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Abstract

Background: Overdiagnosis is increasingly recognized as a harm of breast cancer screening, 

particularly for older women.

Objective: To estimate risk of overdiagnosis associated with breast cancer screening among older 

women by age.

Design: Retrospective cohort study comparing the cumulative incidence of breast cancer among 

older women who continued screening to those who did not. Analyses used competing risk 

models, stratified by age.

Setting: Fee-for-service Medicare claims, linked to the Surveillance, Epidemiology, and End 

Results (SEER) program registry.

Patients: Women 70 and older with no history of breast cancer and who had been recently 

screened.

Exposure: Continued screening in the next interval.

Measurements: Breast cancer diagnoses and breast cancer death over 15 years follow up.
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Results: This study included 54,635 women. Among women aged 70–74, the adjusted 

cumulative incidence of breast cancer was 6.1 cases per 100 screened women (95% CI 5.7–

6.4) versus 4.2 cases per 100 unscreened women (95% CI 3.4–5.2). An estimated 31% of 

breast cancers among screened women were potentially overdiagnosed. For women ages 75–

84, cumulative incidence was 4.9 per 100 screened women (95% CI 4.6–5.1) versus 2.6 per 

100 unscreened women (95% CI 2.2–3.0) among those not, with 47% of cases potentially 

overdiagnosed. For women ages 85 and older, the cumulative incidence was 2.8 (95% CI 2.3–

3.4) among screened women versus 1.5 (95% CI 0.6–2.2), with up to 54% overdiagnosis. We 

did not observe statistically significant reductions in breast cancer specific death associated with 

screening.

Limitations: This study was designed to estimate overdiagnosis limiting our ability to draw 

conclusions on all benefits and harms of screening. Unmeasured differences in risk of breast 

cancer and differential competing mortality between screened and unscreened women may 

confound results. Results were sensitive to model specifications and definition of a screening 

mammogram.

Conclusion: Continued breast cancer screening was associated with greater incidence of breast 

cancer, suggesting many older women who are diagnosed with breast cancer after screening 

may be overdiagnosed, especially among the oldest women. Whether harms of overdiagnosis are 

balanced by benefits and for whom remains an important question.

Introduction:

Although older women are commonly screened for breast cancer, the efficacy of screening 

in this population remain uncertain (1). No randomized trials have evaluated screening 

mammography in women 75 and older, and only a few studies have included women over 

the age of 70, leaving uncertainty about benefits and harms of screening in this group (2,3). 

Observational studies suggest that the mortality benefit from screening may be limited to 

women younger than 75.(4) Modeling studies, by contrast, indicate that screening reduces 

breast cancer mortality, but the net benefit of screening diminishes with increasing age 

and comorbidity (5,6). Guidelines about screening older women vary. The US Preventive 

Services Task Force makes no specific recommendation for or against screening women 75 

and older, but includes women 70–74 in the broader group of women for whom screening 

is generally recommended (7). The American Cancer Society recommends continuing 

screening if life expectancy is more than 10 years, while the American College of Physicians 

recommends discontinuing screening at age 75 or younger if life expectancy is less than 10 

years (8,9).

Harms of screening for older women include frequent false positives requiring additional 

testing and invasive procedures (10–12). However, in recent years, there has also been 

greater recognition that overdiagnosis constitutes an important harm from breast cancer 

screening. Overdiagnosis may be defined as detecting a cancer, often through screening, 

that would not have caused symptoms in a person’s lifetime (13). Risk of overdiagnosis is 

driven by several factors, including the biological behavior of a tumor and life expectancy 

(14). Specifically, some breast cancers may have a long pre-symptomatic phase. Detecting 

these breast cancers through screening may result in overdiagnosis if these breast cancers 
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would have otherwise remained clinically silent during a patient’s lifetime. Additionally, 

even aggressive breast cancers with a short pre-symptomatic phase may be overdiagnosed 

in older women who have very limited life expectancy. Modeling studies have estimated 

that overdiagnosis may occur in approximately 0.8–7.5 per 1000 older women screened for 

breast cancer depending on age, and may account for between 12–48% of screen-detected 

breast cancers (5,15). Although important, modeling studies have some inherent limitations. 

For example, modeling studies make assumptions about the distribution of lead times of 

breast cancers, which are not directly observable (16,17). Studies using alternate methods 

including long term follow up of randomized trials have often focused younger screened 

populations rather than older women (18,19).

The primary goal of this study was to quantify the risk of overdiagnosis associated with 

screening mammography among older women by evaluating the difference in cumulative 

incidence of breast cancer associated with continuing screening or not in the next scheduled 

interval among women 70 and older. To do this, we approximated a target trial in which 

women 70 and older who had recently been screened and did not have a history of breast 

cancer would be assigned to either continue screening for at least one more round or 

not at the time of their next mammogram. Anticipating heterogeneity among women 70 

and older, we stratified by age (70–74, 75–84, and 85 and older). Since some screening 

recommendations use life expectancy instead of age, and because life expectancy can vary 

within age groups, we replicated our analyses using life expectancy strata.

Methods:

Data:

We used data from the Surveillance, Epidemiology, and End Results (SEER)-Medicare 

registry linked to a 5% sample of Medicare fee-for-service beneficiaries (20,21). This 

sample includes Medicare beneficiaries who were ultimately diagnosed with breast cancer, 

those diagnosed with other cancers, and those who were not diagnosed with cancer. Follow 

up was available through 2017 (22).

Target trial and cohort selection:

This study was designed to approximate a target trial of the effect of having another 

screening mammogram during the next interval or not on cumulative incidence of breast 

cancer among women 70 and older who had been recently screened and who did not have 

a history of breast cancer. To implement this, we first identified women who had been 

screened in 2002, were age 70 or older by January 1, 2003, had not had breast cancer 

prior to their 2002 screening mammogram, and had Medicare fee-for-service insurance 

through 2005. We then considered a 3-year period after the 2002 mammogram during which 

women could either be screened or not. For women who continued screening during this 

period, cohort entry (which may be thought of as “time zero”) began on the day of the 

next screening mammogram. For women who did not have a screening mammogram within 

3 years of their 2002 mammogram, we assigned a “pseudomammogram” date, meant to 

represent the date on which a screening mammogram would have occurred, had that woman 

been screened. The pseudomammogram date was chosen at random from the distribution of 
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times to the next mammogram among women who were screened. Women were excluded 

from this non-screening arm if they received a non-screening mammogram, were diagnosed 

with breast cancer, or died before the pseudomammogram date, but not after. Therefore, 

women in both arms (screened and unscreened) had survived and were free of breast 

cancer between their 2002 mammogram until cohort entry, which was the day of their next 

screening mammogram or the pseudomammogram date (Figure 1) (23).

Exposure definition:

We defined screening mammography in Medicare claims using an algorithm developed by 

Fenton et al. which distinguishes screening mammograms from diagnostic mammograms 

in claims data (eMethods, eTable 1) (24). The algorithm has a sensitivity of 99.7% and a 

specificity of 69.4% but maintains a high positive predictive value for identifying screening 

mammograms (97.4%) because most mammograms performed are screening mammograms. 

We used this approach to identify women who underwent screening mammography in 

the three years following their 2002 mammogram. Women who did not have a screening 

mammogram during this timeframe were included in the non-screening group, as described.

Outcome definition:

The primary outcome in this study was breast cancer diagnosis, as captured in the SEER 

registry. We included all breast cancer diagnoses including in-situ carcinomas. We also 

evaluated use of screening mammography over time in each arm. Secondary outcomes 

included breast cancer diagnosis by stage (in-situ, invasive localized and regional/distant 

cancers) based on SEER summary stage, a variable available across the long range of 

follow-up for all registries included in the sample. Lastly, we evaluated breast cancer 

specific mortality, as documented by SEER using death certificate records.

Covariates:

We evaluated demographic and clinical characteristics of the cohort including age, race, 

ethnicity, urban/rural status, state buy-in, zip code poverty, receipt of flu vaccine, and frailty. 

State buy-in indicates state payment for Medicare premiums and approximates Medicaid 

dual eligibility. Frailty was defined using the Kim index, dichotomized at a value of 0.2 (25). 

We calculated life expectancy for each individual using age, sex, and comorbidity at the 

cohort entry date using a previously established method (26).

Analysis:

We compared characteristics of the study population by screening status, calculating 

standardized mean differences to evaluate differences between screened and unscreened 

women within age groups. We also evaluated patterns of screening after cohort entry by 

calculating the proportion of women screened at subsequent 3-year intervals after cohort 

entry by age group and by screening status at cohort entry.

To estimate overdiagnosis, we compared the cumulative incidence of breast cancer among 

women screened at cohort entry to that among women not screened at cohort entry. To 

calculate cumulative incidence, we fit a competing risk model using the Fine-Gray method, 

accounting for the competing risk of death (27). This approach allows for the estimation of 
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cumulative incidence of breast cancer when competing events that preclude the possibility of 

breast cancer diagnosis (like death from other causes) are common. Models were stratified 

by age at cohort entry (70–74, 75–84, 85+) or life expectancy at cohort entry (≤5 years, 6–10 

years, >10 years). We adjusted models for variables which may influence both screening 

use and the underlying risk of breast cancer, specifically age, race, and ethnicity. We also 

adjusted models for factors which may influence both screening use and competing risk 

of mortality, specifically life expectancy (continuous in months), frailty, state buy-in, and 

receipt of a flu shot, which may be more common among those who are healthier and also 

seek out preventive care (28,29).

We estimated the cumulative incidence of breast cancer for screened and unscreened women 

at the end of follow up using mean values for the population in each age group. As our 

main measure of overdiagnosis, we calculated the absolute risk difference, which we defined 

as the difference in the cumulative incidence of breast cancer among women who were 

screened versus not screened at cohort entry. We used a bootstrap approach with 1,000 

replicate samples to estimate 95% confidence intervals for our estimates (30). Lastly, we 

quantified the risk of overdiagnosis among screened women. We defined this as the absolute 

risk difference (difference in cumulative incidence of breast cancer between screened and 

unscreened women) divided by the cumulative incidence among screened women. This 

quantity reflects the proportion of breast cancer cases among screened women that may 

be overdiagnosed. Our approach for stage-specific incidence was identical, except we used 

stage-specific breast cancer diagnosis as the primary outcome, with breast cancer diagnosis 

at other stages as a competing event. For breast cancer mortality analyses, we used the same 

approach as our main analysis, but calculated cumulative incidence of breast cancer death at 

the end of follow up rather than breast cancer incidence.

Sensitivity analyses:

Identifying screening mammograms relies on a claims-based algorithm that distinguishes 

screening and diagnostic mammograms. This algorithm in general classifies the great 

majority of mammograms correctly as diagnostic or screening, with less than 2% of 

mammograms incorrectly classified as screening when they are actually diagnostic. 

However, because even this small misclassification may impact results, we conducted a 

sensitivity analysis in which we conservatively favored categorizing women as not screened 

when misclassification was possible (eMethods). We also evaluated the rate of cancer 

diagnosis within 12 months of mammograms reclassified under this alternate definition to 

understand whether diagnostic yield was similar to screening mammograms or not.

In addition to our primary analyses, we tested alternate model specifications. We fit cause-

specific hazard models in addition to the Fine-Gray model. Cause-specific hazard models 

are less susceptible to confounding from competing events, but may overestimate cumulative 

incidence (28). We also used logistic models, estimating the predicted probability of breast 

cancer diagnosis at 15 years for women who were screened or not screened by life 

expectancy to investigate potential model sensitivity to violation of the proportional hazards 

assumption. We performed a sensitivity analysis in which we censored women if they 

received a screening mammogram > 8 years after cohort entry in order to ensure sufficient 
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follow up time to observe breast cancer diagnoses(31). Lastly, we evaluated the potential 

impact of family history as an unmeasured confounder on our results (eMethods).

Results:

The cohort included 54,635 women (Table 1). The mean age of the population was 77.2 

years (95% confidence interval 77.1–77.2), 6% of women were Black, 3% were Hispanic, 

and 88% were White. Life expectancy was ≤ 10 years for 41% of the population and 15% 

were considered frail. Across age groups, women who underwent screening had longer life 

expectancy, and were less likely to have state buy-in or be considered frail (Table 1).

Among women ages 70–74 years, 88% were screened at cohort entry (i.e., within 3 years 

of the 2002 mammogram). Among women ages 75–84, 81% were screened at cohort entry, 

and among women ages 85 and older, 63% were screened at cohort entry (Table 1). In all 

age categories, some women who were not screened at cohort entry were screened during a 

later time interval. Among women 70–74 who were not screened at cohort entry, 30% were 

screened in the first 3 years of follow up (eFigure 2a). Among women with a life expectancy 

of 75–84 years not screened at cohort entry, 16% were screened in the first 3 years (eFigure 

2b). For women ages 85+, 6% were screened in the first 3 years of follow up (eFigure 2c).

Among women ages 70–74, median follow up time was 13.7 years (IQR 9.2–14.4), 10 

(5.8–13.9) years for women ages 75–84 and 5.7 (3.1–9.1) years for women 85+. By the end 

of follow up, among those 70–74 who were screened 38% had died, versus 56% among 

those who were not screened. Among those ages 75–84, 65% of those who were screened 

had died vs 80% among those who were not screened. For those ages 85 and older, 91% of 

those screened had died vs 96% among those not screened.

In adjusted analyses using Fine-Gray competing risk models, the cumulative incidence of 

breast cancer was 6.1 cases per 100 women (95% CI 5.7–6.4) among those 70–74 who were 

screened at cohort entry, versus 4.2 cases per 100 women (95% CI 3.4–5.0) among those 

who were not screened at cohort entry (risk difference 1.9 cases per 100 (95% CI 1.0–2.8)) 

(Figure 2, Table 2). Among women screened at cohort entry who were eventually diagnosed 

with breast cancer, we estimated 31% may be overdiagnosed. Among women ages 75–84, 

the cumulative incidence of breast cancer was 4.9 per 100 (95% CI 4.6–5.2) among women 

who were screened at cohort entry versus 2.6 per 100 (95% CI 2.2–3.0) among women 

who were not screened at cohort entry (risk difference 2.3 (95% CI 1.7–2.8), Figure 2, 

Table 2). We estimated that 47% of breast cancer cases among screened women may be 

overdiagnosed. For women 85 and older who were screened, cumulative incidence of breast 

cancer was 2.8 per 100 (95% CI 2.3–3.4) versus 1.3 per 100 (95% CI 0.9–1.8) among 

women not screened at cohort entry (risk difference 1.5 (95% CI 0.6–2.2) Figure 2, Table 2). 

Risk of overdiagnoses was estimated at 54% among screened women diagnosed with breast 

cancer. When stratifying by life expectancy, an estimated 32% of breast cancers among 

screened women with a life expectancy of >10 years were overdiagnosed. Among women 

with a life expectancy of 6–10 years, 53% of cancers were potentially overdiagnosed, and 

62% among women with a life expectancy ≤5 years (eTable 3).
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In sensitivity analyses, models using logistic regression, and models that censored women 

if screening was performed > 8 years after cohort entry generated similar estimates of risk 

difference. Estimates of overdiagnosis from cause-specific hazard models were somewhat 

lower than estimates from Fine-Gray models (Table 2). Findings were also sensitive to the 

definition of a screening mammogram. Using an alternate, more conservative definition of a 

screening mammogram, the risk difference between screened and unscreened women among 

those 70–74 was 0.9 breast cancer cases per 100 (95% CI −0.1–1.7), with an estimated 

15% of screen-detected cancers overdiagnosed. For women ages 75–84, the risk difference 

was 1.7 (95% CI 1.1–2.2) with an estimated 36% of breast cancer cases overdiagnosed. 

For women ages 85 and older, the risk difference was 1.1 (95% CI 0.3–1.7) after 15 

years of follow up with an estimated 44% of screen detected cancers overdiagnosed (Table 

2). Breast cancer diagnosis was more common among mammograms reclassified as not 

screening in this sensitivity analysis, suggesting that some of these mammograms may have 

been diagnostic (eTable 4). Estimates of the impact of family history suggested differential 

screening use among women with a first degree relative with breast cancer would not 

explain our results (eTable 5).

Lastly, we evaluated secondary outcomes including cumulative incidence by stage (in-

situ, localized invasive, and regional or distant breast cancers) and breast cancer-specific 

mortality. Cumulative incidence was higher among screened women both for in-situ breast 

cancers and localized invasive cancers across age groups (Table 3). We did not observe 

statistically significant higher or lower incidence of regional-distant breast cancer by 

screening status. We also did not observe statistically significant differences in breast cancer-

specific mortality by screening status (Table 3).

Discussion:

We found that the proportion of breast cancers that may be overdiagnosed among older 

women who are screened is considerable, and rises with advancing age and with decreasing 

life expectancy. For women 85 and older, 54% of breast cancers among screened women 

may be overdiagnosed. For younger women, 70–74, the proportion is smaller but still 

considerable at up to 31%. We also observed that the absolute risk of overdiagnosis was 

similar across strata of life expectancy and ranged from 1.5–2.3 cases per 100 women 

screened. The higher proportion of overdiagnosed cases among older women reflects the 

fact that although the absolute risk is similar across age groups, the cumulative incidence of 

breast cancer is lower among older women who have greater competing mortality.

Is an absolute risk of overdiagnosis of about 2% over 15 years high? Whether this risk 

is considered high depends on several factors including expected benefits of screening 

and patient preferences. We evaluated the association between breast cancer screening and 

breast cancer-specific death to understand potential benefits of screening in this population. 

Although we did not observe statistically significant reductions in death from breast cancer 

in any age or life expectancy stratum, point estimates suggested reduction in breast cancer 

specific death for women younger than 85, consistent with some modeling studies (5,6). 

However, uncertainty around our estimates precludes drawing strong conclusions about 

mortality benefits in this analysis, and other observational studies have documented no 
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mortality benefit for screening among women older than 75 (4). Given uncertainty about the 

relative balance of benefits and harms of screening in this population, patient preferences, 

including risk tolerance, comfort with uncertainty, and willingness to undergo treatment are 

important for informing screening decisions.

Stage-specific analyses suggested overdiagnosis was driven by in-situ and localized invasive 

breast cancers rather than advanced breast cancers. Whether overdiagnosis of these early-

stage cancers is consequential in part depends on whether diagnosis results in aggressive 

or burdensome treatments. Up to 90% of women aged 80 and older with non-metastatic 

breast cancers undergo surgery and nearly two thirds of women over 70 have radiation 

for early stage invasive breast cancers (32,33). Not only are these treatments intensive, but 

older women also risk functional decline after surgery (34). Importantly, some studies also 

suggest that continued screening is associated with lower rates of chemotherapy use, which 

is an important potential benefit of screening that must be weighed against the risks of 

overtreatment.(4) Even beyond the specific burdens of treatment, the experience of being 

diagnosed with breast cancer is deeply affecting for many women and is associated with 

anxiety, reductions in quality of life, and lower sense of well-being (35).

Our findings are generally consistent with estimates from other studies. First, a recent study 

estimated that the lead time for breast cancer is about 7 years. Given this, more than half 

of breast cancers identified among women with a mean life expectancy <7 years would be 

likely to be overdiagnosed. Indeed, we found that more than half (63%) of cases among 

women with a life expectancy of ≤5 years may be overdiagnosed and 54% of cases among 

women age 85 or more years may be overdiagnosed. Our main results were somewhat 

higher than a modeling study which estimated that between 12–48% of screen-detected 

cancers among women 75 and older are overdiagnosed, although those findings incorporate 

specific assumptions about the natural history of breast cancer (15). Lastly, our results 

echo findings that inferred overdiagnosis rates based on patterns of tumor size at diagnosis, 

and estimated that about half of breast cancers among women over the age of 80 are 

overdiagnosed (36). Our work builds on this literature by using an approach that makes 

no assumptions about lead time and estimates overdiagnosis specific to life expectancy in 

addition to age alone.

There are some important caveats to the interpretation of these findings. First, our results 

were sensitive to the definition of screening mammography. We used a definition of 

screening mammography that may misclassify some diagnostic mammograms as screening. 

Using a more conservative definition—which may correctly categorize some diagnostic 

exams and incorrectly categorize some screening exams as non-screening --estimates of 

overdiagnosis were smaller, ranging from 15–44% of cases. As a more conservative 

estimate, this approach offers a useful lower bound on risk of overdiagnosis. Even with 

this approach, we still observed that a substantial proportion of breast cancer cases among 

women with limited life expectancy or advanced age were overdiagnosed.

Second, the excess incidence estimated in this study incorporates the effect of screening 

patterns observed, including screening mammograms that occurred after cohort entry in 

each arm, rather than from a single additional round of screening. Therefore, our estimates 
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capture the risk of overdiagnosis associated with continued versus reduced screening, 

although with incomplete adherence (eFig2). We would expect that overdiagnosis rates with 

perfect adherence to continuation or stopping screening might be even higher.

There are other important limitations to this work. This is an observational study and is 

subject to confounding. Women who choose to continue screening may be at higher risk of 

developing breast cancer and lower risk of competing mortality. We adjusted for potential 

confounders, including age, race, and ethnicity, as well as factors that may influence 

competing risk. We also used cause-specific hazard models which may be useful for causal 

inference if there is differential competing risk of mortality (28). We could not adjust for 

breast density, family history or other breast cancer risk factors as these are not observable 

in SEER-Medicare. Still, these factors may be of less importance in an older population 

where age is likely the single most potent risk factor (37). We also specifically evaluated 

whether family history might play a substantial role in explaining our results and found 

that this is unlikely the main driver of our findings. Although we have used methods to 

address immortal time bias, we note that it is difficult to completely exclude this possibility. 

More broadly, methods used here tend to select for healthier patients both among screened 

and unscreened women. Our work uses an approach that requires lengthy follow up to 

avoid labeling lead time as overdiagnosis. The results of our sensitivity analysis excluding 

screening mammograms performed > 8 years after cohort entry (within 7 years of the end 

of follow up) were similar to our main results. Further, among women 85 and older, most 

participants had died by the end of follow up, making lead time an unlikely explanation 

for our findings. Lastly, we had limited power to evaluate benefits of screening, specifically 

potential reduction in breast cancer specific mortality and we did not evaluate other potential 

benefits of screening, such a as reduction in invasive or burdensome treatments associated 

with earlier diagnosis.

Conclusions:

Women 70 and older who continue breast cancer screening are at risk of overdiagnosis. The 

relative risk of overdiagnosis increases with age and is highest for the oldest women or those 

with lowest life expectancy. Overdiagnosis should be explicitly considered when making 

screening decisions, along with considering possible benefits of screening.
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Figure 1: Study schematic.
Each horizontal line represents an individual in the study. Study entry begins at the date 

of the mammogram (triangular arrowhead) or pseudomammogram (x shape), which must 

be within 3 years of the 2002 mammogram. The time between the 2002 mammogram and 

study entry are similar for both the screened and unscreened group, and both groups include 

only women who have survived and are breast cancer free at the time of cohort entry. The 

solid bars represent the follow up period, which begins at the time of the mammogram or 

pseudommamogram date and ends either at death or breast cancer diagnosis (diamond) or 

end of follow up in 2017 (circle).
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Figure 2: Cumulative incidence of breast cancer by screening status and age.
Figure panels depict cumulative incidence of breast cancer (breast cancer cases per 100 

women) among women screened or not screened at cohort entry over available follow up. 

Shaded areas indicate 95% confidence intervals. Panel A: Age 70–74, Panel B: Age 75–84 

years, Panel C: Age 85 and older.
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Table 2:

Cumulative incidence of breast cancer cases per 100 individuals

Primary Analysis Sensitivity Analyses

Age Exposure Unadjusted Adjusted
Cause 

specific
Logistic 

Regression

Censored if 
screened > 8 
years after 

cohort entry

Alternate 
Screening 
Definition

70–74

Not Screened 4.0 (3.3–4.9) 4.2 (3.5–5.0) 5.5 (4.6–6.6) 4.2 (3.4–5.1) 3.6 (2.9–4.5) 4.9 (4.2–5.8)

Screened 6.2 (5.9–6.6) 6.1 (5.7–6.4) 7.1 (6.6–7.5) 6.0 (5.7–6.4) 5.1 (4.8–5.5) 5.8 (5.5–6.2)

Difference 2.2 (1.3–3.0) 1.9 (1.0–2.8) 1.6 (0.4–2.7) 1.9 (1.0–2.7) 1.5 (0.6–2.3) 0.9 (−0.1–1.7)

% Excess 35 31 22 31 29 15

Hazard Ratio 1.56 (1.27–1.91) 1.47 (1.19–
1.81)

1.29 (1.05–
1.59) 1.48 (1.2–1.83) 1.41 (1.12–1.78) 1.19 (0.99–1.43)

75–84

Not Screened 2.4 (2.1–2.8) 2.6 (2.2–3.0) 4.1 (3.4–4.8) 2.6 (2.2–3.0) 2.3 (1.9–2.7) 3 (2.7–3.5)

Screened 5.0 (4.8–5.3) 4.9 (4.6–5.2) 6.4 (6.0–6.8) 4.8 (4.5–5.1) 4.4 (4.1–4.6) 4.7 (4.4–5)

Difference 2.6 (2.1–3.1) 2.3 (1.7–2.8) 2.3 (1.5–3.1) 2.3 (1.7–2.8) 2.1 (1.6–2.6) 1.7 (1.1–2.2)

% Excess 52 47 36 47 47 36

Hazard Ratio 2.10 (1.76–2.50) 1.92 (1.6–2.3) 1.59 (1.33–
1.91) 1.93 (1.61–2.31) 1.93 (1.59–2.33) 1.56 (1.32–1.83)

85+

Not Screened 1.3 (0.9–2) 1.3 (0.9–1.9) 3.2 (2.0–5.1) 1.3 (0.9–1.9) 1.3 (0.9–1.9) 1.4 (1.0–2.0)

Screened 2.9 (2.3–3.7) 2.8 (2.3–3.4) 5.6 (4.2–7.5) 2.8 (2.3–3.4) 2.7 (2.2–3.4) 2.5 (1.9–3.1)

Difference 1.6 (0.8–2.4) 1.5 (0.6–2.2) 2.4 (0.6–4.2) 1.5 (0.6–2.2) 1.4 (0.6–2.0) 1.1 (0.3–1.7)

% Excess 55 54 43 53 52 44

Hazard Ratio 2.56 (1.46–3.47)
2.2 (1.43–3.4) 1.78 (1.15–

2.76) 2.15 (1.39–3.33) 2.13 (1.37–3.29) 1.76 (1.15–2.69)

Notes: Tables present the cumulative incidence of breast cancer (breast cancer cases per 100 individuals) at the end of follow up, which occurred 
at death, breast cancer diagnosis, or through the end of 2017. All values in parenthesis indicate 95% confidence intervals. Hazard ratios compare 
risk of breast cancer diagnosis in screened and unscreened groups. Logistic models produce odds ratios rather than hazard ratios. All models use 
the Fine-Gray method, except the logistic model and the cause-specific hazard model. All sensitivity analyses used the same set of covariates as in 
the primary adjusted analysis. The alternate screening definition reclassifies women who received mammograms billed with diagnostic codes in the 
absence of claims for breast cancer symptoms as “not screened” rather than “screened.”
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Table 3:

Adjusted cumulative incidence of stage-specific breast cancer and breast cancer death per 100 individuals

Age Exposure
Overall Breast 

Cancer Incidence
In Situ Breast 

Cancer Incidence

Localized Invasive 
Breast Cancer 

Incidence

Regional-Distant 
Breast Cancer 

Incidence
Breast Cancer 

Mortality

70–74

Not Screened 4.19 (3.49–5.03) 0.59 (0.36–0.98) 2.56 (2.05–3.20) 0.90 (0.61–1.34) 0.41 (0.22–0.76)

Screened 6.08 (5.74–6.44) 1.09 (0.94–1.27) 3.84 (3.58–4.11) 1.00 (0.85–1.17) 0.35 (0.26–0.48)

Difference 1.89 (0.98–2.75) 0.50 (0.10–0.81) 1.28 (0.51–1.93) 0.10 (−0.31–0.47) −0.06 (−0.34–0.16)

% Excess 31 46 33 10 −17

Hazard Ratio 1.47 (1.19–1.81) 1.86 (1.08–3.18) 1.51 (1.15–1.98) 1.11 (0.71–1.72) 0.86 (0.44–1.68)

75–84

Not Screened 2.56 (2.20–2.97) 0.15 (0.07–0.29) 1.50 (1.21–1.86) 0.74 (0.55–1) 0.42 (0.28–0.64)

Screened 4.85 (4.57–5.15) 0.79 (0.68–0.93) 3.15 (2.95–3.38) 0.78 (0.66–0.92) 0.36 (0.29–0.46)

Difference 2.29 (1.74–2.81) 0.64 (0.46–0.79) 1.65 (1.21–2.03) 0.04 (−0.21–0.27) −0.06 (−0.27–0.11)

% Excess 47 81 52 5 −17

Hazard Ratio 1.92 (1.60–2.3) 5.41 (2.65–11.06) 2.12 (1.68–2.67) 1.05 (0.75–1.49) 0.87 (0.55–1.37)

85+

Not Screened 1.28 (0.87–1.89) 0.05 (0.01–0.21) 0.71 (0.39–1.29) 0.18 (0.08–0.38) 0.16 (0.05–0.50)

Screened 2.80 (2.30–3.41) 0.19 (0.11–0.34) 1.66 (1.26–2.20) 0.33 (0.17–0.64) 0.21 (0.09–0.51)

Difference 1.52 (0.65–2.20) 0.14 (0.001–0.22) 0.95 (0.29–1.38) 0.15 (−0.04–0.30) 0.05 (−0.12–0.19)

% Excess 54 74 57 45 24

Hazard Ratio 2.2 (1.43–3.4) 3.95 (0.98–15.97) 2.35 (1.32–4.19) 1.87 (0.69–5.12) 1.34 (0.4–4.49)

Notes: Tables present the adjusted cumulative incidence (breast cancer cases or breast cancer deaths per 100 individuals) through the end of follow 
up which occurred at breast cancer diagnosis, death, or the end of 2017. All values in parenthesis represent 95% confidence intervals. Hazard ratios 
compare risk of breast cancer diagnosis or death in screened and unscreened groups. In situ, localized and regional-distance incidence were derived 
from the SEER summary stage variable. Breast cancer death was identified from cause of death reported on death certificates. For the in-situ 
outcome, life expectancy was recoded into 6 month increments due to small cell sizes. For the breast cancer death outcome, life expectancy was 
recoded into 6-month increments and race was analyzed as non-Hispanic Black compared to all others due to small cell sizes.
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