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INTRODUCTION

• Colorectal cancer (CRC) is the 2nd leading cause of cancer-related deaths in the US, resulting in
over 50,000 deaths annually. Early detection of CRC can lead to improvement in survival rates.
• US Clinical Guidelines recommend CRC screening for adults from Age 45.
• Colonoscopy, the gold-standard screening test, has a low compliance rate due to invasiveness,
required bowel preparation, and procedure-associated time requirements.
• Non-invasive alternatives, including fecal immunochemical test (FIT) and multi-target stool DNA
testing (mt-sDNA), are less reliable due to lower accuracy, especially regarding the detection of
advanced adenomas.
• A novel RNA-FIT test was developed to accurately identify colorectal cancer and advanced
adenomas by capturing the downstream effects of cancer-causing mutations.
• Early clinical trial results demonstrated a higher accuracy relative to existing non-invasive
alternatives, particularly for detecting advanced adenomas (AA).
• In January 2020, this multi-target RNA-FIT biomarker stool test earned FDA breakthrough device
designation for its high AA detection rate.

AIM

Assessment of differences between the RNA-FIT test, the mt-sDNA test, FIT, and colonoscopy with
regards to total costs and health outcomes for patients undergoing colorectal cancer (CRC)
screening.

METHODS

The Model:
• Compares triennial RNA-FIT screening, triennial mt-sDNA test screening, annual FIT, and tenyearly colonoscopy in an average risk US population of 1,000 patients 45-75 years.
• Simulates CRC screening for a population of 1000 patients over a 30-year time horizon.
• Combines data on sensitivity, specificity, and compliance for each screening modality with
the incidence and prevalence of colorectal cancer, advanced adenoma (AA), other
precancerous adenomas (OPA), and benign polyps to assess the detection rates for each
screening method (Table 1).
• Uses data on distribution across disease stages and five-year survival rates are used to
determine long-term outcomes for patients with CRC.
• Accounts for cost of screening, complications associated with colonoscopy, surveillance
programs, and the cost of CRC treatment (Table 2).
• Applies age and sex-specific general population mortality data to all patients at the end of
each annual cycle.
The Assumptions:
• Compliance rates were used to categorize patients as compliant/non-compliant at the
beginning of the analysis and remained in this status over a time horizon of the model.
• Patients were unable to develop CRC while in the surveillance health states.
• Patients who developed CRC were removed from the analysis in each annual cycle.

RESULTS

Figure 1. Model structure for non-invasive testing applies to a cohort of patients
eligible for RNA-FIT test, the mt-sDNA test, and FIT.

Figure 2. Model structure for Colonoscopy. Applies to cohort of patients that does not engage
in non-invasive screening; only colonoscopy is considered.
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o Use of the RNA-FIT results in a 17.6%, 59.5%, and 43.2% reduction in CRC cases versus mtsDNA, FIT, and colonoscopy, respectively.
o RNA-FIT screening strategy results in an 18.1%, 60.6%, and 45.3% reduction in CRC-related
deaths versus mt-sDNA, FIT, and colonoscopy, respectively.
o Compared to a colonoscopy-only screening program, RNA-FIT is associated with fewer
colonoscopies, and colonoscopies that detected AA or CRC increased from 14% to 35%.
o Due to the higher number of pre-cancerous adenomas detected, analysis shows RNA-FIT test
increases the number of screening colonoscopies following a positive test result by 362 and
919 versus mt-sDNA and FIT, respectively.
o The analysis demonstrated that RNA-FIT is comparable to mt-sDNA at an additional $207 per
patient over a 30-year time horizon due to higher colonoscopy and surveillance costs. This
was offset by lower costs associated with CRC diagnosis.
o RNA-FIT screening program was more costly than a screening program with FIT or
colonoscopy alone per patient over a 30-year time horizon due to higher costs associated
with non-invasive testing, screening colonoscopies, and surveillance colonoscopies. This was
offset by lower costs associated with CRC diagnosis.
RNA-FIT vs. no screening

Table 1. Screening inputs: Non-invasive tests. The table shows compliance rates, screening interval, and sensitivity/specificity inputs for each screening method are outlined in the table above.
AA: Advanced Adenoma, BP: Benign Polyp, CRC: Colorectal cancer, OPA: Other pre-cancerous adenoma (<1cm)

Input

As initial screening
method

Following positive noninvasive test

Source

Compliance with colonoscopy for those on a colonoscopy only
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58%

96.1%
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N/A
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Screening interval for those on a colonoscopy only screening
program

10 years
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95.5%
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Table 2. Screening inputs: Colonoscopy:
The table shows the compliance rates and detection rates for colonoscopy as an initial screening method and following a positive non-invasive test result. The detection rates for
colonoscopy are assumed to be higher following a positive result from a non-invasive test based on findings from a published study (Johnson, 2017). The table also shows the frequency of
complications associated with colonoscopy.

REFERENCES
1.
2.
3.
4.
5.
6.
7.
8.
9.

National Cancer Institute. 2014. SEER Cancer Statistics Factsheets: Colon and Rectum Cancer.
Ahn SB et al., The Miss Rate for Colorectal Adenoma Determined by Quality-Adjusted, Back-to-Back Colonoscopies. Gut Liver. 2012;6(1):64-70.
Quintero E et al. Colonoscopy versus fecal immunochemical testing in colorectal-cancer screening [published correction appears in N Engl J Med. 2016 May 12;374(19):1898]. N Engl J Med. 2012;366(8):697-706.
Prince M et al., Multitarget stool DNA tests increases colorectal cancer screening among previously noncompliant Medicare patients. World J Gastroenterol. 2017;23(3):464-471.
FDA Summary of Safety and Effectiveness Data: PMA P130017. Food and Drug Administration website. https://www.accessdata.fda.gov/cdrh_docs/pdf13/P130017b.pdf. Updated August 11, 2014.
Than M et al., Diagnostic miss rate for colorectal cancer: an audit. Ann Gastroenterol. 2015;28(1):94-98.
Johnson DH et al. Multitarget stool DNA test: clinical performance and impact on yield and quality of colonoscopy for colorectal cancer screening. Gastrointest Endosc. 2017;85(3):657-665.e1.
Zauber AG. Cost-effectiveness of colonoscopy. Gastrointest Endosc Clin N Am. 2010;20(4):751-770.
Wolf, A.M. et al., Colorectal cancer screening for average‐risk adults: 2018 guideline update from the American Cancer Society. CA: A Cancer Journal for Clinicians, 68: 250-281.

Over a 30-year time horizon, per 1000 individuals:
• 31 CRC cases were prevented
• 10 CRC-related deaths were prevented

CRC Cases Prevented

RNA-FIT test showed an incremental reduction in annual CRC cases:
• 17.6% vs. mt-sDNA
• 59.5% vs. FIT
• 43.2% vs. colonoscopy

Reduction in CRC-related
deaths

RNA-FIT test showed incremental reduction in CRC-related deaths of:
• 18.1% vs. mt-sDNA
• 60.6% vs. FIT
• 45.3% vs. colonoscopy alone

Cost impact per 1000
individuals

Cost per outcome
avoided

RNA-FIT test demonstrated incremental cost of:
• $207 vs. mt-sDNA per patient ($7 increase per patient per year)
• $2,767 vs. FIT per patient ($92 increase per patient per year)
• $1,939 vs. colonoscopy ($65 increase per patient per year)
RNA-FIT
mt-sDNA
FIT
Colonoscopy

Cost/ CRC prevented

$157,292
$164,258
$188,092
$143,608

Cost/ Death prevented

$529,391
$551,706
$617,098
$489,365

CONCLUSION AND FUTURE WORK
This early analysis shows that the RNA-FIT test could serve as a valuable and cost-effective
colorectal cancer screening strategy option in the average-risk population. A future Markov
model, which adds natural disease history, updated inputs, and customization is currently
under development to build upon the work presented here.

