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A B S T R A C T   

Screening colonoscopies for colorectal cancer (CRC) are typically covered without patient cost-sharing, whereas 
follow-up colonoscopies for positive stool-based screening tests often incur patient costs. The objective of this 
analysis was to estimate and compare the life-years gained (LYG) per average-risk screening colonoscopy and 
follow-up colonoscopy after a positive stool-based test to better inform CRC coverage policy and reimbursement 
decisions. CRC outcomes from screening and follow-up colonoscopies versus no screening were estimated using 
CRC-AIM in a simulated population of average-risk individuals screened between ages 45–75 years. The LYG/ 
colonoscopy per 1000 individuals was 0.09 for screening colonoscopy and 0.29 for follow-up colonoscopy. 0.01 
and 0.04 CRC cases and 0.01 and 0.02 CRC deaths were averted per screening and follow-up colonoscopies, 
respectively. Coverage policies should be revised to encourage individuals to complete recommended screening 
processes.   

1. Introduction 

The ability of screening to decrease colorectal cancer (CRC) 
morbidity and mortality is well established. The Affordable Care Act 
requires that several CRC screening modalities, including colonoscopy 
and non-invasive stool-based tests (e.g., multitarget stool DNA [mt- 
sDNA] or fecal immunochemical test [FIT]) be covered with no con
sumer cost-sharing for average-risk age-eligible individuals. However, 
cost barriers remain for some individuals with an initial positive stool- 
based test that requires a follow-up colonoscopy to complete the CRC 
screening process. Coverage policies that impose this type of financial 
disincentive may deter CRC screening participation (Fendrick et al., 
2021b). The objective of this analysis was to estimate and compare the 
life-years gained (LYG) per average-risk screening colonoscopy and 
follow-up colonoscopy after a positive stool-based test to better inform 
CRC coverage policy and reimbursement decisions. 

2. Methods 

The Colorectal Cancer and Adenoma Incidence and Mortality 
Microsimulation Model (CRC-AIM) was used to estimate outcomes 
resulting from (a) screening colonoscopy and (b) follow-up colonoscopy 
after an initial positive stool-based test. CRC-AIM simulates the natural 
history of adenomas to carcinoma and incorporates features of available 
CRC screening strategies (e.g. screening interval, adherence, test sensi
tivity, test specificity, and complications). Details of the CRC-AIM 
model, including validation and the natural history and screening 
component assumptions, have been reported previously (Piscitello et al., 
2020; Description and Validation of the Colorectal Cancer, 2020). 

Screening colonoscopy every 10 years, triennial mt-sDNA, and 
annual FIT screening strategies (including follow-up colonoscopy after a 
positive stool-based test and surveillance colonoscopies) were simulated 
for average-risk individuals free of diagnosed CRC at age 40 and 
screened between ages 45–75 years, in accordance with national 
guidelines (Davidson et al., 2021; Wolf et al., 2018; Shaukat et al., 
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2021). Predicted LYG, CRC cases, and CRC deaths per 1000 individuals 
were compared with no screening. The overall stool-based test LYG/ 
colonoscopy ratio was calculated using the weighted average of the LYG 
and number of colonoscopies with mt-sDNA and FIT, scaled by their 
estimated use in the US general population as indicated by 2018 Na
tional Health Interview Survey data (Cancer trends progress report, 
2020). Sensitivity analyses examined simulated unscreened and previ
ously screened (by colonoscopy or stool test beginning at age 45 years) 
Medicare populations (ages 65–75 years). 

3. Results 

The LYG/colonoscopy per 1000 individuals was 0.09 for screening 
colonoscopy and 0.29 for follow-up colonoscopy (Fig. 1). The number of 
CRC cases averted/colonoscopy was 0.01 for screening colonoscopy and 
0.04 for follow-up colonoscopy. The number of CRC deaths averted/ 
colonoscopy was 0.01 for screening colonoscopy and 0.02 for follow-up 
colonoscopy. 

In sensitivity analyses of Medicare-age beneficiaries, the estimated 
LYG/colonoscopy for follow-up colonoscopy was approximately 3- to 4- 
fold higher than for screening colonoscopy (0.38 vs 0.13 LYG/colonos
copy unscreened; 0.17 vs 0.04 LYG/colonoscopy previously screened). 

4. Discussion 

Colonoscopy is an essential tool in the effort to reduce CRC burden. 
Unfortunately, many Americans face cost-sharing for a clinically indi
cated colonoscopy following a positive stool-based test, which may deter 
use of this potentially life-saving intervention (Fendrick et al., 2021b). 
The estimated LYG/colonoscopy was approximately 3-fold higher for 
procedures performed in follow-up of a positive stool-based screening 
test when compared with screening colonoscopy. Similarly, an esti
mated 4-fold more CRC cases and 2-fold more CRC deaths were averted 

with the follow-up colonoscopy than the screening colonoscopy. As non- 
invasive CRC screening modalities are preferred by some patients, and 
their use has increased because of the COVID-19 pandemic, coverage 
policies should be revised to encourage – not dissuade – individuals to 
complete the screening process as recommended (Davidson et al., 2021). 

These analyses intentionally assumed 100% adherence to all 
screening colonoscopies and stool-tests to demonstrate that even in an 
ideal setting of perfect adherence, follow-up colonoscopy results in a 
greater increase in favorable predicted outcomes than screening colo
noscopy. Previous CRC-AIM analyses have demonstrated that incorpo
rating more realistic adherence rates could further widen the magnitude 
in predicted outcomes between screening and follow-up colonoscopies 
(Piscitello et al., 2020; Fendrick et al., 2021a). Similar to our findings, 
other microsimulation analyses have found that predicted LYG 
increased for FIT use in Medicare beneficiaries when it was assumed that 
removing patient cost-sharing for a follow-up colonoscopy increased 
adherence to initial screening, follow-up colonoscopy, and surveillance 
colonoscopies (Peterse et al., 2017). 

We estimate that a colonoscopy performed following a positive stool- 
based screening test produces substantially more clinical benefit than 
when colonoscopy is performed as an initial CRC screening test. This 
finding was robust for average-risk (45–75 years) and Medicare-age 
(65–75 years) populations. Failure to complete the CRC screening pro
cess after an individual has been identified at increased risk of CRC leads 
to suboptimal clinical outcomes and inefficient use of resources. A 
retrospective study of veterans ages 50–75 years between 1999 and 
2010 reported that of those with an abnormal fecal occult blood test or 
FIT (n = 400,169), 44% (n = 175,482) did not receive a follow-up co
lonoscopy (San Miguel et al., 2021). Lack of a follow-up colonoscopy 
within 6 months after a positive mt-sDNA test has been reported to reach 
up to 28% (Cooper et al., 2021). These data support the removal of cost 
barriers and implementation of other tactics that encourage – not 
discourage – follow-up colonoscopies after a positive stool-based 
screening result to further reduce the burden of CRC. 

5. Data availability 

CRC-AIM demonstrates the approach by which existing CRC models 
can be reproduced from publicly available information and provides a 
ready opportunity for interested researchers to leverage the model for 
future collaborative projects or further adaptation and testing. To pro
mote transparency and credibility of this new model, we have made 
available CRC-AIM’s formulas and parameters on a public repository 
(https://github.com/CRCAIM/CRC-AIM-Public). 
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