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Agenda

▪ Modeling for AGA Workshop, and publication in 

Gastroenterology

▪ Modeling since NEJM March 2024 publications:

➢ cell-free blood DNA (cf-bDNA, Guardant Shield)

➢ next-generation multi-target stool DNA (ng-MT-sDNA, 

Cologuard, Exact Sciences)



MOSAIC

▪ Model of Screening and Surveillance for Colorectal 

Cancer (MOSAIC)

▪ Refinement from our previously published model 

(validated vs. screening RCTs)

▪ MOSAIC v2023.1

➢ Calibration to contemporary polyp prevalence

➢ Validation to metachronous CRC incidence and death 

after colonoscopy (normal, LRA, HRA)
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NA-P = Non-advanced polyp

APL = Advanced precancerous lesion

CRC-L = localized CRC

CRC-R = regional CRC

CRC-D = distant CRC

Sx = symptoms

Rx = treatment



Validations: 4 RCTs and 4 post-colonoscopy cohorts

Sharaf and Ladabaum, Am J Gastroenterol 2013;108:120

CRC Incidence RR screen vs. not

CRC Death RR screen vs. not

Click et al, 
JAMA 

2018;319:2021

Ladabaum et al, 
Gastroenterology 
2024; In press

❖ ALSO:

✓ He et al, Gastro 2020;158:852

✓ Lee et al, Gastro 2020;158:884

✓ Loberg et al, NEJM 2014;371:9



CMS Coverage Decision, 2020

CMS National Coverage Determination



Ladabaum et al, Gastroenterology 2024; In press



Ladabaum et al, Gastro 2024; In press

CMS min every 3y 

is less effective than

Colonoscopy, FIT, 

MT-sDNA



Blood test (CMS min): 

CRC sensitivity 74% 

CRC specificity 90%
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Blood test (CMS min): 
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CMS min YEARLY 

approaches

MT-sDNA



Guardant Shield: 

CRC sensitivity 83% 

APL sensitivity 13%

Ladabaum et al, Gastro 2024; In press

Shield every 3y is 

less effective than

Colonoscopy, FIT, 

MT-sDNA



mSeptin9: 

CRC sensitivity 64% 

CRC specificity 79% *
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mSeptin9 q3y is 

more effective than

CMS min, Shield q3

* non-specificity 

“detects” APL



mSeptin9: 

CRC sensitivity 64% 

CRC specificity 79% *

Ladabaum et al, Gastro 2024; In press

mSeptin9 q3y is 

more effective than

CMS min, Shield q3

* non-specificity →

“detects” APL



Participation relative to annual FIT

Ladabaum et al, Gastro 2024; In press

▪ CMSmin (sens 74%, spec 90% for CRC) q3 years 

matches annual FIT’s results for: 

➢ CRC prevention at 1.8x participation

➢ CRC death prevention at 1.5x participation

➢ QALYs gained at 1.4x participation



MOST IMPORTANT MESSAGE

Ladabaum et al, Gastro 2024; In press

▪ CMSmin that captures unscreened “always-refusers” 

for stool tests or colonoscopy:

➢ improves outcomes

➢ $28,500/QALY gained (if same cost as MT-sDNA)

▪ CMSmin that substitutes for effective stool tests or 

colonoscopy:

➢ worsens outcomes



Sensitivity for 

Advanced 

Precancerous 

Lesion (APL) is 

critical!
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Sensitivity for 

Advanced 

Precancerous 
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Increasing 

CRC 

sensitivity 

has modest 

impact



Sensitivity for 

Advanced 

Precancerous 

Lesion (APL) is 

critical!

Ladabaum et al, Gastro 2024; In press

Increasing 

APL 

sensitivity 

has large 

impact



A paradigm-changing blood test

Ladabaum et al, Gastro 2024; In press

▪ CRC sensitivity 90%

▪ APL sensitivity 70-80%

▪ False positive rate 10% (90% “specificity”)

▪ Every 3 years

▪ Test cost $120 - $140
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MOSAIC’s predictions (probabilistic)

▪ Account for decreases in specificity for cf-bDNA

and ngMT-sDNA as age increases

▪ Account for increases in APL detection for      

cf-bDNA and ngMT-sDNA as age increases

▪ Reflect uncertainty in test performance 

characteristics (distributions, 95% CIs)

▪ Compare to FIT CRC sensitivity 67% (not 74%)



Perfect participation and colonoscopy f/up

Numbers above bars 

are Relative Risk vs. 

no screening (mean 

[95% range of 10,000 

iterations])



Differential per-round participation, colo f/up 60%

Numbers above bars 

are Relative Risk vs. 

no screening (mean 

[95% range of 10,000 

iterations])



Summary

▪ CMSmin: probably highly effective and cost-effective 

in persons who refuse stool tests or colonoscopy

▪ CMSmin (every 3 years) should not substitute for 

stool tests or colonoscopy

▪ Guardant Shield resembles CMSmin

▪ APL sensitivity should be a priority for test 

developers

▪ Participation and test cost are key variables




