1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Prev Med. Author manuscript; available in PMC 2020 March 11.

-, HHS Public Access
«

Published in final edited form as:
Prev Med. 2019 December ; 129 Suppl: 105847. doi:10.1016/j.ypmed.2019.105847.

Estimating the impact of insurance expansion on colorectal
cancer and related costs in North Carolina: A population-level
simulation analysis

Kristen Hassmiller Lich®*, Meghan C. O'Leary?, Siddhartha Nambiar?, Rachel M.
TownsleyP, Maria E. MayorgaP, Karen Hicklin®, Leah Frerichs2, Paul R. Shafer?, Melinda M.
Davisd®ef Stephanie B. Wheeler29:h

aDepartment of Health Policy & Management, Gillings School of Global Public Health, University
of North Carolina at Chapel Hill, Chapel Hill, NC, USA

bDepartment of Industrial and Systems Engineering, North Carolina State University, Raleigh, NC,
USA

¢Department of Health Behavior, Gillings School of Global Public Health, University of North
Carolina at Chapel Hill, Chapel Hill, NC, USA

dOregon Rural Practice-based Research Network, Oregon Health & Science University, Portland,
OR, USA

eDepartment of Family Medicine, Oregon Health & Science University, Portland, OR, USA

fSchool of Public Health, Oregon Health & Science University and Portland State University,
Portland, OR, USA

9Lineberger Comprehensive Cancer Center, University of North Carolina at Chapel Hill, Chapel
Hill, NC, USA

hCenter for Health Promotion & Disease Prevention, University of North Carolina at Chapel Hill,
Chapel Hill, NC, USA

Abstract

Although screening is effective in reducing incidence, mortality, and costs of treating colorectal
cancer (CRC), it remains underutilized, in part due to limited insurance access. We used
microsimulation to estimate the health and financial effects of insurance expansion and reduction
scenarios in North Carolina (NC). We simulated the full lifetime of a simulated population of
3,298,265 residents age-eligible for CRC screening (ages 50-75) during a 5-year period starting
January 1, 2018, including polyp incidence and progression and CRC screening, diagnosis,
treatment, and mortality. Insurance scenarios included: status quo, which in NC includes access to
the Health Insurance Exchange (HIE) under the Affordable Care Act (ACA); no ACA; NC
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1.

Medicaid expansion, and Medicare-for-all. The insurance expansion scenarios would increase
percent up-to-date with screening by 0.3 and 7.1 percentage points for Medicaid expansion and
Medicare-for-all, respectively, while insurance reduction would reduce percent up-to-date by 1.1
percentage points, compared to the status quo (51.7% up-to-date), at the end of the 5-year period.
Throughout these individuals' lifetimes, this change in CRC screening/testing results in an
estimated 498 CRC cases averted with Medicaid expansion and 6031 averted with Medicare-for-
all, and an additional 1782 cases if health insurance gains associated with ACA are lost. Estimated
cost savings — balancing increased CRC screening/testing costs against decreased cancer treatment
costs — are approximately $30M and $970M for Medicaid expansion and Medicare-for-all
scenarios, respectively, compared to status quo. Insurance expansion is likely to improve CRC
screening both overall and in underserved populations while saving money, with the largest
savings realized by Medicare.

Introduction

Colorectal cancer (CRC) has the fourth highest incidence and is the second leading cause of
cancer-related death in the United States (American Cancer Society, 2017). Given the
prevalence of this disease, the economic burden associated with CRC is high and anticipated
to increase (Mariotto et at, 2011). Fortunately, routine CRC screening — for which multiple
modalities are recommended — is effective (U.S. Preventive Services Task Force et at, 2016).
Two modalities are widely used. Of these, colonoscopy is more accurate (higher sensitivity
and specificity) in detecting CRC and allows for immediate removal of any pre-cancerous
polyps found, but includes the potential risks and costs associated with an invasive exam.
Fecal testing, such as fecal immunochemical testing (FIT), can also detect CRC and can be
completed at home or in a clinical office setting. However, it must be followed by a
colonoscopy in the event of an abnormal result to confirm CRC and remove any polyps
found. Screening is recommended for average-risk individuals 5075 years of age — either a
colonoscopy every ten years or fecal testing annually (U.S. Preventive Services Task Force
etal., 2016).

Despite the ability to prevent most CRC, screening rates nationally remain relatively low,
with approximately two-thirds (67.3%) of age-eligible individuals self-reporting being up-
to-date with recommendations in 2016 (Joseph et al., 2018). This rate falls below the
Healthy People 2020 goal of 70.5% (Office of Disease Prevention and Health Promotion,
2019), and well below the National Colorectal Cancer Roundtable's target of 80% by 2018
(National Colorectal Cancer Roundtable, 2019). The gap between target and actual rates is
likely even greater, however, as self-reported screening has been shown to overestimate up-
to-datedness (Pierannunzi et al., 2013) — by 12 to 13 percentage points in North Carolina
(NC) (Hassmiller Lich et al., 2017).

There have been many efforts to improve CRC screening rates through implementation of
single and multi-pronged evidence-based interventions (EBIs) (Sabatino et al., 2012;
Dougherty et al., 2018; Davis et al., 2018). Substantial state-level financial investments have
been made to improve screening rates in diverse subpopulations, including research-
supported interventions and technical assistance projects funded by the Centers for Disease
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Control and Prevention (CDC) (Coughlin et al., 2006; Joseph et al., 2011). In a prior
analysis, we found that investing $1—4 million on top of the cost of care in NC to target CRC
screening non-compliance using current EBIs — without addressing access to care more
broadly — would have limited effects on improving CRC screening at the population level
(Hassmiller Lich et al., 2017).

Access to health insurance is an important barrier to CRC screening, as evidenced by the
substantial gap in the probability of getting screened between those with and without
insurance (National Center for Health Statistics, 2015). Among adults ages 50 to 64 years,
those with private insurance were 2.5 times more likely to be screened for CRC compared to
the uninsured in 2015 (National Center for Health Statistics, 2015). Low-income Medicaid
enrollees, who are known to have relatively low screening rates, also have higher rates than
the uninsured (Medicaid and CHIP Payment and Access Commission, 2016; Davis et al.,
2017). Improved access to insurance will likely reduce current barriers and disincentives to
getting preventive care, but insurance expansion remains actively under debate at the state
and national levels.

In this paper, we build on prior efforts to estimate the population-level impact of EBIs to
estimate the impact of insurance expansion or reduction scenarios on CRC screening,
incidence, mortality, and related costs (e.g., CRC screening and treatment) among NC
residents age-eligible for screening. As before (Hassmiller Lich et al., 2017), we use
microsimulation — a type of modeling that simulates individuals with diverse characteristics
as they age and change over time, tracking both individual and population-level outcomes
(Wheeler et al., 2018). Specifically, we use microsimulation to compare CRC outcomes and
cost implications under five health insurance scenarios: status quo, which, in NC, reflects
some increase in insurance when the Health Insurance Exchange (HIE) was implemented
under the Affordable Care Act (ACA); reversal of the ACA; expansion of the state's
Medicaid program; and two Medicare-for-all scenarios (with more and less conservative
screening uptake). The results provide insight into how changing access to insurance
coverage may help to narrow (or widen) the gap between established targets and current
levels of screening, both overall and among subpopulations experiencing disparities.

Methods

We used an individual-based microsimulation model that integrates best available data to
simulate lifetime CRC outcomes under each of the five insurance scenarios for the full
population of 3,298,265 NC residents age-eligible for CRC screening over a five-year study
period (January 1, 2018-December 31, 2022). Key model parameter values are reported in
Table 1. This study was approved by the University of North Carolina Institutional Review
Board.

Population simulated

We used a synthetic population, which is a realistic but not real population of simulated
individuals whose characteristics are based on those of the state population at a single point
in time. The simulated population was created using the Topologically Integrated
Geographic Encoding and Referencing (TIGER), Summary File 3 (SF3), and American
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Community Survey Public Use Microdata Sample (PUMS) datasets from the U.S. Census
Bureau from 2007 to 2011, to represent the NC population in 2009 (Wheaton et al., 2009;
RTI International, 2019; The University of North Carolina at Chapel Hill, 2019). In this
analysis, we restrict focus to the simulated individuals in the state who, if they did not die
before January 1, 2018, would be age-eligible for screening at some time during the five-
year study period.

Time-invariant characteristics of simulated individuals are based on the synthetic population
and include race, gender, and county of residence (we assume no migration for simplicity).
Time-variant characteristics are changed within the simulation model and include age,
income, insurance status, preferred routine screening modality, and polyp/cancer status.
These characteristics may affect an individual's screening and/or cancer risk. Aging, non-
CRC mortality, initial insurance (i.e., in 2009), and status-quo screening are based on our
previous work and described elsewhere (Hassmiller Lich et al., 2017).

For this analysis, we updated how we simulate individuals' income, insurance, and
polyp/CRC status over time. To account for income change, each individual's income is
updated from the 2009 simulated population value using multipliers based on U.S. Census
Bureau data on per-capita income, stratified by race (white, black, other), sex (male, female),
and age category (35-44, 45-54, 55-64, 65-74, 75+) (United States Census Bureau, 2019).
From these data, we obtained multipliers and used them to convert each individual's income
value in 2009 to his or her expected income value in each year thereafter. Because 2017 was
the most recent year in which mean per-capita income was available at the time of this study,
the annual rates of change beyond 2017 were obtained through extrapolation. Insurance,
initially based on Census data, changes over simulated individuals' life course based on
simple rules (Hassmiller Lich et al., 2017), which have been updated to reflect insurance
scenarios and described in more detail below.

2.2. Polyp incidence and progression

Simulated individuals have a chance of developing one or more polyps during their lifetime.
Polyps can grow from birth, with incidence rates changing across the life course (Lansdorp-
Vogelaar et al., 2009), and are characterized as small, medium, or large. All polyps start out
small (<6 mm), but can transition to medium (6-9 mm) or large (=10mm) over time
(Subramanian et al., 2009). Although possible to detect, small polyps do not pose immediate
risk of cancer. Medium and large polyps can transition into and across pre-clinical CRC
stages, or become clinically relevant when diagnosed based on symptoms or through
screening/testing. Each time-to-transition is modeled according to an exponential
distribution, with the average number of years for a small polyp to transition to a medium
polyp and for a medium polyp to transition to a large polyp set to 15 years and 5 years,
respectively, based on prior research (Subramanian et al., 2009).

2.3. Status quo CRC screening and diagnostic testing

In the status quo scenario, all simulated individuals may receive routine CRC screening
when they become age-eligible at 50 years of age, with some colonoscopies happening as
early as 45 years of age; this matches observed variation in age at first screen in claims data
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and accounts for differences in screening guidelines, such as an earlier recommended
starting age for African Americans compared to other groups (Williams et al., 2016; Rex et
al., 2017). Receipt and modality of screening/testing are simulated with randomness using
predicted probabilities estimated from multi-variable statistical models that are a function of
both individual characteristics (insurance, sex, race/ethnicity, county of residence, and
distance between zip code centroid and nearest endoscopy facility) and characteristics of
individuals' county of residence (population-adjusted number of medical generalists,
percentage of residents below federal poverty level) (Hassmiller Lich et al., 2017).
Individuals are considered up-to-date and not offered screening if they completed a
colonoscopy within the past 10 years or a fecal test in the past 12 months. We do not
simulate any other CRC screening tests, as they are observed infrequently, comprising <4%
of all CRC tests in our underlying claims analysis (Wheeler et al., 2017). See Table 1 for
assumptions about screen/test accuracy.

We simulate CRC screening for all individuals as soon as they become age-eligible,
regardless of whether this occurred prior to or during the study period, to fully capture all
screening, polyp identification/removal, and cancer outcomes in their full lifetimes.
Predicted probabilities of screening estimated with the statistical models are adjusted over
time to capture underlying temporal trends in clinical practice, norms, and other relevant
patient-level factors (Hassmiller Lich et al., 2017). When polyp(s) are found during
colonoscopy, we assume they are removed and analyzed, and assign costs for polypectomy
and pathology. For those who screen by fecal test and have a positive (abnormal) result, they
are offered a diagnostic colonoscopy, consistent with national guidelines (U.S. Preventive
Services Task Force et al., 2016). Assuming imperfect follow-up, 85% of these individuals
will receive diagnostic colonoscopies (Bogie & Sanduleanu, 2016). Individuals undergoing a
colonoscopy have a small chance of bleeding or perforation, both of which are assumed to
be treated (Lin et al., 2016).

2.4. CRC detection, treatment, and mortality

For individuals with pre-clinical CRC whose diagnostic test is inaccurately negative or those
who do not have a diagnostic test, the cancerous polyp remains clinically undetected and
continues to progress until it is diagnosed at some future point or the individual dies of
causes other than CRC. We assume that all CRC is diagnosed before patients die from
cancer. Patients who are diagnosed with CRC are treated, and associated costs (adjusted by
stage and age) and survival (adjusted by stage, age, race, and sex) are tracked. CRC stage is
based on the extent of malignancy, and modeled according to the definitions established by
the American Joint Committee on Cancer (AJCC) (Edge & Compton, 2010). Mortality is
determined as the minimum of their natural life expectancy (Arias, 2004) and cancer
mortality risk (National Cancer Institute, 2019). Rates of transition to and between pre-
clinical CRC stages are calibrated using CRC incidence data from the NC Central Cancer
Registry for the years 2008 to 2014 among individuals 37-92 years of age (NC State Center
for Health Statistics, 2019).
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2.5. CRC screening, surveillance, and treatment costs

2.6.

2.7.

We estimated the costs of CRC-related preventive care and treatment for each insurance
scenario from the perspective of individual payers. The total cost of screening/testing for
each scenario includes the costs of routine screening by colonoscopy or fecal test, diagnostic
colonoscopies in the event of abnormal fecal test results or polyps found on routine
colonoscopy, surveillance examinations, the removal of polyps during colonoscopy,
pathology, treatment for complications during colonoscopy, and cancer treatment. \We
identified the Current Procedural Terminology (CPT) codes for these procedures using the
2018 NC Medicare Part B Fee Schedule (Centers for Medicare & Medicaid Services, 2018).
We assigned the associated costs directly to the Medicare payer perspective, and then used
these costs to estimate costs for other payers based on assumptions informed by expert
opinion. Specifically, we assumed the costs for privately insured and Medicaid enrollees are,
on average, three times the Medicare costs and 95% of Medicare costs, respectively. We
assumed the costs for patients dually enrolled in Medicare/Medicaid are the same as for
Medicaid alone. For the uninsured, we accounted for charity care cost estimates, set to 40%
of Medicare reimbursement, which would be borne by the facility/provider that performs the
screening or provides cancer treatment while the patient is uninsured. Costs assigned to
cancer care, including treatment and surveillance, are based on prior research (Yabroff et al.,
2008; Zauber et al., 2007). We converted all costs to 2018 U.S. dollars, with future dollars
discounted at a rate of 3% per year.

Model calibration

We calibrated model parameters to match two primary data points: 1) existing survey-based
estimates of the percentage of age-eligible individuals up-to-date on CRC screening adjusted
to correct for self-report bias (Joseph et al., 2018; Pierannunzi et al., 2013; Hassmiller Lich
etal., 2017), and 2) the number of incident CRC cases, including the distribution of stage at
diagnosis, from the NC Central Cancer Registry (NC State Center for Health Statistics,
2019). See model documentation for more detail (The University of North Carolina at
Chapel Hill, 2019).

Insurance scenarios

We estimate and compare the impact of five health insurance change scenarios, described in
Table 2, on CRC screening and outcomes. Briefly, these scenarios are: status quo (ACA), no
ACA, Medicaid expansion, conservative Medicare-for-all, and enhanced Medicare-for-all.
For the status quo scenario, we update 2009 insurance based on NCspecific insurance data
between 2013 and 2016 to capture insurance acquisition associated with the ACA.
Specifically, we estimated the likelihood that each uninsured simulated individual would
gain insurance in 2014 and 2015, with insurance gains based on individuals' household
income, age, gender, marital status, and race. Insurance gains level out between 2015 and
2016, so no further increases in insurance are simulated thereafter due to ACA. In the
conservative Medicare-for-all scenario, we assume people will screen at rates consistent with
current screening among others like themselves (i.e., this is based on income/Medicaid
eligibility). In the more optimistic Medicare-for-all scenario, we assume screening rates for
all individuals level out at current screening rates among individuals with higher incomes.
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2.8. Simulation outcomes and analyses

The simulation model was programmed in AnyLogic (version 7.3.6). To ensure an
individual's life course is otherwise identical across insurance scenarios, an application of
common random numbers is used (Cornejo et al., 2014). We track percent up-to-date overall
and within subgroups after the five-year study period (i.e., on December 31, 2022). We also
track years up-to-date, CRC incidence (overall and by AJCC stage), CRC mortality, life-
years, and CRC costs overall and by payer over the full lifetime of the simulated population.
We present results for the status quo scenario, and for other insurance change scenarios
compared to this scenario. Five replications were run for this analysis, and average outcomes
are presented along with uncertainty intervals, defined here as the replication minimum and
maximum, for primary simulation outcomes (percent up-to-date after five years and total
CRC cases and total life-years within simulated individuals' lifetimes in each scenario). To
assess robustness in estimated relative differences across scenarios, we rank order scenarios
based on each primary outcome, within each replication, and average scenario rankings
across replications.

Given the large simulated population size, we needed few replications to obtain precise
simulation estimates. The use of common random numbers also contributes to the consistent
results across replications and the quick stabilization of cross-replication statistics (Cornejo
et al., 2014). Adding the fifth replication was sufficient to reach our stopping condition —
when adding another replication changed the cross-replication average for each primary
simulated outcome by <1%. All statistical analyses were conducted using R Statistical
Software (version 3.3.3).

3. Results

Table 3 presents the demographic and insurance mix in the simulated NC population age-
eligible for CRC screening (50-75) on December 31, 2013 (just before ACA was
implemented), on December 31, 2014 (after one year of ACA) and on December 31, 2017
(just before our study period). As expected, the most noteworthy differences in these
snapshots include a decrease in the percent uninsured as a result of insurance reform and
aging of the population, occurring in NC much like many other states. We project that a total
of 3,298,265 individuals who would have been alive on December 31, 2017 will be between
50 and 75 years of age at some point during the five-year study period.

Table 4 presents the difference in the percent of age-eligible individuals up-to-date with
CRC screening/testing in each insurance scenario as compared to ACA at the end of the
study period — both overall and by sociodemographic characteristics. On December 31,

2022, we estimate that 51.7% of the population would be up-to-date with screening under
ACA. With no ACA, the percent up-to-date would be 1.1 percentage points lower. In
contrast, the insurance expansion scenarios increase the screened population compared to
ACA: 0.3 percentage points with Medicaid expansion, 7.1 percentage points for conservative
Medicare-for-all, and 8.6 percentage points for enhanced Medicare-for-all. The magnitude of
these differences varies by demographic subgroups. For example, among Hispanics, there is
an expected increase in up-to-datedness of 1.3 percentage points for Medicaid expansion,

Prev Med. Author manuscript; available in PMC 2020 March 11.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Lichetal.

Page 8

11.6 percentage points for conservative Medicare-for-all, and 14.5 percentage points for
enhanced Medicare-for-all, relative to ACA (44.7% up-to-date).

Fig. 1 is comprised of a panel of maps indicating the percent of age-eligible residents in each
zip code up-to-date with CRC screening/testing at two time points - December 31, 2017
(ACA) and December 31, 2022 (under each insurance change scenario). No zip codes would
reach 70.5% up-to-date targets under any scenario; the zip code with the highest percent up-
to-date under enhanced Medicare-for-all is 67.7%.

Table 5 presents the difference in lifetime CRC diagnoses and deaths for each scenario
compared to ACA between January 1, 2018 when insurance change scenarios were
implemented and 2072 when the full simulated population is deceased. During this period, a
total of 153,806 incident CRC cases will be diagnosed, of which 33,754 will be Stage 1,
32,603 will be Stage 2, 45,201 will be Stage 3, and 42,248 will be Stage 4. Compared to
ACA, the number of CRC cases averted by insurance expansion would be 498 for Medicaid
expansion, 6031 for conservative Medicare-for-all, and 7602 for enhanced Medicare-for-all.
The no ACA scenario, however, would result in 1782 additional CRC cases relative to ACA.
CRC-attributable deaths follow a similar pattern, as shown in Table 5. In addition, insurance
expansion is expected to increase both total years up-to-date with CRC screening and total
years of life among the simulated population, while insurance reduction would have the
opposite effect, compared to ACA (see Supplemental Table 1). For example, the population
will gain 5431 life-years with Medicaid expansion, 56,248 life-years with conservative
Medicare-for all, and 68,399 life-years with enhanced Medicare-for-all, but lose 14,531 life-
years if the ACA is reversed, across the individuals' cumulative lifespans, relative to the
ACA. In terms of the total number of years up-to-date with CRC screening compared to the
ACA, Medicaid expansion will result in 92,887 more years, conservative Medicare-for-all
will result in 1,452,876 more years, and enhanced Medicare-for-all will result in 2,178,523
more years, while the no ACA scenario is expected to have 384,842 fewer years up-to-date.

Fig. 2 presents cumulative CRC cost savings for each insurance change scenario compared
to ACA in 2018 U.S. dollars, discounted at 3% per year. Compared to ACA, the no ACA
scenario is cost saving through 2054, when marginal costs associated with worse CRC
outcomes offset earlier gains from reduced screening/testing. This scenario is associated
with a cumulative discounted cost increase of $3.2 million. In contrast, cumulative
discounted costs under the Medicaid expansion scenario are initially higher than the ACA
scenario, breaking even in 2025 and ultimately saving an additional $28.2 million. Both
Medicare-for-all scenarios are immediately cost saving, with cumulative discounted cost
savings reaching $970.9 and $1037.7 million, respectively, for the conservative and
enhanced scenarios compared to ACA.

Fig. 3 presents cumulative CRC cost savings for each payer under the no ACA and Medicaid
expansion scenarios compared to the ACA scenario in 2018 U.S. dollars, discounted at 3%
per year. We do not show payer-specific costs for the Medicare-for-all scenarios, as all costs
will be shifted to Medicare under these scenarios. From the perspective of private insurers,
the Medicaid expansion scenario would be slightly cost saving (compared to the ACA),
whereas the removal of ACA would save approximately $200 million by 2030. From the
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Medicaid perspective, removing the ACA would save about $8 million in CRC-related costs
and expanding Medicaid would cost an additional $50 million by 2030, compared to ACA.
In the case of dual Medicaid/Medicare enrollees, both removal of ACA and Medicaid
expansion would cost more, compared to ACA. The removal of ACA would be less
expensive, increasing cumulative discounted costs by approximately $5 million while
Medicaid expansion would increase costs by approximately $85 million (though with a
delay). Medicare would quickly reap cost savings from Medicaid expansion, increasing to
about $100 million in 2055, while removal of ACA would result in an approximate $100
million increase in cumulative costs by the same time, both compared to ACA. Medicaid
expansion would save nearly $60 million in uncompensated care by 2035, while removal of
ACA would increase cumulative costs by nearly $120 million by 2034, compared to the
ACA.

We present uncertainty intervals (the minimum and maximum values across replications) for
primary simulation outcomes in Tables 4 and 5 and Supplemental Table 1. The uncertainty
intervals for percent up-to-date (Table 4) are fairly narrow, though the corresponding
intervals for CRC diagnoses and life-years are wider. While these intervals overlap across
scenarios, analysis of scenario rankings within each replication indicate our conclusions
about scenario dominance are robust to uncertainty. This is particularly true for scenario
rankings based on percent up-to-date; scenario rankings across every replication were the
same as the rankings based on average cross-replication results presented in Table 4. While
there was some heterogeneity in the relative impact of enhanced insurance access (and thus
screening) on the number of CRC cases, the rank orderings in terms of life-years gained
were more robust across scenarios. This indicates that increased insurance (and thus
screening) can result in more CRC diagnoses, but typically at earlier stages and producing a
net increase in life-years.

4. Discussion

Our findings suggest that, at the population-level, insurance expansion will improve CRC
screening, reduce the number of incident CRC cases, shift the burden of CRC cases from
later to earlier stages at diagnosis, reduce CRC-attributable mortality, and add years to
people’s lives — at a cost savings across payers. If NC expands its Medicaid program, which
would add short-term costs associated with screening, annual costs would be expected to
decline within seven years, saving more than $28 million for this population of all NC
residents age-eligible for CRC screening over the five-year study period. Nearly 500 fewer
people in this population will develop CRC, saving more than 200 lives and adding more
than 5000 years of life. These numbers increase by more than a factor of 12 for the
conservative scenario and 15-16 for the enhanced scenario if insurance expansion via
Medicare is extended to all. Cost savings increase even more — by a factor of 34-36,
depending on whether the more conservative or enhanced Medicare-for-all scenario is
considered. That said, the expected impact varies across payers, with some benefitting more
than others. For example, if Medicaid is expanded (on top of ACA), the costs to Medicaid
will rise in the short term whereas Medicare costs and the cost of uncompensated care will
decrease. Some of these cost savings could be shifted to offset the increased burden on the
state to expand its Medicaid program, increasing the likelihood that insurance access will be
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expanded to more low-income individuals. Medicare-for-all scenarios demonstrate the
potentially sizeable cost savings attributable to both enhanced prevention and the impact of
lower rates associated with volume-based purchasing.

As much as insurance expansion improves health and saves money, this analysis also
highlights the reductions in insurance access that would stem from the reversal of ACA and
the corresponding negative impact on health and cost outcomes. Among this population
simulated, reversal of ACA would lead to 1782 additional CRC diagnoses, 791 more deaths,
and 14,531 fewer years of life, compared to the status quo. If we consider that there were an
estimated 3,298,265 individuals exposed to CRC screening in the study period, this implies
increased CRC incidence and mortality rates of 54 and 24 per 100,000 population,
respectively.

Despite the sizable improvements in health and cost outcomes associated with the insurance
expansion scenarios for most payers, none of these scenarios are capable of increasing
screening to the 70.5% (Office of Disease Prevention and Health Promotion, 2019) or 80%
(National Colorectal Cancer Roundtable, 2019) targets by 2022. Indeed, these targets are not
reached in a single zip code across NC. Furthermore, insurance expansion by itself is not
able to eliminate CRC screening disparities by gender, race/ethnicity, or geography.
Projections in Table 4 and Fig. 1 could inform more attainable state and national screening
targets. Considering both these results and our previous analysis of EBIs in NC (Hassmiller
Lich et al., 2017), it is clear that a combination of insurance expansion and multiple EBIs
will be needed to reach established targets.

While it is difficult to reach current national screening targets of 70.5% and 80%, research
has shown that we are getting closer to these targets, especially among subpopulations or
within individual clinics or facilities. For instance, our microsimulation in Oregon found that
a mailed FIT plus patient navigation intervention has the potential to increase the percent of
Oregon residents enrolled in Medicaid coordinated care organizations by 20.2 percentage
points (to 70.3%) after five years (Davis et al., 2019). The difficulty lies in reaching these
targets at the population level, either state-wide or country-wide. While it is important to
note, though, that screening programs and national targets differ greatly from country to
country (Young et al., 2019; Navarro et al., 2017), international comparisons indicate that
the 80% target has not been reached at the country level, although substantial progress has —
and thus can — be made toward the 70.5% target when EBIs and broad access to insurance
are combined (Young et al., 2019; Navarro et al., 2017).

Like all microsimulation initiatives, this study has limitations. While such models can be
used to integrate fragmented datasets, they require structural and numeric (parameter value)
assumptions. We attempted to make all modeling assumptions transparent here and in the
model documentation. However, as the context of CRC care evolves, these assumptions will
need to be updated and conclusions might change. For example, if the cost of CRC treatment
decreases (Mennini et al., 2019) while the cost of screening remains fixed, cost savings
associated with insurance expansion may shift. This is not likely to be the case, though, as
cancer treatment costs have risen dramatically in the recent past. While both polyp size and
histology affect the progression to CRC and CRC detection, our natural history model
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currently only distinguishes between different sized polyps (though it is well-calibrated to
historical screening and CRC cancer registry data). As another limitation, we focused on
outcomes among a five-year population of age-eligible individuals. Until more up-to-date
simulated populations are available, we feel this decision offers a balance between
projecting outcomes of interest (e.g., impact on percent up-to-date, ability to meet
established targets in the future) with concerns about the generalizability of the simulated
population far beyond 2009. Lastly, we make a simplifying assumption of no migration.
Given that the rates of movement into and out of the state are approximately balanced
(Tippett, 2018), and with the older adult population (the focus of this study) less transient in
this state (Rosenthal, 2017), we believe the impact on our results to be minimal. Future work
to update the synthetic population, to account for migration patterns, to further develop the
natural history model to account for polyp histology, to simulate combined insurance
expansion and EBI scenarios, and to consider the impact of parameter uncertainty on
conclusions is needed.

5. Conclusions

Our state-level microsimulation results suggest that insurance expansion is a powerful
approach to increasing CRC screening and improving CRC-related health outcomes while
reducing costs of care. In NC, the ACA has increased the percent of the population up-to-
date with CRC screening/testing by 1.1 percentage points — more than the multimillion
dollar investments designed to improve screening simulated in prior work (Hassmiller Lich
etal., 2017). Medicaid expansion would increase this by another 0.3 percentage points
(more on par with these EBIs). Microsimulation models can be used as illustrated here to
support decision makers in choosing between approaches, or in better understanding what it
will take to reach established targets, efficiently.
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Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Maps of percent up-to-date with CRC screening/testing by zip code in North Carolina under

the ACA (December 31, 2017 before the study period and December 31, 2022 at the end of
the study period) and other insurance change scenarios (December 31, 2022 at the end of the
study period).
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Cumulative cost savings across payers discounted at 3% per year, comparing each insurance

change scenario to ACA.

Prev Med. Author manuscript; available in PMC 2020 March 11.



Page 18

Lichetal.

00T
990Z
790z
850T
502
0s0z
9v0T
oz
8€0Z
ve0T
0€0z
920T
[ader4
nMDV

-$20M
$40M

-560M 4

-$80M 4
-$100M

-$120M 4

-$140M -

0,0z Hozoz
9907 Hogoz _
7907 Heooz =)
8502 Elesoz 8
= o
14 Ejrsoz 51
0S0Z Fjosoz M
9v0z Hovoz g
(4414 S
oz g
8£0z 8€07 W
veoz v€0Z <
0€0z 0€0Z 3
0702 920¢ m
2202 m w-o~ m
—\Egroz . S | —=8%0Z, ——— — | =
2 |
s s s s 5 s 5 5| 8|8z83383253233| 5
S & & © © © © o S|lo@3a8a03In8sRa S [a)
2 3 2 8 8 8 R 8 HrRR3IBI3FTRF2
5 7823 8 8 . PR PR R DY )
sSulAes 150D aAlle|NWIND Q s8uines 150D aAne|nwn) ©
Z 0L0T
= 9907
= 7907
= 8502 ———
veoe 2222z
: 0502 REINA
Z 9v0T
X414
= 8€07
 VE0T 8
tog0z | 8
- -
oz | Z °
Zzeor | 2 5
. . : g0z | 2| - " : . m
z|ls s = = = =| &8
E E E E E B E|l2 8 23 2 8 32|=
L g & g 5 9w A la 2 0 a v g =S 4
o » RS p7s e v ' b @
mm:_>mm 150D aAneInwn) B mm:_>mm 150D aAng|InwN) 5]

8

g 3
ez

s 8
5 €
28
D o

Q O

> T
= <
L

Q o

S o

£ 2

)

=
=3

g B

MW D

. %
2 2 2
w w(
| L c
[=} yo
) o2
L

o o <
° o

o

®» @
sz

Ee]

o 2

S

S o
wM
R

S &

[72]

= Ty

£ c

> ey
g% o
) Mw .mw
Slr
oo &
SR
2 28

2 3
g 2 <
.S = O
® e <
250 2
rTo<s

Prev Med. Author manuscript; available in PMC 2020 March 11.

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript



Page 19

Lichetal.

Author Manuscript

S1S0J Juswieas DHO

L00Z “|e18 Jeqnez  0T'S09'CZ$ uoneloyiad
8T0C 'S89IAIBS PIEJIPSIN 79 8IEJIPSIA 10} SIBIUBD LE6Y6$ uoiedldwoa Buipas|g
8T0T 'S8AIAIBS PIEJIPSIN 72 8JBJIPSIA JO) SIBIUaD [4%°72 ABojoyred dAjod
8T0C 'S89INISS PIEJIPSIN 72 SUEJIPSIA J0) SISIURD L20LT$ AwoyoadAjod
8T0C 'S89IAIBS PIEJIPSIN 79 8IEJIPSIA 0} SIBIUBD 86'981$ Adoasouojo)
LTOZ ‘S92IAJISS PIeDIP3IA 79 8JedIPaIA 10} Sijus) 85v$ 159] [2034

$)509 89UE||13AINS 79 BUIUBaIIS
970z ‘nueajnpues g aifog 090 $153] 30UE||19AINS YN
970z ‘nuesjnpues 7 aibog 680 s1s3) onsoubeip yum
aoueljdwo)d
9002 “le 18 UIna 0T uoljeloylad
9002 “le 18 UIna] 4> Buipas|g
(000T 4ad) suonearjdwos Adoasouojo)
9T0Z “|e 8 Ul 096 Adoasouojo)
9T0Z “|elo Ul 006 159) |99
(%) Ano13198ds 159
/66T “|e 10 X3y ‘9T0Z “|e 18 Ul 096 jo)s e}
900z “1e 18 ulty ueA ‘9T0Z “[e 18 ur 016 sdAjod ww Q1=
9002 “[e 18 ulty UeA ‘970z “[e 10 Ul 006 sdAjod ww 6-9
9002 “1e 18 ulty ueA ‘970z “le 18 ur 0'GL sdAjod ww 9 >
Adoasouojod
2002 "'[e 38 UoSI[IV ‘9002 "' 38 WS ‘9T0Z “|e 8 ull 0.8 o)< e}
2002 "'[e 38 UOSI|IV ‘9002 “'[e 38 YUWS ‘9T0Z “|e 8 Ul ove sdAjod ww 0T=
£00Z e 18 Jaqnez ‘910 “[e 18 Ul 00T sdAjod ww 6-9
£00z “[e 18 1agnez ‘970z “[e 18 Ul 0'S sdAjod ww 9 >
159) 2994
(%) Aunnisues 1sa).
) anfeA PRWe kY

T alqeL

Author Manuscript

Author Manuscript

‘sanjeA Jajawe.ed |9poiA

Author Manuscript

Prev Med. Author manuscript; available in PMC 2020 March 11.



Page 20

Lichetal.

'san|eA Jajewesed JO UOII818s 8U) WIOJUI 0} Pasn a1am uoluldo 1adxe pue ainyesan| Bunsixe ulog,

L00T e 18 J3aneZ ‘800T I8 13 JJOIqeA 069'cv$  Ureap D¥D-uou ul Buipus ‘a1ed [eurIaL
L00Z " 18 J3gneZ ‘800T “[e 18 JJOIqeA v€8'T8$ yreap 0¥ ut Buipua ‘ared eutuual
L00Z “'[e 30 13gneZ ‘800T “[e 18 JOIqeA 8€9'0T$ aed Buinunuod
L00T e 18 J3aneZ ‘800T I8 13 JJOIqeA 62T'TL$ aJed [emuj
Al 36e1s 94D
L00T e 18 J3gneZ ‘800T I8 12 JOIqeA SYS'9T$  Uresp OYD-uou ul Buipua ‘a1ed [euuaL
L00T “[e 18 J3aneZ ‘800T I8 13 JJOIqeA G/6'09$ yreap QYO ut Buipua ‘ared [euruual
L00Z “[e 18 J30neZ ‘800T “[e 18 JOIqeA zeves aed Buinunuod
£00Z “'[e ¥ J3gneZ ‘800T “[e 18 JOIqeA TLY'7S$ a1ea [emu|
111 86e1s 04D
L00Z “[e 18 J30neZ ‘800T “[e 18 JOIqeA 90G'2T$  Uresp D¥D-uou ul Buipus ‘a1ed [euiaL
L00Z “'[e 39 13gneZ ‘800T “[e 18 JOIqeA 898'/5$ Ureap DY ut Buipua ‘ased Jeuruuial
L00T " 18 J3aneZ ‘800T I8 13 JOIqeA T07¢$ a.1ed Buinunuod
L00Z “[e 18 J30neZ ‘800T “[e 18 JOIqeA GL9'7Y$ 810 [enu|
11 86es 94D
L00T e 18 J3aneZ ‘800T I8 13 JOIqeA 862'VT$  Uresp D¥D-uou ul Buipus ‘a1ed [euaL
L00Z “[e 18 J3gneZ ‘800T “[e 18 JJOIqeA 2€0'85$ yreap 0¥ ut Buipua ‘ared eutuual
L00T e 18 J3gneZ ‘800T “'[e 12 JOIqeA 9/6¢$ aJed Buinunuod
L00T " 18 J3gneZ ‘800T I8 13 JOIqeA €LE'2ES aJed [emuj
1 9beis 94O
p201nos anfeA JopWwe red

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Prev Med. Author manuscript; available in PMC 2020 March 11.



Page 21

Lichetal.

“2UII0IRD YLION ‘DN ‘|98 AlBA0d [eJapa Td ‘abueyoxg souensu] yifeaH ‘J1H ‘48oue) [€19310]0D ‘DY) 10V aleD) 3|qepoly ‘VOv

‘| 104 8180 J0 AN[IqepIoye puB A)|IQISS3II. U 8SBaIUl 0] SLI0YS [euonippe Aq ‘a|dwiexa 1oy ‘UsALIp — aourINsul a1eALd ylim
850y} Buowe panIasqo sjaAs| JayBiy uaLInd 0) BUIPIOIIE USBIIS S|ENPIAIPUI |[© Jey) BLUNSSE 3/ "9A0GR OLIBUBDS |[-10-8J821P3IAl 84} JO UOISIaA dsIwdo 310w € SI 0LIBUSIS SIY |

'$93]|04U8 doueINSUI a1eALId JusLIND Buowe panlasqo asoyl a1
sa1el Jaybiy Je Usaids Ploysalyl Td-4 %S8ET dYl SA0CE SBWIOIUI UM S[ENPIAIPUL SBaIaYM ‘AJ3UaLINd PIeaIpalAl UM 8S0Y) 81| Usa1ds Tdd U1 JO %8ET MO[3q JO Je 8WwodUl U YIM
S|eNPIAIPU| ‘[9A8] WOJUI S,JenpIAIpuUl Ue uo puadap sulalred Buiuaalds Jey) awnsse am ‘(MOJaq UOISISA padueyua 8y} 0} paseduwlod) O1IBU3IS SAIIBAISSUOD 3J0W SIUY U “aiedyljeay

aAIuaNald 0] JaLlieq B Se PAAOLWLIAI 8JaM $S3208 doueINsUl JI Buluaalos ¥ Ul axeldn ayl a1ewss am ‘oLieuads aalsnjoul Ajiny siyy Buirejnwis Ag uswulanob [esapay ayy ybnoayy
abe1aA02 Y[eay 0} $$890 aARY PINOM S[BNPIAIPUI [[e ‘WasAs JaAed-a)buls Jo adAl siyl Japun "abesanod yieay [esiaaiun Jo welboud |je-104-21ed1pa|A © Sjuswajdwi 01euads Siy L

*(8T0Z ‘uorrepunod Ajiwed Jasied T AluaH ayl) euald awodul 19aw Aay 41 91qib11a aq 01 abeianod predipa|A 104 Ajifenb jou pjnod Ajsnoiaaid oym synpe ssajpiyd 104 Aujige ay)

pue “1d4 8y} JO %8ET 01 %EY WOy suspuadap Yim synpe Joy uwi Aujiqibia awooul sy} Ul asealoul Ue SaAJoAUl uoisuedxa predipalA ‘ON Ul (8T0z ‘uolrepuno Ajiwe Jasiey|
¢ AusH ay) predipajn puedxa 03 paido aney eyl sarels Buowe Ajjiqibija papuedxa Yym JuslsISUod — sniels Aljigesip Jo ‘siuapuadap Jo Jaquinu ‘sniels JuswAoldwa ‘abe Jiay Jo
ssa|p.eBial ‘sfenpiaipul |[e 104 (dd) 18A8] Auanod [elapay) aul JO 948ET 01 Sasealdul predlpajy 1o Hwi Ajiqibife sawooui ay | "welboid predlpay s,81e1s ayl spuedxa oLIeuads siy |

‘(€102 UI) WOW-aid wouly sjans] saueinsul Bulurelal ‘O ybnoayy sureb aoueinsul Ssopun oLeuUSdS Sy |
'31q16118 Ajsnoinaid asam Aayl J1 presipain

U1 ]]0Jua 01 40 ‘pT0Z ‘T Asenuer Jo se Ao areduieaH uo J1H ayl ybnouy sueld aoueansul yieay Buiseyaind uifag 03 8oueInsul INOYIM SPIOYaSNOY pue S[enpIAIpUI 10} SIAIIUSIUL
Juondo ay) sepnjoul OLIeUddS onb SN1RIS/\YOV 8YL "Predipal Joy A1jiqibijs puedxa Jou pip DN 82uls ‘abeian0d aoueInsul Ul asealdul JO [9Ad] [enoe S,ON Sluasaidal 01ieuads siy L

|[e-10}
-a1e01paIN paoueyug

||e-104-84E01P3IN
SAIIBAIBSUOD

uoisuedxa presipain

VOV ON

(onb snyels) v

uo1d110S9p 01..eUS0S

aweu ol.reusds

"eUIJ0JRD YUON Ul 8T0Z ‘T Arenuer Buiels ‘pasedwlod pue paje|nuwlis aJe Jeyl soleusds abueyd soueinsu|

¢ dlqeL

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

PMC 2020 March 11.

in

available

1

Prev Med. Author manuscript


http://HealthCare.gov

Page 22

Lichetal.

%V'8 IV6't€C  %9'6 269'9€C  %L'TT 2€0'6Le painsulun

%9 856'9CT %SV 008'TTT  %b'¥ €¢8'e0T  8lqibie len@

%S'€ GTS'/6  %9°€ €28'68  %9'€ €8€'78 predipaiN

%T'TE G6'.98  %0'9C GZ8'th9  %wl'€e Ly1'85S 3IedIP3N

%V'CS STY'SPY'T  %E9S 202'26E'T  %L9S 9v0°LEE'T deALld
aoueJnsul Jo adAL

%TCe LV6'v88  %2Z'SC GzT'zed  wl'ee 069'T2S +59

%6°0C 262°LLS %S 281985 %9'€C 120'95S ¥9-09

%E€C 860'€V9  %T'SC 0¥9'T29  %0'92 6€0'2T9 65-9S

%L'€C Ob¥'SS9  %e'Le ¥62'€L9  %V'8C 289'899 ¥S-0S
aby

%L'E 620'T0T  %T'S 60V'LL  %0'E €G€'0L oluedsiH
Ay

%1'S 9TE'OVT %LV 092'9TT  %9'¥ 0.5°20T Yo

%G'8T EET'TIS  %/L'8T 865297  %.'8T GE6'0VY Aoeld

%¥'9L LTE'60T'C  %9'9L €8Y'V68'T  %L'9L 126'608'T AMUYM
aoey

%¥'€S VL9'€LY'T  %T'ES C0VTET  %T'ES 29T'2Se'T dlewad

%9'9% T0T'/8C'T  %6'9Y 8/C'6GT'T  %6'9Y TL2'90T'T dleN
PEN
%0'00T S/L'09L'C %0°00T TYE'€Lv'C %000T EEV'8SET leloL

% N % N % N

LT0C ¥10¢ €10c Olslereyd

"01IBUIS WOV 3l Ul Jeak yaes JO I1STE Jaquiadad uo G/—0g pabe uonejndod anayiuAs euljoe)d yuoN Buowe asurinsul

€ 9lqeL

Author Manuscript Author Manuscript

Author Manuscript

pue sansLIgdeReYd 21ydeibowaq

Author Manuscript

Prev Med. Author manuscript; available in PMC 2020 March 11.



Page 23

Lichetal.

*A|UO S)NSaJ [[e49A0 10§ paruasald (JeAlsiul AJurensoun 9400T) SHNSaJ WNWIXeW pue WnwiulAl

q

“T°0 PUB T'0— USBMIBQ 8.8 1By} S3ousIsyIp &:mmwammm

VN VN 3 e %€'8T painsulun

VN VN 70+ 3 %6'LY leng

VN VN v+ T0- %0¢y predipsiN

9+ Te+ 3 3 %L'9S 9IeJIPAN

VN VN 3 T0- %EVS 8leAlld
aouelnsul Ag

ST+ 91T+ €T+ € %L'vy oluedsiH
Ao Ag

SET+ TTT+ 60+ - %0'8Y Y10

60T+ €8+ S0+ qT1- %€'0S 2oelg

L'+ G9+ 0+ 6'0- %t'cS UM
adel Ag

6'8+ L'+ 70+ €T- %T'€S dlewa

T8+ €9+ 0+ 60— %209 Gl
Xos Ag

(9°8+'5'8+) (T2+'0°2+) (eo+'eot) (0T-'TT-) (%8'15'%L'TS) Qoas__c_s_v
98+ T+ €0+ T1- %L'TS 1181370

|fe-10}-3./e31P3 N POUBYUT [ JOJ-DJeDIPd N SAITRASUOD  LosuedXe PredIpd N VOV ON

onb snies ayl Yylim poredwiod ebueyo uiod ebeiusdoled — (onbsniels) yov a|gelren

"SOLIBUSDS 8ouURINSUL 8)eulayfe Japun sabueyd ulod abejusdlad
pue ‘0LIeUSdS WOV 3yl Japun £20z ‘T Arenuer uo Bunsay/Buiusalds - yum arep-o1-dn uonendod euljored yrioN a]qibijs-abe pajejnuwis Jo usdiad

¥ alqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Prev Med. Author manuscript; available in PMC 2020 March 11.



Page 24

Lichetal.

*A|U0 S)NSal [[e19A0 10§ paruasald (JeAlaiul AJurenaoun 9400T) SHNSaJ WNWIXeW pue WnwiulA|

q

'SBIP [ENPIAIPUI D118YIUAS 1SB] U UBYM ‘Z/0Z UBnoay) pauiodal aie syjesp pue sases DY sAREINuIND,

ceLE-
99€¢—
8GE¢—
6YyI-
8¢ri-

(80T¥ '8€T'02-)
209.-

€18¢-
689T—
TE8T-
€5¢T-
8G€T—

(1285 '1¥5'6T-)
1€09-

9¢c- 16+
av1- 166+
6ST- TGG+

ve- 98€+
0L1- yS¢+

885'9L
8ve'ey
102'SY
€09°€
vSL'EE

syieap 04O
v abeis
€ abeis
Z sba1s
1 9beis

sisoufelp 1e abeis Aq sased DHD

(622 'eTvS-)  (S09'2T '8eS‘TT-)  (96.°29T '99Z'67T)

861— ¢8LT+

908'€ST

q

(wnwixep ‘wnwiuiin)

$3580 DY) [e10L

Ile-10J-0 fed1pe | peoLeyU

|[e-10}-8 1ea 1P |\ SAITRA JBSU0D

uosuedxe presipe N VOV ON

VOV UIM po redwiod ‘SyTesp pue sssed D) Ulabuelo [eiuaie ou|

(onbsnyes) vov

m.mo_‘_mcmow aoueINSUI a1euIg)e Japun sabueyd pue ‘OLIBUBIS VIV aYl

Japun sswnayl] Bulurewsas sayy inoybnoayl pue pouad Apnis syr Burinp Buiusalds DY 104 81q1611a-abe Loyod 118YIuAs ay) Buowe syresp pue sased D¥D

Author Manuscript

G 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Prev Med. Author manuscript; available in PMC 2020 March 11.



	Abstract
	Introduction
	Methods
	Population simulated
	Polyp incidence and progression
	Status quo CRC screening and diagnostic testing
	CRC detection, treatment, and mortality
	CRC screening, surveillance, and treatment costs
	Model calibration
	Insurance scenarios
	Simulation outcomes and analyses

	Results
	Discussion
	Conclusions
	References
	Fig. 1.
	Fig. 2.
	Fig. 3.
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5

