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Outline

�Comparative effectiveness of colorectal cancer 
screening tests to inform health policy in US

�Microsimulation modeling of colorectal cancer
� MISCAN, SimCRC, and CRC-SPIN

�Examples
� US Preventive Services Task Force 2008 

� Age to start, age to stop, intervals, type of CRC screening test

� Centers for Medicare and Medicaid Services
� New Fecal Occult Blood test 2007
� CT colonography 2008-2009



Microsimulation Modeling of  
Colorectal Cancer (CRC)



Adenoma to Carcinoma Pathway

Normal
Epithelium

Small
Adenoma

Colorectal
Cancer

Advanced
Adenoma



Microsimulation Modeling 
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Evaluating Test Strategies for Colorectal 
Cancer Screening: A Decision Analysis

Report to the United States Preventive Services Task 

Force from the Cancer Intervention and Surveillance

Modeling Network (CISNET)

MISCAN: Ann Zauber, Marjolein van Ballegooijen, Iris Lansdorp-Vogelaar 

SimCRC: Karen Kuntz, Amy Knudsen



Example 1: Questions addressed by CISNET 
for US Preventive Services Task Force 2007 

�USPSTF addresses updates for the 2002 
colorectal cancer screening recommendations

�Evidence based literature review

�Task Force requested a decision analysis for 
recommended CRC screening tests for
� age to begin 
� age to end
� rescreening interval
� Should the current recommendations be changed?

�Microsimulation models (MISCAN and SimCRC) 
of CISNET consortium used for the decision 
analysis to inform health policy 



Colorectal Cancer Screening Strategies
Cohort of 40 year olds in 2005

Age Begin

40

50

60

Screening 
Tests

Hemoccult II

Hemoccult SENSA

FIT

Flex Sig*

Flex Sig* + SENSA

Colonoscopy

(No Screening)

* With biopsy

Rescreening
Intervals

1,2,3 – FOBT

5,10,20- Endos

Age Stop

75

85

Surveillance** No stop age

Adherence 100%

** 3 year for advanced adenomas, 5-10 (5) for 

non-advanced adenomas

145 Test Strategies
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Outcome Measures

� Most effective = Greatest life years gained relative to 
no screening

� Weigh effectiveness against 
resources required and exposure to risks:     
Colonoscopy as resource and risk indicator

�Endoscopy resources
�Perforation risk 

� Life years gained (LYG) vs
Total colonoscopies in lifetime 
(per 1000 persons in population)
.
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Life years gained by colonoscopies required 
for adherence of 100%, 80% and 50% (MISCAN)
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CONCLUSIONS 

�Current recommended guidelines* are on 
or close to the efficiency frontier

�Beginning at age 50 balances life years 
gained and number of colonoscopies 
required and associated risk of 
perforation

�To increase efficiency of current 
guidelines*, stop screening at age 75
� should depend on life expectancy of person 

rather than strict chronological age

*MultiSociety and ACS



CONCLUSIONS for Adherence

� Adherence conclusions
� Life years gained and colonoscopies decreased with 

decreased adherence BUT
� The overall conclusions did not change substantially as 

adherence varied from 50% to 100%.

� Hemoccult II and flexible sigmoidoscopy every 5 years 
remained the least two attractive alternatives re life years 
gained

� Colonoscopy every 10 years improved a bit relative to the other 
strategies when adherence was 80% but lost its health benefit 
advantage when adherence as 50%



Cost-Effectiveness of CT Colonography
to Screen for Colorectal Cancer

Report to the Centers for Medicare and Medicaid Services 

from the Cancer Intervention and Surveillance

Modeling Network (CISNET)

MISCAN: Ann Zauber, Marjolein van Ballegooijen, Iris Lansdorp-Vogelaar 

SimCRC: Karen Kuntz, Amy Knudsen

CRC-SPIN: Carolyn Rutter, James Savarino



Example 2:
Medicare Reimbursement for New CRC Screen Test

� Agency for Health Care Research and Quality (AHRQ) 
asked CISNET modelers to
� Assess the cost-effectiveness of fecal immunochemical tests 

and DNA stool testing compared with currently available tests*
� Determine threshold costs for the DNA stool test to be cost-

effective

Guaiac FOBT Fecal immunochemical test DNA Stool Test

$4.54 $22.22
?

FIT: https://www.cms.hhs.gov/mcd/viewtechassess.asp?where=index&tid=20

Stool DNA test:  https://www.cms.hhs.gov/mcd/viewtechassess.asp?id=212



CT Colonography (CTC) or 
“Virtual Colonoscopy”

CTC Image Optical Colonoscopy

Courtesy of Beth McFarland, MD

18 mm sessile lesion in transverse colon



Strategies Evaluated in Base-Case Analysis

Strategy* Screening Interval

CTC (6 mm referral threshold) 5 years

Colonoscopy (COL) 10 years

FOBT (Hemoccult II, Hemoccult SENSA, FIT) 1 year
Flexible sigmoidoscopy without biopsy (SIG) 
OR with biopsy (SIGB) 5 years

SIG/SIGB + FOBT 5 years, 1 year

No screening --

*Assuming 100% adherence with all screening, follow-up, and surveillance tests

� Cohort of interest is a previously unscreened 65-year-old US 
population in 2005 (i.e., Medicare eligible)

� Outcomes (costs, life-years gained) tallied from CMS perspective



CTC Performance

�Base-case analysis evaluates two sets of CTC 
test characteristics 
� Department of Defense (DoD) study (Pickhardt 2003)
� National CT Colonography (NCTC) trial (Johnson 2008)

�DoD study more likely to represent best-case for 
CTC

�NCTC trial more likely to represent performance in 
community practice with well-trained radiologists
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Costs: 
Medicare reimubursement

�Cost per screening exam
� CTC:  $488
� COL without polypectomy:  $500
� COL with polypectomy:       $650

�Complications

�CRC treatment
� By stage and phase of care



CISNET microsimulation modeling 
addresses issues in CTC screening

� Unknown natural history of small adenomas
� What size polyps should be referred for colonoscopy?

� > 6 mm recommended,  > 10 mm possible?
� Lesions < 6 mm not reported by CTC

� Repeat CTC screening interval
� 5, 10 years, other?

� Better adherence to CTC than other CRC screen tests?
� Pro:  Minimally invasive, whole colon, high sensitivity,           

no sedation
� Con:  Full cathartic prep (not virtual), stool tagging,     

perforation risk, radiation dose, extracolonic findings,               
< 6 mm lesions not reported, positives referred for colonoscopy



Efficient Frontier (example)
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Efficient Frontier (example)
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Results

Life-years Gained vs. No Screening

Cost-effectiveness of CTC (Efficient Frontier)

Threshold Costs per CTC Scan
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Efficient Frontier
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Threshold Unit Costs for Base-case 
CTC Strategy (6 mm 5y) 
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Sensitivity Analyses

Threshold Values by Screening Interval & 
Lesion Size Triggering Colonoscopy 

Referral
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Sensitivity Analysis

Threshold Values by CTC
Adherence Assumption



Threshold Unit Cost at which CTC (DoD 6 mm 5y) 
Strategy is on the Efficient Frontier, by Adherence

From SimCRC model
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Sensitivity Analysis

Comparison Across Three
Microsimulation Models



Threshold Unit Cost below which Base-case CTC 
Strategy (6 mm 5y) is on the Efficient Frontier by Model
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Conclusions

� CTC provides a benefit in terms of life-years gained 
compared with no screening
� If CTC performed every 5y with a 6 mm referral threshold, LYG 

slightly less than with colonoscopy screening every 10y

� CTC is not an efficient screening strategy when cost is 
$488 per scan
� Threshold analyses indicate CTC every 5y with a 6 mm referral 

threshold could be efficient if cost is $108-205 per scan 
(depending upon test characteristics and model)

� Higher cost per scan can be supported if adherence with 
CTC is better than that with other tests

� Despite differences across model results, three 
independent microsimulation models reached similar 
conclusions



Limitations

“All models are wrong, some are useful.”

- George Box, 1979
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