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Abstract

Purpose—To estimate the cost-effectiveness of breast cancer screening in the National Breast
and Cervical Cancer Early Detection Program (NBCCEDP).

Methods—Using a modified CISNET breast cancer simulation model, we estimated outcomes
for women aged 40-64 years associated with three scenarios: breast cancer screening within the
NBCCEDP, screening in the absence of the NBCCEDP (no program), and no screening through
any program. We report screening outcomes, cost, quality-adjusted life-years (QALYS),
incremental cost-effectiveness ratios (ICERs), and sensitivity analyses results.

Results—Compared with no program and no screening, the NBCCEDP lowers breast cancer
mortality and improves QALYS, but raises health care costs. Base-case ICER for the program was
$51,754/QALY versus no program and $50,223/QALY versus no screening. Probabilistic
sensitivity analysis ICER for the program was $56,615/QALY [95% CI $24,069, $134,230/QALY]
versus no program and $51,096/QALY gained [95% CI $26,423, $97,315/QALY] versus no
screening.

Conclusions—On average, breast cancer screening in the NBCCEDP was cost-effective

compared with no program or no screening.

Keywords
Breast cancer; Screening; Cost-effectiveness; Economic analysis; NBCCEDP

Introduction

Despite documented effectiveness of mammography screening in the early detection and
mortality reduction of breast cancer [1-6], not all women receive or have access to breast
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cancer screening. Uninsured women are less likely to receive mammography screening and
more likely to present with advanced-stage cancer than insured women [7-9].

The Centers for Disease Control and Prevention (CDC) National Breast and Cervical Cancer
Early Detection Program (NBCCEDP) provides free or low-cost breast cancer screening to
medically underserved women aged 40-64 years who have an annual income < 250% of the
federal poverty level. Since inception in 1991, the NBCCEDP has provided screening and
diagnostic examinations to more than 5.3 million women, diagnosing about 63,000 invasive
breast cancers and 20,000 premalignant breast lesions [10]. Through a network of providers,
health care systems, and partner organizations, the program fills a gap in education,
outreach, and service delivery to uninsured or underinsured women in the United States
(U.S.) [11]. A previous study estimated that presence of the NBCCEDP saved 100,800 life-
years compared to no program and 369,000 life-years compared to no screening among the
1.8 million women screened through the NBCCEDP between 1991 and 2006 [12]. Program
successes have also been evaluated using benchmarks of timeliness of care, provision of
effective screening and diagnostic services, case management, and partnerships [11, 13, 14].

While the reported benefits of the program are substantial [11, 12], the operational and
service delivery costs of the NBCCEDP are also substantial [15]. During the past decade, the
average federal budget for the NBCCEDP was about $144 million per year. Additionally,
each grantee matched their federal funding with supplemental contributions and non-federal
funds ($1 per every $3 of federal funding received), as required by the Breast and Cervical
Cancer Mortality Prevention Act of 1990 (Public Law 101-354) to conduct various,
screening, quality assurance, public education, and outreach activities [11]. Over the past 25
years of the program’s existence, the program and its partners have also invested through in-
kind donations [15].

Given constrained resources for public health programs and changes in insurance coverage
after the implementation of the Affordable Care Act (ACA), it is important to ascertain the
baseline value of health care provided from public health programs like the NBCCEDP as a
measure of program evaluation. Cost-effectiveness analysis (CEA) is a methodologic tool
particularly suited for comparative evaluations in terms of cost and outcomes of programs
[16, 17]. In this study, we build on a prior analysis [12] using data from the early years of the
NBCCEDP to estimate incremental cost-effectiveness of breast cancer screening within the
NBCCEDP compared to scenarios of breast cancer screening with no program or no
screening, taking the societal perspective.

Model structure

We used a decision analytic-simulation model to analyze three scenarios: (1) women who
received screening from the NBCCEDP (hereafter Program), (2) women who potentially
received screening through another source in the absence of the program (No Program), and
(3) women who received no screening at all through any source (No Screening). We
modified a breast cancer screening model developed by researchers at Stanford University
(Plevritis et al. [20]) as part of the Cancer Intervention and Surveillance Modeling Network
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(CISNET) [18-20]. The model examines lifetime probability of developing breast cancer,
screening, early detection, treatment effects, and mortality from breast cancer and other
causes.

Consistent with our previous analysis [12], the model cohort simulated the age distribution
of the 1.8 million women who received screening mammograms covered by NBCCEDP
between 1997 and 2006. Data on women screened within the NBCCEDP were unavailable
prior to 1997. For each scenario, 2 million women were randomly drawn from the
NBCCEDP by birth year and age distributions. Two million was the number needed for the
model to converge. In each simulation, the model followed an individual woman in the
cohort through death from breast cancer or other causes.

Model inputs and key assumptions

The model’s natural history module determines a woman’s lifetime probability of
developing invasive breast cancer and the age of clinical detection in the absence of
screening [12]. We derived these inputs from CISNET estimates [12, 21].

The screening history module produces a woman’s simulated screening history, starting with
age of first mammogram (if any), which were based on the woman’s age and birth cohort.
Intervals between subsequent mammograms were determined from distributions based on
whether the woman was screened on an annual, biennial, or irregular basis. We defined these
categories from the estimated mean time between mammograms; annual screening was < 1.5
year; biennial was 1.5 to < 2.5 year; and irregular was 2.5 year or more. To generate
screening history under the NBCCEDP, we modified the CISNET base-case code [18, 22]
by combining it with NBCCEDP data to estimate age at first mammography within the
program and screening intervals. For mammaography screening in the absence of NBCCEDP,
we estimated the proportion of uninsured women who received mammograms using data
from the 1990-2005 National Health Interview Survey.

Our model incorporated the CISNET model assumptions about early detection and treatment
effects [22, 23]. Briefly, we randomly assigned each woman with breast cancer a survival
time based on breast cancer survival curves, accounting for age, tumor diameter and stage at
detection, estrogen receptor status, and treatment. We assumed the woman died from breast
cancer if the sum of her age at detection and survival time was earlier than her estimated
date of death from other causes; we randomly assigned dates of death based on general U.S.
mortality rates. We subtracted breast cancer mortality rates from general mortality rate using
CISNET methods [12].

Our model accounted for the time between screening and diagnostic follow-up for women
with abnormal screening results. Consistent with model assumptions of prior studies [12,
24], the rate of diagnostic follow-up for program participants was assumed to be higher
(92% vs. 77%) and the wait time until diagnostic test shorter (25 vs. 42 days) than
previously estimated by Raich et al. [25] and Hoffman et al. [26] for low-income uninsured
women outside the program. Details on these assumptions are described in Allaire et al.
[24]. In our CEA, we also added breast cancer screening, diagnostic, and treatment costs and
health state utility decrements associated with diagnosed breast cancer.
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We estimated the average cost of breast cancer screening and diagnosis (Table 1) using the
NBCCEDP Cost Assessment Tool (CAT) [27]. We averaged total costs and the number of
women screened over the 3 years of CAT data collection to minimize the effects of yearly
variation. Further details appear in the Online Appendix.

Breast cancer treatment costs were based on treatment stage (initial, continuing, and
terminal), tumor stage at diagnosis (localized, regional, and distant), and age.Baseline
attributable costs for breast cancer treatments covered by Medicare, by treatment stage, were
derived from Mariotto et al. [28]. We adjusted costs for tumor stage using ratios obtained
from Fireman et al. [29]; and we adjusted treatment costs for women aged < 65 years to
reflect Medicaid rates, as most women diagnosed with breast cancer in the NBCCEDP are
treated by Medicaid, as covered under the Breast and Cervical Cancer Prevention and
Treatment Act of 2000 [11]. Derivation of treatment costs is detailed in Online Appendix.

Quality of life/health state utilities

Outcomes

Health state utility decrements vary by time frames since detection (initial, continuing, and
final year of life); these were derived from Yabroff et al. [31]. Decrements were 0.07 in the
first year after detection, 0.04 in subsequent non-terminal years (up to a maximum of 10
years), and 0.08 in the final year for women who die from breast cancer.

Building on Hoerger et al. [12], the main outcomes of this CEA include: estimates of
screening history, breast cancer incidence, screening or clinical detection, stage at detection,
costs, life-years, quality-adjusted life-years (QALYS), and incremental cost-effectiveness
ratios (ICERs). The model was developed and analyzed in TreeAge Pro 2009 (TreeAge
Software Inc, Williamstown, MA). Costs are reported in 2018 U.S dollars; costs and QALY's
are discounted at a 3% annual rate. This model takes the societal perspective [17].

Sensitivity analyses

We conducted deterministic and probabilistic sensitivity analyses (PSA) to test whether the
main results of the model changed when key model assumptions and inputs were varied. We
performed one-way sensitivity analyses on select parameters: screening frequency, median
tumor diameter for screening detection, breast cancer incidence, efficacy of treatment,
potential benefits from earlier detection with symptoms, treatment follow-up rates, screening
and diagnostic costs, treatment costs, and patient utilities. Each sensitivity analysis was
based on cohort size of 500,000 women.

To determine the sensitivity of the model to uncertainty, we conducted PSAs, which
simultaneously vary the input parameters according to specified distributions. Probabilities
were modeled using beta or Dirichlet distributions. Costs were assumed to follow gamma
distributions. Uniform distribution was used for median detection threshold and beta
distributions for patient utility decrements [16]. PSA was conducted with 200 random
samples from input distributions and the microsimulation model evaluated with 10,000
simulated women. Results from these analyses are presented as cost-effectiveness

Cancer Causes Control. Author manuscript; available in PMC 2020 February 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rimetal.

Results

Page 5

acceptability curves (CEACS) in the Online Appendix. Although an appropriate cost-
effectiveness threshold continues to be a subject of debate, $50,000/QALY is a conservative
threshold often cited in the U.S [17]. Other thresholds of $200,000/QALY to $300,000/
QALY have also been suggested based on trends in healthcare spending [17]. The U.S.
Department of Health and Human Services does not advocate for or abide by any specific
threshold.

Base-case results

In the base-case analysis (Table 2), breast cancer mortality was 3.53, 3.93, and 4.97% under
the Program, No Program, and No Screening scenarios, respectively. Overall, a slightly
higher proportion of women within the Program were diagnosed with breast cancer
(13.82%) than women under the No Screening scenario (13.30%). About 62% (8.55%/
13.82%) of breast cancers were screen-detected in the Program compared to about 48%
(6.56%/13.73%) screen-detected in the No Program scenario. The stage at diagnosis for the
majority of the screen-detected cancers in the Program and No Program scenarios was local.

Overall costs per woman were higher in the Program ($8,791) and No Program ($7,564)
scenarios compared to No Screening ($5,258) scenario (Table 2). The largest cost
differences between scenarios were for screening, followed by treatment and diagnostic
costs.

In the base-case, we found that the Program improved life-years (incremental life-years
gained was 0.025 and 0.075) and QALY (incremental QALY gained was 0.024 and 0.071)
compared to No Program and No Screening scenarios, respectively. The ICER for the
Program was $51,754 per QALY compared to the No Program and $50,223 per QALY
compared to the No Screening. ICERs per discounted life-year were slightly lower than the
ICERs per QALY since estimated life-years gained exceed QALY gained.

Sensitivity analyses

Results of one-way sensitivity analyses are presented in Figs. 1 and 2. The Program ICER
versus No Program (Fig. 1) was most sensitive to screening costs and screening frequency.
Lower screening cost reduced incremental costs of the Program to where the ICER fell
below $40,000 per QALY. Similarly, higher screening costs increased the ICER (because of
the assumption that there are more screens in the Program versus No Program scenario). If
all Program participants received annual screening, both incremental costs and incremental
QALYs increased, and the ICER was > $50,000 per QALY. In examining sensitivity to
recent improvements in therapies and treatment effects, we reduced the mortality hazard by
30% for both clinical and screen-detected cancers at every tumor volume and clinical stage.
The result was an increased Program ICER ($72,801 per QALY). Increasing the detection
threshold to 15 mm also increased the ICER to $70,959 per QALY. Utility parameters, the
ductal carcinoma in situ (DCIS) reduction factor, and treatment costs impacted the ICER
minimally. Compared with the No Screening scenario (Fig. 2), Program ICER was most
sensitive to changes in screening costs and screening detection threshold.
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PSA results are presented in Table 3. The estimated mean Program ICER versus No
Program was $56,615 per QALY [95% CI: $24,069, $134,230/QALY] and $51,096 per
QALY [95% CI: $26,423, $97,315/QALY] versus No Screening. The CEACs from the PSA
(in the Online Appendix) show the probability that the Program was cost-effective based on
the societal willingness-to-pay thresholds per QALY.

Discussion

We examined the cost-effectiveness of breast cancer screening in the NBCCEDP. Our results
from the CEA suggest that compared to scenarios in which screening occurs in the absence
of the program and where no screening occurs, breast cancer screening in the NBCCEDP
improves QALYs and was cost-effective among the target population of low-income,
uninsured women aged 40-64 years. The base-case ICER for the program was $51,754/
QALY compared to no program and $50,223/QALY compared to no screening; there was a
wide variation in PSA ICERs and some ICERs fell outside of the conservative threshold
[17]. However, even at the conservative willingness-to-pay decision threshold of $50,000/
QALLY, the probability that the program is cost-effective is about 0.7 (compared to no
program and compared to no screening). Our findings are among the limited number of
economic evaluations to date to quantify the estimated gains of breast cancer screening in
the NBCCEDRP [3, 12, 33-35], especially for women who would otherwise not have access
to screening if the program did not exist. This study provides a retrospective look at the
health and economic outcomes of the program’s recent past to inform future population-
based economic analyses of the program.

Our analysis was performed using data prior to the full implementation of the ACA in 2014.
Still, in the current environment and even as the discussions around health care delivery
continue to shift, there are important lessons to garner from our findings. In perspective, the
NBCCEDP is a unique public health initiative and the only organized, national cancer
screening program for low-income, uninsured, or underinsured women in the U.S [11]. The
NBCCEDP supports a comprehensive range of services that help women access high-quality
healthcare (i.e., public education, outreach, case management/patient navigation, clinical
service delivery, follow-up, and treatment referrals) to systems-relevant operational activities
that include data management, evaluation, tracking, and quality assurance of clinical and
service delivery data [11]. A key service of the NBCCEDP is ensuring that high-quality
screening and diagnostic services are provided appropriately and within a reasonable
timeframe. For example, per predefined NBCCEDP quality standards, a woman with an
abnormal screening test should have complete diagnostic evaluation within 60 days and
subsequently should initiate treatment within 60 days after diagnosis [14]. This is critical
given that uninsured women, ethnic minorities, and women with lower socioeconomic status
are more likely to have delayed and incomplete follow-up after an abnormal screening result
[14]. Although our study found the NBCCEDP to be cost-effective to society, the main
intent of the NBCCEDP is to address health disparities and provide a service to medically
underserved groups who may not have access to the current health care system. The two
decades of experience of the NBCCEDP in both reaching and tracking women offer insight
into relevant and transferable lessons-learned about proven strategies that can guide other
health systems across the U.S. The program has demonstrated success in reducing mortality
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from breast cancer [33, 34] and improving quality of life [24]. Our findings show that breast
cancer screening in the program can be cost-effective at the $50,000/QALY threshold
(though these thresholds are somewhat arbitrary and are often exceeded in clinical practice).
Given the increasing incidence rate of breast cancer among U.S. women [36] and the rising
cost of healthcare, evaluating cost-effectiveness of programs and interventions are important
and intrinsic to understanding value gained from such “what is” and “what if” scenarios
[17].

National data suggest that health insurance reform has reduced the number of uninsured
persons in the U.S. [37, 38], with 60% of the reduction in uninsured rate being attributed to
expanded Medicaid coverage [38]. Even still, given that about one-third of U.S. states
elected not to expand Medicaid, a sizable proportion of low-income adults are likely in a
coverage gap and potentially in need of services like those provided by the NBCCEDP [39].
Even if coverage is available through the program, there are layers of challenges for women
to obtain breast (and cervical) cancer screening such as limited reach of the program,
geographic isolation, transportation issues, limited health literacy, or language proficiency
[3, 10, 11, 34]. Building upon its infrastructure and community-clinical linkages, the
NBCCEDP focus and population-based approach of reaching the difficult-to-reach women
for these services are significant hallmarks of the program. Moving forward, various
elements of the NBCCEDP model (such as patient navigation) will likely continue to be
valuable in offering timely, quality cancer screening to medically underserved women and in
improving life-years and health outcomes. A study by Allaire and colleagues reported on the
beneficial effects and cost-effectiveness of patient navigation services within the NBCCEDP
[24].

Our analysis uniquely estimates overall NBCCEDP cost-effectiveness of breast cancer
screening for low-income, uninsured women. A major strength of our study is that we
modified a validated CISNET breast cancer screening model [12, 18-20] and used program-
specific cohort and cost information as model inputs. This study also has several limitations.
First, as with all CEA, findings are limited by gaps in evidence on model parameters and the
assumptions adopted in the study [16, 17]. Input data are largely from earlier years of the
program, 1991-2006, and there is a wide variation between programs funded by the
NBCCEDP and cost data by state. Second, the reported results are based on a simulation
model, not on results from a clinical trial or a longitudinal study. Randomization in a clinical
trial that denies screening to some uninsured women is unlikely to occur for ethical reasons
[12]. Long-term follow-up data are not currently collected on program participants. Third,
we focused on screening mammograms for asymptomatic women; the NBCCEDP also
provides diagnostic mammograms and other diagnostic testing for women who have
symptoms of potential breast cancer. Including these services would increase the overall
benefit attributable to the NBCCEDP, although it would not affect our conclusions about the
cost-effectiveness of the breast cancer screening component of the program. Fourth, we do
not consider benefits or costs from cervical cancer screening under the NBCCEDP. Some
NBCCEDP participants are eligible for both breast and cervical cancer screening, and there
are potentially economies of scope for providing the services as a bundle [40]. Estimating
the costs and benefits associated with cervical cancer screening was beyond the scope of the
study. Lastly, we do not account for the full societal costs and benefits of the program. We
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used QALY to measure health-related importance in quality of life, but this utility measure
—although commonly used— has inherent limitations [16, 17]. One example of such
limitation is the assumption of fairness that the assessed value of life-years gained in an
intervention strategy is directly proportional to a participant’s ability to benefit from it [17].
Conclusion

Our findings suggest that breast cancer screening in the NBCCEDP is cost-effective,
although there was a wide range of variability from sensitivity analyses. Given that our
model was most sensitive to screening cost and screening frequency, important discussions
at the federal, state, and local levels are needed to understand how to maximize services (and
utility per unit cost) in an organized, cancer screening program. We offer this study as an
example of how economic data can be used to assess the benefits of an organized, national
public health program. Looking forward, similar evaluations of the program may be valuable
to cancer control planners as improvements in diagnostic tools become available and also to
health policy decision-makers as the health care environment continues to evolve.
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Tornado diagram displaying results from one-way sensitivity analyses for program versus no
program. Largest range of incremental cost-effectiveness values are shown on top; smallest
ranges are at the bottom. The values at either end of the horizontal bar are the high and low
parameter values considered in the one-way sensitivity analysis. The vertical line represents
the base-case incremental cost-effectiveness ratio of the model
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Tornado diagram displaying results from one-way sensitivity analyses for program versus no
screening. Largest range of incremental cost-effectiveness values are shown on top; smallest
ranges are at the bottom. The values at either end of the horizontal bar are the high and low

parameter values considered in the one-way sensitivity analysis. The vertical line represents
the base-case incremental cost-effectiveness ratio of the model
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