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Abstract

Background—Biennial screening is generally recommended for average-risk women aged 50–

74 years, but tailored screening may provide greater benefits.

Objective—To estimate outcomes for varying screening intervals after age 50 based on breast 

density and risk.

Design—Collaborative simulation modeling using national incidence, breast density, and 

screening performance data.

Setting—U.S. population.

Patients—Women ages ≥50 with combinations of breast density and relative risk (RR: 1.0, 1.3, 

2.0, 4.0).

Interventions—Annual, biennial, or triennial digital mammography screening from age 50 to 74 

(versus no screening) and age 65 to 74 (versus biennial 50–64).

Measurements—Lifetime breast cancer deaths, life expectancy and quality-adjusted life years 

(QALYs), false-positives, benign biopsies, overdiagnoses, cost-effectiveness and ratio of false-

positives to breast cancer deaths averted.

Results—Screening benefits and overdiagnosis increase with breast density and risk. False-

positives and benign biopsies decrease with increasing risk. Among women with fatty or scattered 

fibroglandular breast density and RR=1.0–1.3, breast cancer deaths averted were similar for 

triennial versus biennial screening for both age groups (medians: age 50–74, 3.4–5.1 vs. 4.1–6.5; 

age 65–74, 1.5–2.1 vs. 1.8–2.6). Breast cancer deaths averted increased with annual versus 
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biennial screening for ages 50–74 years with all levels of breast density and RR=4.0, and ages 65–

74 years with heterogeneously or extremely dense breasts and RR=4.0, but harms were almost 2-

fold higher. Triennial screening for average-risk and annual screening for highest-risk subgroups 

cost <$100,000 per QALY gained.

Limitations—Models did not consider ages <50, RR< 1, or other imaging modalities.

Conclusions—Average-risk/low-breast density women undergoing triennial screening and 

higher-risk/high-breast density women receiving annual screening will maintain a similar or better 

balance of benefits and harms compared to biennial screening of average-risk women.

Primary Funding Source—National Cancer Institute

Introduction

Despite on-going debate surrounding breast cancer screening for women in their 40s, there 

is a greater consensus about US guidelines for average-risk women 50 and older (1, 2), with 

groups now recommending biennial mammography from ages 50 or 55 to 74 years (3, 4). 

Biennial screening is supported by clinical trials (5, 6), observational studies (5, 7), and 

modeling results (8). Present recommendations also acknowledge that implementing 

screening in clinical practice should involve shared decision-making to consider preferences, 

risk-levels, and breast density (3, 4). However, there are limited data to guide clinicians and 

women in making personalized decisions about screening intervals based on such factors.

Observational data (7, 9) and modeling studies (10, 11) suggest that annual screening may 

be more effective than biennial screening for women at high risk due to dense breasts and 

other risk factors, and that triennial screening may retain most of the benefit of biennial 

screening but be less harmful and more cost-effective for women with low risk/low density. 

However, past empirical research on alternative screening intervals did not include mortality 

outcomes (12). Moreover, most prior modeling studies have relied on single models (10, 11), 

data on film-screen mammography and older treatment regimens (10, 11, 13), did not 

consider changes in breast density as women age (10), and/or did not consider triennial 

intervals (8).

To fill this gap, three well-established Cancer Intervention and Surveillance Modeling 

Network (CISNET) (14) models collaborated with the Breast Cancer Surveillance 

Consortium (BCSC), a longstanding network of six U.S. breast imaging registries with 

linkages to tumor and pathology registries (15), to evaluate varying screening intervals for 

digital mammography among subgroups of women based on age, risk, and breast density. 

Outcomes were projected for women who were either 50 (or 65) and deliberating whether to 

initiate (or continue) biennial screening until age 74 or, alternatively, to undergo annual or 

triennial screening. Study results are intended to inform discussions about implementing 

tailored breast cancer screening intervals to maximize the benefits while minimizing the 

harms of screening.
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Methods

Overview of Breast Cancer Screening Strategies

The study included three microsimulation models—Model E (Erasmus Medical Center, 

Rotterdam, Netherlands), Model G-E (Georgetown University Medical Center, Washington, 

DC; Albert Einstein College of Medicine, Bronx, New York), and Model W (University of 

Wisconsin-Madison, Madison, Wisconsin; Harvard Medical School, Boston, Massachusetts)

—and was either exempt from human subjects review or approved by review boards at each 

institution.

Models used a lifetime horizon to evaluate screening strategies for two populations—women 

aged 50 and starting screening for the first time, and women aged 65 who had undergone 

biennial screening from ages 50 to 64. We selected these ages because there is general 

consensus on screening in the 50s; and age 65 since increasing competing mortality and 

decreases in breast density might alter the balance of benefits and harms.

Strategies for each age group varied by screening interval (annual, biennial, and triennial) 

and were compared to no screening. These intervals were applied to population subgroups 

based on combinations of four breast density levels [Breast Imaging Reporting and Data 

System (BI-RADS) a=almost entirely fat, b=scattered fibroglandular density, 

c=heterogeneously dense, or d=extremely dense (16)] and four exemplar relative risk (RR) 

levels based on risk factors other than breast density. The risk levels represent common risk 

factors considered alone or in combination: 1.0 (“average”); 1.3 (e.g., postmenopausal 

obesity (17–27)); 2.0 (e.g., history of benign breast biopsy (25–28)); and 4.0 (history of 

lobular carcinoma in situ (25–29))(Appendix Table 1). Populations with risk suggestive of 

BRCA1/2 mutations were not included in these analyses.

Model Overview

The models shared common inputs but employed different structures and underlying 

assumptions (Appendix Table 2) (8, 14). Models started with estimates of age-specific breast 

cancer incidence (22) and stage- and estrogen receptor(ER)/human epidermal growth factor 

receptor 2(HER2)-specific survival trends (30) without screening or adjuvant treatment. 

Incidence in the absence of screening was calibrated from an age-period-cohort model that 

accounts for changes in underlying risk, e.g., secular patterns in postmenopausal hormone 

use (31). Tumors had a range of pre-clinical time periods during which they could be 

detected by screening (i.e., sojourn times). Data on screening and ER/HER2-specific 

adjuvant treatment were added to generate breast cancer-specific incidence and mortality 

(14). Models have been validated using the AGE trial (8). Screen detection of cancer during 

the preclinical detectable period could result in the identification and treatment of earlier 

stage or smaller tumors and lead to breast cancer mortality reduction (Appendix Figure 1). 

All models assumed that a portion of DCIS was non-progressive and not lethal; Model W 

also considered that some small invasive cancers would not progress.
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Model Input Parameters

The models used a common set of age-specific variables for population demographics (32), 

breast cancer natural history and risk (30, 31, 33–36), digital mammography (37, 38), breast 

density, treatment (39–41), mortality (30), costs (42, 43), and quality of life (Table 1 and 

Appendix Table 2) (14, 44–46). Each model also included parameters to represent 

preclinical detectable times, lead-time, and age- and ER/HER2-specific stage distribution in 

screen- vs. non-screen-detected women on the basis of their specific model structure. These 

model-specific parameters were based on assumptions about combinations of values that 

reproduced US trends in incidence and breast cancer-specific mortality from 1975–2010 in 

the SEER Program (47). To isolate the efficacy of varying screening strategies, all models 

assumed 100% adherence to screening and receipt of the most effective treatment.

The population included women born in 1970 and followed until death. This birth cohort 

was chosen since they experience modern conditions (e.g., digital mammography 

performance, treatment effectiveness, competing mortality, etc.) and for consistency with 

recent collaborative modeling reports (8). In each simulation, subgroups of women were 

followed from age 25 until death or age 100. Subgroups were defined based on combinations 

of four RR levels (1.0, 1.3, 2.0 and 4.0) and four breast density levels with the combination 

of risk from breast density and other factors treated multiplicatively. The risk level modified 

the underlying breast cancer incidence in the absence of screening. We assumed that risk-

level was constant over age and did not affect other model parameters. Women were 

assigned to either the same breast density category or to the next lower category at ages 50 

and 65 based on observed age-specific prevalence in the BCSC (27, 48). Density also 

affected mammography performance (Table 1 and Appendix Table 3).

Digital mammography sensitivity and specificity were based on age, initial or subsequent 

screen, screening interval, and breast density using BCSC data (Table 1 and Appendix Table 

3). Models GE and W used these data for calibration, and Model E fit estimates from the 

BCSC and other sources (35). Specificity data were used to estimate false-positive 

mammogram rates. BCSC rates of biopsy recommendations were applied to these estimates 

to calculate the number of benign biopsies.

Treatment effectiveness was based on clinical trials and was modeled as a reduction in 

mortality risk (Model G-E) or increase in the proportion cured (Models E and W) as 

compared with age-, stage-, and ER/HER2-specific survival in the absence of therapy (39). 

Women died either of breast cancer or other causes.

Screening Outcomes

Primary outcomes were lifetime benefits and harms; secondary outcomes were use of 

services and costs. Benefits included breast cancer deaths averted and life-years (LY) and 

quality-adjusted life-years (QALY) gained. QALYs were based on utilities for the general 

US population estimated both with and without adjustments for undergoing a screening 

exam (−0.006 for 1 week per exam = −1 hour per exam) and having a positive screening 

result and undergoing diagnostic evaluation (−0.0105 for 5 weeks = −8.8 hours). 

Adjustments were also made for breast cancer treatment (Table 1).
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Harms included false-positive mammograms, benign biopsies, and over-diagnosis. The rate 

of false-positive mammograms was the number of mammograms read as abnormal in 

women without cancer divided by the total number of screening mammograms. Benign 

biopsies were defined as a biopsy recommendation among women with false-positive 

screening results (49). Over-diagnosis was defined as screen-detected cancer that would not 

have been diagnosed in a woman’s lifetime in the absence of mammography (14, 50).

Costs were estimated based on the number of mammograms, evaluation of positive 

mammograms including additional imaging and/or biopsy among cancer cases and those 

with false-positives, and stage-specific cancer treatments based on Medicare reimbursement 

schedules and published studies, reported in 2014 US dollars (Table 1).

Analysis

For each age group modeled (≥50 and ≥65) there were 16 possible population subgroups 

based on combinations of risk and density. Benefits and harms for each strategy were 

compared to no screening for each 1,000 women screened. No screening was assumed to 

occur prior to age 50 in all analyses. Screening strategies for women aged 65–74 assumed 

women received biennial mammograms during ages 50–64. We report the median benefits 

and harms and the range across models as a measure of uncertainty. In secondary analyses, 

the ratio of false-positive mammograms to breast cancer deaths averted was calculated as 

one metric of the trade-offs of harms to benefits. Finally, we estimated the incremental costs 

per QALY for each strategy and population risk/density subgroup. For this estimate, the 

change in cost was divided by the change in benefit (e.g., QALYs) when each more costly 

screening strategy was compared with the strategy of next lowest cost within the subgroup. 

Costs and QALYs were discounted at 3% per year and QALYs included screening and work-

up adjustments. Screening strategies were considered cost-effective with a common 

threshold of $100,000 per QALY gained (51).

Role of the Funding Source

The National Cancer Institute funded this research and had no role in the design and conduct 

of the study; collection, management, analysis, or interpretation of the data; preparation, 

review, and approval of the manuscript; or the decision to submit the manuscript for 

publication.

Results

The results of all three models illustrate that across intervals and age groups, screening (vs. 

no screening; Appendix Table 4) had a greater absolute benefit in terms of breast cancer 

deaths averted, LYs, and QALYs among two groups of women: those with dense breasts and 

those at higher RR within each breast density group (Tables 2 and 3). Adjustments for 

screening harms did not affect the QALY ordering of screening strategies.

Women Starting Screening at Age 50

For all screening intervals, as risk and breast density increased, the benefits (breast cancer 

deaths averted, life expectancy and quality-adjusted life expectancy) of screening increased 
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and the harms (false positives, benign biopsies and over-diagnosis) decreased with greater 

risk (Tables 2, 3 and 4).

Among women at average risk (RR= 1.0–1.3) and fatty (BI-RADS=a) or scattered 

fibroglandular (BI-RADS=b) density, screening biennially from 50–74 compared to no 

screening averted a median of 4.1–6.5 breast cancer deaths in 1000 women screened, 

respectively (Table 2). Screening outcomes were similar for triennial screening of average-

risk and low-breast density groups compared to no screening; the median breast cancer 

deaths averted were 3.4–5.1 for every 1000 women screened. Screening triennially 

compared to biennially for the average-risk and low-density groups resulted in a median of 

21–23% fewer false-positive mammograms, 13–17% fewer benign biopsies, and 8–20% 

fewer over-diagnosed cases, respectively (Table 4). If RR increased to 2 among those with 

fatty or scattered fibroglandular density breasts, then triennial screening resulted in a median 

of 1.6 or 2 fewer breast cancer deaths averted per 1000 screened, respectively, compared to 

biennial screening. Thus, 1000 women would undergo 9 rounds of screening to avert 6.4–7.2 

deaths from breast cancer with 471–734 false-positives and 76–118 biopsies for triennial 

screening versus 13 rounds of screening to avert 8.0–9.2 deaths from breast cancer with 

598–963 false-positives and 89–143 biopsies.

The benefits of more frequent screening increased as density increased and as RR increased 

to 2 or more. For instance, biennial screening from ages 50–74 years among subgroups with 

a RR=2 and heterogeneously dense breasts (BI-RADS=c) resulted in a median of 10.6 breast 

cancer deaths averted and 1125 false-positive mammograms per 1000 women screened 

compared to no screening. If this group of women had been screened annually rather than 

biennially, a median of 3.7 more deaths could have been averted but with almost 2-fold more 

false-positive mammograms (1984 vs. 1125 per 1000 screened). Breast cancer deaths 

averted per 1000 screens were highest with annual screening for women ages 50–74 years 

with all levels of breast density and RR of 4.0 ranging from 17.2 breast averted for women 

with fatty breasts to 20.5 for women with extremely dense breasts (BI-RADS=d).

The ratio of harms to benefits for subgroups with different levels of risk and density 

screened during ages 50–74 is graphically illustrated for an exemplar model on Figure 1 

(panel A). Compared to the ratios projected for biennial screening of average-risk women 

from ages 50–74 years irrespective of breast density, annual screening has a comparable or 

better ratio when RR is ≥2 across all density groups. Triennial screening has comparable or 

better ratios of harms to benefits than biennial screening for average risk women irrespective 

of breast density for nearly all of the risk-density subgroups because false-positive 

mammograms are reduced with triennial screening and the magnitude of breast cancer 

deaths averted is similar or slightly lower than with biennial screening.

Women at Age 65

The different screening intervals during ages 65–74 had similar patterns of benefits and 

harms across subgroups as observed for screening during 50–74 but with lower absolute 

magnitudes (Tables 2–4; Figure 1, panel B). If women changed from biennial to triennial 

screening at age 65, there were fewer than a median of 1 less death averted per 1000 women 

screened for all RR and density subgroups, except the RR of 4 and heterogeneously or 
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extremely dense subgroups where there was a median of 1.4 fewer breast cancer deaths 

averted (Table 2). For example, continuing biennial screening among women with average-

risk (RR= 1.0–1.3) and fatty breasts or scattered fibroglandular density breast density 

averted a median of 1.8–2.6 deaths, respectively for every 1000 women screened (Table 2) 

whereas switching to triennial screening averted a median of 1.5–2.1 deaths. Switching from 

biennial to annual screening increased the median breast cancer deaths averted to 2 or more 

for women with heterogeneously or extremely dense breasts and RR of 4.

As was the case for screening from 50–74, the ratio of harms (measured as false-positives) 

to benefits (breast cancer deaths averted) for annual screening during 65–74 was similar to—

or better (lower) than—screening average risk populations biennially if RR=2 or greater in 

all density subgroups; exceptions were rare (Figure 1, panel B). Triennial screening also had 

a lower or more favorable ratio than biennial screening, because false-positive mammograms 

are reduced and the magnitude of breast cancer deaths averted is similar or slightly lower; 

continuing biennial screening has a similar balance as triennial for most subgroups as seen 

for average-risk groups, irrespective of breast density.

Cost-Effectiveness

Using a common threshold of $100,000 per QALY, triennial strategies were the only cost-

effective strategies for subgroups with both average-risk and low-density (fatty breasts or 

scattered fibroglandular density) at both ages (Table 5). Biennial strategies were cost-

effective for most density subgroups and average/intermediate risk (RR=1.3, 2.0). Annual 

strategies were only consistently cost-effective across models for subgroups with RR=4 and 

any density, or RR≥2 and heterogeneously or extremely dense breasts.

DISCUSSION

This collaborative modeling study demonstrates that risk and density level can be useful for 

guiding tailored screening recommendations. For average risk women in the low density 

subgroups, which comprise a large proportion of the population, triennial screening provides 

a reasonable balance of benefits and harms and is cost-effective. Annual screening has a 

favorable balance for subgroups of women at age 50 with risk levels two to four times the 

average and heterogeneously or extremely dense breasts, and also would be considered cost-

effective for these subgroups. Benefits of screening women with heterogeneously dense 

breasts (at any interval) were greater than screening women with extremely dense breasts 

within each risk level, reflecting increased risk but fewer missed cancers compared with 

screening women with extremely dense breasts. The same patterns are seen for women at 

age 65, such that subgroups with average-risk and low density can consider triennial 

screening, while the small number of women that remain at higher risk might benefit from 

annual screening. Notably, biennial screening maintains an acceptable balance of screening 

outcomes and is also cost-effective for women of RR=1.3 or 2 as long as they are not in the 

highest density groups. Finally, screening benefits and harms exist on a continuum across 

age, risk, and density with the optimal screening interval depending on patient values and 

preferences for benefits and harms.
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Current US screening guidelines focus on the average-risk population and generally 

recommend biennial screening for women in their 50s or older (3, 4). These new modeling 

results support this recommendation for women in the population who do not have either 

higher than average risk and high density or average/low risk and density. Annual screening 

has been suggested for high-risk women (4). The current results provide further guidance on 

the specific combinations of RRs and breast density after age 50 that identify the subgroups 

where annual screening should be considered; these subgroups are estimated to constitute 

<1% of the population at both age 50 and 65 (Personal communication, BCSC, 2016).

While triennial screening is routinely employed in several countries (52, 53), this interval 

has not been considered in the US. Our modeling suggests that triennial screening has a 

comparable balance of benefits and harms as biennial screening in some groups. Decisions 

about using triennial vs. biennial screening for average risk women in the low density groups 

results in fewer false-positives, biopsies, and over-diagnosis with minimal impact on breast 

cancer deaths averted. Others have noted that triennial screening can be cost-effective for 

women aged 60–79 years with fatty or scattered fibroglandular density at average risk or 

RR≤2 (10, 11). Subgroups with low density (fatty and scattered fibroglandular densities) and 

RR=1.0–1.3 are 12% of 50-year old women and 20% of 65-year-old women (Personal 

communication, BCSC, 2016).

Breast cancer screening guidelines include an upper limit based on age or life expectancy (3, 

4, 54). While we did not evaluate comorbidity, our study results suggest that screening 

intervals for older women should consider their competing causes of mortality, breast cancer 

risk and changes in density associated with aging.

The ability to tailor screening based on density may become increasingly feasible with the 

trend towards mandated standard reporting of breast density to women after a mammogram. 

Since our results demonstrate that the RR of breast cancer in combination with breast 

density has a strong influence on the net benefit of mammography at all screening intervals, 

evaluation of different risk assessment tools will be important in this context.

While the models provide new data and have consistent conclusions, several caveats should 

be considered. First, while the three models used common inputs, they varied in how these 

data were implemented based on model structure. These variations led to differences in the 

absolute values for outcome metrics. For instance, based on assumptions about temporal 

trends in underlying incidence, models with the lowest projected incidence estimate fewer 

breast cancer deaths averted than the models with higher incidence. This analysis includes 

three of six CISNET breast models and is an extension of work conducted by all six groups 

(8). Second, since the analytic goal was to determine screening efficacy, the models assumed 

100% adherence to screening and use of the most effective modern treatments. Actual 

benefits will fall short of those projected under these assumptions. Next, we did not 

explicitly consider lower-than-average risks (i.e., RR<1). It will be important to extend our 

analyses to lower risk groups since most U.S. women have RR<1 across all density 

subgroups (70% of women at age 50 and 66% at age 65; Personal communication, BCSC, 

2016). By extension our current findings suggest that triennial screening would be a 

reasonable option for lower-than-average risk subgroups among women with fatty or 
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scattered fibroglandular density. We also did not model the impact of screening from ages 

40–49, other combinations of ages and intervals, or BRCA1 /2 carriers. It is unclear whether 

the lack of strategies incorporating screening women in their forties would impact the 

balance of benefits and harms against longer (or shorter) screening intervals after age 50. 

While two age groups and change in density between age groups was considered, these 

results do not provide guidance for women who experience a change in risk over time; 

modeling change in risk with aging is an important area for future research. In addition, we 

used RR rather than absolute risk level since our simulation models were better suited for 

this approach. Absolute risk calculators are commonly available (27, 55–57) and the 

suitability of these calculators to assign risk to personalize screening intervals should 

continue to be evaluated. Finally, we did not evaluate alternative or supplemental imaging.

Overall, this comparative modeling study illustrates consistent patterns in benefits and harms 

that could be useful for guiding shared decision-making and tailoring screening intervals. 

The results demonstrate that for all screening intervals, benefits and harms change with risk 

and breast density and the threshold to decide on screening interval will depend on 

individual women’s preferences (1). Assessing breast density and breast cancer risk can 

identify subgroups of average-risk/low-density women who can consider triennial screening 

and higher-risk/high-density women who may benefit from annual screening.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
False-positives mammograms per breast cancer death averted for women (A) aged 50–74 

and (B) aged 65–74 according to screening frequency and risk level (relative risk group, 

breast density) using an exemplar model (Model E). Values for all screening frequencies 

compared to the scenario with no mammography screening. Values for ages 65–74 assume 

all women received biennial screening during ages 50–64. Dashed lines show this value for 

women with average density and average risk receiving biennial screening (147.7 for ages 

50–74 and 105.8 for ages 65–74). Having fewer false-positives per death averted than this 

level, i.e., a value below the dashed line, would be more favorable.
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Table 1

Model Input Parameters

Parameter Description Data Source

Population Demographics

Birth cohorts 1970 birth cohort (32)

Natural History of Breast Cancer

Incidence in the absence of 
screening

An age-period-cohort model is used as a starting point for calibration 
to observed SEER Program rates.

(31)

Stage distribution Stage distribution among clinically-detected and digital screen-
detected women by age group (<50, 50–64, ≥65 years), screening 
round (first, subsequent), and screening interval (annual, biennial, 
triennial).

BCSC data from 1994–2013 
(digital from 2003–2013)

ER/HER2 joint distribution Probability of ER/HER2 conditional on age and stage at diagnosis. BCSC

Sojourn time Sojourn time by joint ER/HER2 status and age. (30)

Mean stage dwell time/tumor growth 
rates

Varies by models; can vary by age and/or ER/HER2 status. (33–35)

Breast Cancer Screening

Mammography use Assume all women are screened by digital mammography. (37, 38)

Sensitivity/detection rates of digital 
screening

Sensitivity of initial and subsequent digital mammography by age 
group, screening interval (annual, biennial, triennial), and breast 
density. See Appendix Table 3.

BCSC

Specificity False-positive mammograms are calculated as the difference between 
the overall number of positive mammograms in a screening scenario 
minus the number of positive mammograms among breast cancer 
cases.

BCSC

Prevalence of breast density Prevalence of breast density (BI-RADS a, b, c, d) by age group. 
Density is assigned at age 40 years and can decrease by one level or 
remain the same at age 50 years and again at age 65 years.

BCSC

Risk levels for density Risk of breast cancer based on BI-RADS relative to average density 
by age group.

BCSC

Risk levels for factors other than 
density

RR=1 is used at the referent for average population. RR=1.3, 2.0, and 
4.0 are used as levels associated with common risk factors.

(36)

Breast Cancer Treatment

Treatment use Assume receipt of and adherence to the most effective available 
treatment specific to age, stage and ER/HER2 status.

1997–2010 (40, 41)

Treatment effects Meta-analyses of clinical trial results. (39)

Survival

Breast cancer survival 26-year breast cancer survival before adjuvant treatment by joint ER/
HER2 status, age group, and AJCC/SEER stage or tumor size

(30)

Non-breast cancer mortality Age- and cohort-specific all-cause mortality rates by year. Vanness D, Personal 
communication, 2015

Costs

Screening mammogram $138.28 Medicare reimbursement
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Parameter Description Data Source

Work-up after false-positive 
mammogram

Imaging costs: $141.42 (all ages). Biopsy costs by age: $1,354.05 for 
ages 50–64; $1,361.39 for ages 65–74; and $1,442.19 for ages 75–
100. Biopsies applied to 10.6% of women screened within each age 
group.

(42)

Work-up after true positive 
mammogram

By age: $2,154.58 for ages 50–64; $2,166.52 for ages 65–74; and 
$1,826.80 for ages 75–100.

(42)

Breast cancer treatment By stage during initial treatment: $13,695.67 for DCIS and local 
stage; $25,893.77 for regional stage; and $39,990.86 for distant 
stage. During the last year of life among women with cancers that 
were not cured/progressed, depending on stage at diagnosis: 
$37,070.10 for DCIS and local stage; $43,878.64 for regional stage; 
and $61,544.91 for distant stage.

(43)

Utilities

Healthy women Age-specific quality of life utilities among women without breast 
cancer.

(45)

Screening mammogram 0.994 for 1 week (44)

Diagnostics after positive 
mammogram

0.895 for 5 weeks (44)

Cancer treatment By stage: 0.9 for 2 years for DCIS and local stage; 0.75 for 2 years 
for regional stage; and 0.6 until death for distant stage.

(46)

Abbreviations: AJCC, American Joint Committee on Cancer; BCSC, Breast Cancer Surveillance Consortium; BI-RADS, Breast Imaging Reporting 
and Data System; DCIS, ductal carcinoma in situ; ER, estrogen receptor; HER2, human epidermal growth factor 2; RR, relative risk; SEER, 
Surveillance, Epidemiology, and End Results.

Note: Not all models use all parameters; some models use parameters as direct inputs and others use them as a target for calibration or other 
estimation (See Appendix Table 2).
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