.5) 18.6 (15.1–22.2) 0.35 0.17
Adjusted§

Subsequent imaging 100.3 (96.1–104.5) 113.9 (105.4–122.4) 0.004 97.0 (91.8–102) 91.8 (82.0–102) 0.37 0.038
Diagnostic mammography 69.1 (65.6–72.7) 65.3 (58.7–71.8) 0.32 68.5 (64.1–72.9) 57.2 (49.3–65.0) 0.021 0.41
Diagnostic ultrasound 70.5 (67.0–74.1) 88.9 (81.3–96.5) <0.001 65.3 (61.0–69.5) 69.8 (61.2–78.3) 0.35 0.093
MRI 3.89 (3.29–4.48) 5.22 (3.82–6.62) 0.066 2.11 (1.67–2.55) 2.38 (1.64–3.13) 0.51 0.34
Biopsy 16.1 (14.7–17.6) 21.9 (18.5–25.3) <0.001 16.8 (15.0–18.5) 18.9 (15.2–22.5) 0.30 0.18

*Includes women screened January-December 2015
‡Indicates p value for interaction between age groups
§Adjusted for age, race, local area poverty, family history of breast cancer, state-sponsored health coverage eligibility, prior screening mammogram,
comorbidity burden, screening ultrasound, receipt of a flu shot, recent primary care visit, SEER region or state (state for CA and GA)
DBT, digital breast tomosynthesis; 2-D, 2-D mammography
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Among women 75 and older, positive predictive values
after subsequent imaging or biopsy for DBT were not statisti-
cally different from those for 2-D mammography (10.8%
versus 9.7% for subsequent imaging, p=0.26; 50.6% versus
53.6% for biopsy, p=0.66; Table 3). We observed similar
results for positive predictive values of subsequent imaging
and biopsy among women 67–74 years old (Table 3).

DISCUSSION

In this study comparing short-term breast cancer screening
outcomes among older women screened with DBT or 2-D
mammography, we found that DBT was not associated with
lower subsequent imaging rates compared to 2-D mammog-
raphy but was associated with higher rates of early-stage breast
cancer diagnosis.
Our findings differ from several studies which have shown

that DBT is associated with lower recall rates compared to 2-D
screening mammography.5,6,8 Lower recall has been held up
as a major advantage of DBT, as further workup creates
additional anxiety and expense. We have shown that DBT is
not associated with use of less subsequent imaging among
older women, suggesting that this potential advantage has not
been realized in this group.
There are several reasons that may account for the

difference between our findings and some prior studies.
First, we evaluated DBT at a time when the technology
was still relatively new. Indeed, consistent with other
studies, we found that the point estimates for subsequent
imaging rates among women screened with DBT de-
clined over the course of a calendar year, suggesting
some improvement in performance over time.3 Longer

periods of follow-up will be needed to fully characterize
DBT performance among older women.
A second possible explanation is that DBT affords less of an

advantage over 2-D mammography in older women. The
performance of 2-D mammography itself improves with age
and some studies have suggested a larger absolute reduction in
recall with DBT among younger women compared to older
women.25,5,15 However, not all studies have shown consistent
age effects, and there are important remaining questions about
how age, breast density, and screening round may all impact
DBT performance among older women.26

Consistent with prior studies, we observed that DBT was
associated with higher rates of cancer detection compared to 2-
D mammography.8–12 Additional cancers detected were uni-
formly small, early-stage cancers. Among women 75 and
older, DBT was also associated with higher rates of in situ
diagnosis, and among women 67–74, DBT was associated
with a higher rate of detection of biologically favorable
cancers.
Although no long-term studies have evaluated whether the

higher cancer detection rate observed with DBT improves
mortality, several studies have projected long-term benefits
of DBT using simulation modeling. These studies suggest that
DBT may avert approximately one additional breast cancer
death for every 2000–5000 women screened for at least 10
years, compared to 2-D mammography. However, these stud-
ies focus on younger populations and women with dense
breasts.27,28 Among older women, the higher cancer detection
rate of DBT is of uncertain benefit. Diagnosis of early-stage or
in situ breast cancer has not been shown to improve life
expectancy among older women and it is not clear whether
DBT’s higher cancer detection rate will ultimately improve
outcomes for older women.29,30 In addition, increased cancer

Table 3 Cancer Detection Rates from SEER for Women Screened with 2-D Versus DBT, per 1,000 Women Screened

Outcomes† 67–74 75+ p‡

2-D (95% CI) DBT (95% CI) p 2-D (95% CI) DBT (95% CI) p

Total sample* (weighted) 240,851 58,816 156,294 34,346
Total cancer diagnoses 7.3 (6.9–7.6) 8.1 (7.3–8.9) 0.056 9.4 (8.8–9.9) 11.5 (10.1–12.8) 0.003 0.45
In situ cancers 1.5 (1.3–1.7) 1.6 (1.3–1.9) 0.61 1.5 (1.3–1.7) 2.5 (2.0–3.1) <0.001 0.059
Total invasive cancer diagnoses 6.2 (5.9–6.6) 6.9 (6.2–7.7) 0.11 8.4 (7.9–8.9) 9.4 (8.2–10.6) 0.13 0.98
Stage 1 3.7 (3.5–4.0) 4.7 (4.1–5.3) 0.002 4.9 (4.5–5.3) 6.0 (5.1–6.9) 0.013 0.97
Stage 2 1.6 (1.5–1.8) 1.5 (1.1–1.8) 0.44 2.3 (2.0–2.5) 2.1 (1.5–2.6) 0.50 0.77
Stage 3 0.29 (0.22–0.36) 0.31 (0.15–0.47) 0.84 0.32 (0.23–0.41) 0.43 (0.18–0.68) 0.36 0.58
Stage 4 0.09 (0.05–0.10) 0.03 (0.01–0.08) 0.13 0.18 (0.12–0.25) 0.16 (0.02–0.30) 0.79 0.41
Invasive tumor size <2 cm 4.1 (3.8–4.3) 5.0 (4.4–5.6) 0.005 5.2 (4.8–5.6) 6.5 (5.6–7.4) 0.056 0.66
Invasive tumor size 2–5 cm 1.5 (1.3–1.6) 1.3 (1.0–1.6) 0.36 2.2 (2.0–2.5) 2.0 (1.5–2.5) 0.43 0.79
Invasive tumor size >5 cm 0.20 (0.14–0.26) 0.21 (0.08–0.34) 0.91 0.29 (0.20–0.37) 0.26 (0.06–0.46) 0.82 0.78
Biologically§ favorable 1.7 (1.5–1.8) 2.1 (1.7–2.5) 0.036 2.3 (2.1–2.6) 2.6 (2.0–3.2) 0.34 0.72
Biologically intermediate 3.1 (2.9–3.3) 3.5 (3.0–4.0) 0.20 4.2 (3.9–4.6) 4.9 (4.1–5.7) 0.12 0.99
Biologically unfavorable 0.73 (0.62–0.84) 0.76 (0.52–0.99) 0.83 0.88 (0.73–1.03) 1.02 (0.66–1.40) 0.44 0.72
PPV subsequent imaging (%) 7.0 (6.5–7.5) 7.2 (6.2–8.2) 0.69 9.7 (8.8–10.5) 10.8 (8.9–12.7) 0.26 0.85
PPV biopsy (%) 42.2 (37.7–46.8) 41.5 (33.6–49.4) 0.87 53.6 (47.8–59.5) 50.6 (38.6–62.7) 0.66 0.92

†Adjusted for age, race, local area poverty, family history of breast cancer, state-sponsored health coverage eligibility, prior screening mammogram,
comorbidity burden, screening ultrasound, receipt of a flu shot, recent primary care visit, SEER region or state (state for CA and GA)
*Includes women screened January–August 2015
‡Indicates p value for interaction between age groups
§Biological prognostic categories are based on hormone receptor status and grade
SEER, Surveillance, Epidemiology, and End Results Program-Medicare linked database; PPV, positive predictive value
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detection may contribute to harm from overdiagnosis and
overtreatment. Thus, as we use more sensitive technologies
for breast cancer screening, we will need better data to under-
stand whether older women benefit and alternate approaches
to managing lower risk cancers to avoid harm from overtreat-
ment in older women.
We acknowledge several limitations of this study. First,

though we adjusted for potential confounders in our analysis,
there may be other unmeasured differences between women
who received DBT and 2-D mammography that contribute to
our findings. In particular, higher-risk women or women with
dense breasts may be preferentially referred for DBT, which
may result in greater use of subsequent imaging and higher
cancer detection rates. While we were unable to observe
mammographic findings including breast density, we adjusted
for age, which is strongly associated with breast cancer risk
and breast density, as well as use of supplemental ultrasound,
which may be more commonly used among women with
dense breasts. Importantly, the incremental increase in cancer
detection that we observed with DBT was similar in magni-
tude to what has been observed in studies able to adjust for
breast density, supporting our findings.5

Second, we used claims-based definitions of some vari-
ables, which have limitations. We modified a validated algo-
rithm designed to distinguish screening mammograms from
diagnostic mammograms. While our changes replaced outdat-
ed ICD-9 codes with their equivalent ICD-10 and CPT/
HCPCS codes, these modifications were not themselves val-
idated. We also acknowledge possible limitations in evaluat-
ing subsequent imaging. Because we used claims data, we
could not observe mammographic results including BIRADS
classification and thus could not evaluate recall directly. How-
ever, we believe that even if use of subsequent imaging is not a
perfect marker of recall, it is an important outcome in itself, as
returning for follow-up imaging results in additional time,
expense, and anxiety for screened women.

CONCLUSIONS

In summary, in this study of older women undergoing breast
cancer screening, DBT was associated with similar or higher
rates of subsequent imaging compared to 2-D mammography.
While DBT was associated with higher cancer detection rates,
the additional cancers detected were mostly early-stage or in
situ tumors. Understanding the long-term outcomes and value
of DBT in older women will help guide future recommenda-
tions for screening in this population.

Supplementary Information The online version contains supple-
mentary material available at https://doi.org/10.1007/s11606-021-
07132-6.
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