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Computed tomographic colonography (CTC) is a promising tech-
nique for colorectal cancer screening. With CTC, two- and three-
dimensional images are reconstructed to allow the visualization of 
protrusions in the bowel walls, such as those produced by polyps 
and cancer. Recent studies (1–7) have demonstrated that CTC and 
colonoscopy have similar sensitivities for detection of adenomas  
10 mm or larger. Because CTC is less invasive than colonoscopy, it 
may be more acceptable to patients (8,9). However, patients under-
going CTC must undergo extensive bowel preparation similar  
to that required for colonoscopy, and suspicious lesions identified 

on CTC require the patient to undergo a second procedure 
(colonoscopy) for biopsy or removal.

In May 2008, the Coverage and Analysis Group at the Centers 
for Medicare and Medicaid Services (CMS) requested an analysis 
of CTC screening for colorectal cancer among Medicare enrollees 
from the Technology Assessment Program at the Agency for 
Healthcare Research and Quality (AHRQ) to inform a national cov-
erage determination (http://www.cms.gov/mcd/viewdecisionmemo 
.asp?id=220; tracking number CAG-00396N). AHRQ commis-
sioned the three colorectal cancer modeling groups from the 
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 Background The Centers for Medicare and Medicaid Services (CMS) considered whether to reimburse computed tomo-
graphic colonography (CTC) for colorectal cancer screening of Medicare enrollees. To help inform its decision, 
we evaluated the reimbursement rate at which CTC screening could be cost-effective compared with the co-
lorectal cancer screening tests that are currently reimbursed by CMS and are included in most colorectal 
cancer screening guidelines, namely annual fecal occult blood test (FOBT), flexible sigmoidoscopy every  
5 years, flexible sigmoidoscopy every 5 years in conjunction with annual FOBT, and colonoscopy every  
10 years.

 Methods We used three independently developed microsimulation models to assess the health outcomes and costs as-
sociated with CTC screening and with currently reimbursed colorectal cancer screening tests among the average-
risk Medicare population. We assumed that CTC was performed every 5 years (using test characteristics from 
either a Department of Defense CTC study or the National CTC Trial) and that individuals with findings of 6 mm 
or larger were referred to colonoscopy. We computed incremental cost-effectiveness ratios for the currently 
reimbursed screening tests and calculated the maximum cost per scan (ie, the threshold cost) for the CTC 
strategy to lie on the efficient frontier. Sensitivity analyses were performed on key parameters and 
assumptions.

 Results Assuming perfect adherence with all tests, the undiscounted number life-years gained from CTC screening 
ranged from 143 to 178 per 1000 65-year-olds, which was slightly less than the number of life-years gained 
from 10-yearly colonoscopy (152–185 per 1000 65-year-olds) and comparable to that from 5-yearly sig-
moidoscopy with annual FOBT (149–177 per 1000 65-year-olds). If CTC screening was reimbursed at $488 
per scan (slightly less than the reimbursement for a colonoscopy without polypectomy), it would be the 
most costly strategy. CTC screening could be cost-effective at $108–$205 per scan, depending on the 
microsimulation model used. Sensitivity analyses showed that if relative adherence to CTC screening was 
25% higher than adherence to other tests, it could be cost-effective if reimbursed at $488 per scan.

 Conclusions CTC could be a cost-effective option for colorectal cancer screening among Medicare enrollees if the reimburse-
ment rate per scan is substantially less than that for colonoscopy or if a large proportion of otherwise un-
screened persons were to undergo screening by CTC.

   J Natl Cancer Inst 2010;102:1238–1252
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National Cancer Institute’s Cancer Intervention and Surveillance 
Modeling Network (CISNET) to perform a cost-effectiveness 
analysis of CTC screening among the average-risk Medicare 
population. The objective of this analysis was to identify the  
reimbursement rate at which CTC would be cost-effective com-
pared with the colorectal cancer screening tests that are currently 
reimbursed by CMS. The findings were presented to the Medicare 
Evidence Development and Coverage Advisory Committee in 
November 2008 and are described here.

Methods
Models
We evaluated the cost-effectiveness of CTC screening by using 
three microsimulation models of colorectal cancer that were devel-
oped independently within the CISNET consortium: the 
Microsimulation Screening Analysis (MISCAN) model from 
Erasmus University Medical Center (Rotterdam, the Netherlands) 
and Memorial Sloan-Kettering Cancer Center (New York, NY), 
the Simulation Model of Colorectal Cancer (SimCRC) from the 
University of Minnesota (Minneapolis, MN) and Massachusetts 
General Hospital (Boston, MA), and the Colorectal Cancer 
Simulated Population model for Incidence and Natural History 
(CRC-SPIN) from Group Health Research Institute (Seattle, 
WA). Standardized profiles of the structure and assumptions of 
each model are available at http://cisnet.cancer.gov/profiles/ and 
are summarized in the Supplementary Material (available online). 
Each model simulates the life histories of a large population of in-
dividuals from birth to death and has a natural history component 
that tracks the progression of colorectal disease in the absence of 
screening (Figure 1). As a simulated individual ages, one or more 
adenomas may develop, and the risk of developing an adenoma 
depends on the individual’s age, sex, and individual risk; sessile-
serrated adenomas are not simulated in any of the models. 
Adenomas may grow in size, and some may become malignant.  
A preclinical (ie, undetected) cancer has a chance of progressing from 
stage I to stage IV and may be detected by symptoms at any stage.

These natural history models were calibrated to data from au-
topsy studies (10–19) and to Surveillance, Epidemiology, and End 
Results (SEER) Program data for 1975–1979, which was before 
the introduction of colorectal cancer screening (20). The models 
use all-cause mortality estimates from US life tables and stage-
specific colorectal cancer survival data from SEER (1996–1999) 
(20). The outcomes predicted by the natural history models for 
individuals at age 65 years are compared in Appendix Table 1.

Each model also has a screening component that simulates the 
ability of a screening test to detect adenomas or preclinical cancer. 
During a screening round, a simulated individual with an under-
lying adenoma or preclinical cancer has a chance of having the le-
sion detected depending on the sensitivity of the test for that lesion 
and, for testing by colonoscopy or sigmoidoscopy, whether the 
lesion is within the reach of the endoscope. For an individual with-
out an underlying adenoma or cancer, we applied the test’s false-
positive rate (ie, 1 minus specificity) to determine whether or not 
that individual will undergo an unnecessary follow-up colonos-
copy. Although nonadenomatous polyps are not modeled explic-
itly, they are reflected in the false-positive rate of the test. Thus, 

cONteXt AND cAVeAtS

Prior knowledge
Although computed tomographic colonography (CTC) and colonos-
copy have similar sensitivities for detection of large (≥10 mm) ade-
nomas, the former is less invasive and thus may be more 
acceptable to patients. To inform a national coverage determina-
tion by Medicare, a cost-effectiveness analysis of CTC screening 
was conducted among the average-risk Medicare population to 
identify the reimbursement rate at which CTC would be cost-effec-
tive compared with currently reimbursed colorectal cancer 
screening tests, including 10-yearly colonoscopy.

Study design
Three independently developed microsimulation models of colo-
rectal cancer were used to assess the health outcomes and costs 
associated with 15 screening strategies, including no screening, 
CTC screening every 5 years, annual fecal occult blood test (FOBT), 
flexible sigmoidoscopy every 5 years, flexible sigmoidoscopy 
every 5 years in conjunction with annual FOBT, and colonoscopy 
every 10 years, among a previously unscreened cohort of 65-year-
old average-risk Medicare beneficiaries.

Contribution
Assuming perfect adherence to all tests, the number of life-years 
gained from 5-yearly CTC was similar to the number gained from 
10-yearly colonoscopy. If CTC was reimbursed at roughly the same rate 
as a colonoscopy without polypectomy, it would be the most costly of 
all the strategies and the cost, relative to the benefit derived and to the 
availability and costs of other colorectal cancer screening tests, would 
be too high for it to be a cost-effective screening strategy.

Implications
CTC could be a cost-effective option for colorectal cancer screening 
among Medicare enrollees if the test cost was substantially less 
than that of colonoscopy or if a large proportion of otherwise un-
screened persons were to undergo screening by CTC.

Limitations
Excess risks and costs associated with radiation exposure or with 
the detection of extracolonic findings on CTC were not considered. 
Estimates of the numbers of life-years were not quality adjusted. 
Conditional independence of repeat screenings was assumed. 
Patient time costs were based on assumptions.

From the Editors
 

individuals may be referred for a follow-up colonoscopy and incur 
polypectomy costs as a result of the detection of nonadenomatous 
polyps. The models incorporate the risk of fatal complications that 
are associated with perforation during colonoscopy and, to a lesser 
extent, sigmoidoscopy and CTC.

To ensure that differences in predictions among the three 
models were due solely to differences among the natural history 
models themselves, we standardized all model inputs, including 
test characteristics, costs, and screening and follow-up assump-
tions, as well as all-cause mortality rates and survival following 
cancer diagnosis.

Screening Strategies
We evaluated the health effects and costs associated with CTC 
screening every 5 years (21) and compared them with the health 
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effects and costs associated with the screening tests that are  
currently covered by Medicare (22) and are included in most  
colorectal cancer screening guidelines (21,23–25): annual fecal 
occult blood test (FOBT), flexible sigmoidoscopy every 5 years, 
flexible sigmoidoscopy every 5 years in conjunction with annual 
FOBT, and colonoscopy every 10 years. We considered three 
commonly used FOBTs (Hemoccult II, Hemoccult SENSA, and 
immunochemical FOBT) and two strategies for sigmoidoscopy 
(with and without biopsy). Although Medicare covers screening 
with barium enema, we did not include this procedure in our 
analysis because it is rarely used for routine screening (26,27). In our 
primary or base-case analysis, we assumed that all individuals begin 
colorectal cancer screening at age 65 years and stop at age 80 years.

Follow-up, Surveillance, and Adherence Assumptions
We assumed that individuals with a positive FOBT or sigmoidos-
copy or with a CTC finding of 6 mm or larger were referred for 
diagnostic follow-up with colonoscopy (21). We assumed that if no 
adenomas or cancer were detected at follow-up, the individual 
underwent subsequent screening with colonoscopy every 10 years 
(as long as the subsequent colonoscopies were negative); no other 
switching between screening tests was allowed. Individuals with 
adenomas that were detected and removed by colonoscopy 
(screening or diagnostic) were assumed to undergo colonoscopy 
surveillance per guidelines (ie, every 3 years for individuals with an 
adenoma 10 mm or larger or with three or more adenomas of any 
size detected at the last colonoscopy, or every 5 years otherwise) 
(28,29). We assumed that surveillance continued until a diagnosis 
of colorectal cancer or death. For the base-case analysis, we as-
sumed that individuals were 100% adherent with the screening test 
of interest and with the recommended follow-up and surveillance; 
alternative adherence assumptions were explored in a sensitivity 
analysis.

Test Characteristics
Table 1 presents the screening test characteristics used in the 
analyses. We considered two sets of CTC performance character-
istics: those from a Department of Defense study of colorectal 
cancer screening by CTC in asymptomatic adults (3) and those 

from the National CTC Trial (5), which assessed the accuracy  
of CTC in detecting histologically confirmed, large (≥10 mm in 
diameter) colorectal adenomas and cancers. We considered the 
test performance characteristics in these studies separately rather 
than pooling them because doing so allowed us to explore the 
impact of somewhat divergent estimates of CTC accuracy on our 
predictions (6).

The sensitivity and specificity of each of the FOBTs were based 
on values reported in a literature review (30). Sensitivities for 
colonoscopy were from a systematic review and a meta-analysis 
(31); we assumed that the sensitivities for sigmoidoscopy were the 
same as those for colonoscopy for adenomas and cancers located 
within the reach of the sigmoidoscope and were 0 for lesions lo-
cated beyond the reach of the scope. We assumed that 5% of indi-
viduals had more than one colonoscopy to visualize the entire 
colon and that the cecum was ultimately reached in 98% of indi-
viduals screened. For sigmoidoscopy, we assumed that 80% of ex-
aminations reached the junction of the sigmoid and descending 
colon and that 40% reached the beginning of the splenic flexure 
(32,33).

Costs
The base-case cost-effectiveness analysis was conducted from the 
payer’s (ie, CMS) perspective; accordingly, beneficiary copay-
ments, patient time costs, and the costs of lost productivity because 
of death or disability were not included. Screening costs were 
based on the national average (ie, unadjusted for geographic loca-
tion) Medicare payments in 2007 for procedures and tests associ-
ated with colorectal cancer screening and complications of 
screening (30). These payments reflect approximately 80% of the 
allowable charges, including the facility charges (as applicable) and 
physician services charges. The estimates for the cost of colonos-
copy with and without polypectomy are weighted averages of the 
costs across each point of service (ie, ambulatory surgery centers, 
hospital outpatient settings, and office settings) and include the 
cost of sedation, assuming that it was not delivered by an anesthe-
siology professional.

Currently, there is no national CMS payment rate for a 
screening CTC. Therefore, for the base-case analysis, we consid-
ered the reimbursement cost of CTC to be the sum of the national 
average CMS payments for abdominal and pelvic computed 
tomography without contrast plus the national average CMS pay-
ments for image processing on an independent workstation. For 
consistency with our other cost estimates (ie, those of other 
screening tests, complications, and treatment), we converted the 
2008 CMS payment rates for the computed tomography proce-
dures to 2007 dollars by using a decrease of 3.5% in medical care 
costs, yielding a base-case unit cost for CTC of $488. This cost 
estimate is only slightly lower than the cost of a colonoscopy with-
out polypectomy ($498) (Table 1).

We also considered the rates and associated costs of the major 
complications of screening (Table 2). There are no complications 
associated with FOBT. Patients undergoing a colonoscopy and,  
to a lesser extent, sigmoidoscopy or CTC are at risk of a colon 
perforation; we assumed that 5.2% of perforations resulted in 
death (35). Colonoscopy is also associated with serosal burns and 
with bleeding that may or may not, require transfusion (36–41).  

Dead from 
colorectal 

cancer

No lesion Growing 
adenoma 

Clinical
colorectal 

cancer

Progressing 
preclinical
colorectal 

cancer

Adenoma removal 
(primary prevention) 

Early
detection

Screening effects 

Figure 1. The natural history of colorectal cancer as simulated by the 
Microsimulation Screening Analysis (MISCAN), Simulation Model of 
Colorectal Cancer (SimCRC), and Colorectal Cancer Simulated 
Population model for Incidence and Natural History (CRC-SPIN) models. 
The opportunity to intervene in the natural history through screening is 
indicated by the dotted lines. Screening can remove a precancerous 
lesion (ie, adenoma), thus preventing it from progressing to cancer, or 
it can detect a preclinical cancer at a potentially earlier stage of disease 
when it is more amenable to treatment.
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We assumed that an individual who has a perforation or bleeding 
that requires transfusion would be hospitalized. The cost of per-
foration was based on the 2007 payments for Diagnosis-Related 
Group code 442 (other operating room procedures for injuries 
with colon cancer), and the cost of bleeding with transfusion was 
based on the 2007 payment for Diagnosis-Related Group code 
452 (complications with treatment of colon cancer) (42). We as-
sumed that a serosal burn would cost the same as bleeding that 
requires transfusion. For bleeding that does not require transfu-
sion, we assumed that the individual would be treated in an emer-
gency room visit and that the cost of this visit would be based on 
the 2007 physician and facility payments for Physicians’ Current 
Procedural Terminology code 99284 (emergency department visit 
for a level 4 patient) (43).

Net costs of colorectal cancer–related care by stage and phase 
of care (Table 2) were obtained from an analysis of 1998–2003 
SEER–Medicare linked data that compared the Medicare claims of 
colorectal cancer patients with those of control subjects without 
colorectal cancer who were matched by age, sex, and SEER area 
(R. Yabroff and M. Brown, personal communication, National 
Cancer Institute) and used the same methodology reported by 
Yabroff et al. (44), with stage reclassified using the American Joint 

Committee on Cancer staging algorithm (as opposed to SEER 
historic stage) and costs in the last year of life stratified according 
to whether the individual died from colorectal cancer or from 
other causes. The costs were converted to 2007 dollars using the 
Consumer Price Index for all items (45).

Cost-Effectiveness Analysis
We used the simulation models to calculate the lifetime costs, life 
expectancy, and total number of colonoscopies (ie, those for 
screening, follow-up of individuals with a positive result on an-
other screening test, surveillance of individuals with a history of an 
adenoma, and diagnosis of individuals with symptomatic colorectal 
cancer) for a previously unscreened cohort of 65-year-old Medicare 
beneficiaries under 15 screening strategies, including no screening. 
We tallied costs from the perspective of CMS and discounted 
future costs and total life-years by 3% annually (46). We assessed 
the relative performance of each economically efficient (ie, non-
dominated) strategy using the incremental cost-effectiveness ratio, 
which is the additional cost of a strategy divided by its additional 
clinical benefit compared with the next less expensive nondomi-
nated strategy. Dominated strategies included those that were 
more costly and less effective than a competing option (ie, strongly 

Table 1. Screening test characteristics and costs used in the analyses*

Analysis/screening test

Test characteristics

Test costs by perspective, $
Sensitivity† for adenomas by size 

and for CRC, %

Specificity, % Source1–5 mm 6–9 mm ≥10 mm CRC CMS‡
Modified 
societal§ Source

Base-case analysis
 Hemoccult II 2 5 12 40 98 (30) 5 22 (30)
 Hemoccult SENSA 7 12 24 70 93 (30) 5 22 (30)
 Immunochemical FOBT 5 10 22 70 95 (30) 22 39 (30)
 Sigmoidoscopy without biopsy║ 75 85 95 95 92¶ Assumption 161 270 (30)
 Sigmoidoscopy with biopsy║ 75 85 95 95 100 Assumption 348 497 (30)
 Colonoscopy without polypectomy 75 85 95 95 90¶ (31) 498# 795# (30)
 Colonoscopy with polypectomy 75 85 95 95 90¶ (31) 649# 979# (30)
 CT colonography DoD — 84** 92 92†† 80‡‡ (3) 488 644 Assumption
 CT colonography NCTC — 57** 84 84†† 88‡‡ (5) 488 644 Assumption
Sensitivity analysis
 CT colonography DoD — — 92 92†† 96‡‡ (3) 488 644 Assumption
 CT colonography NCTC — — 84 84†† 86‡‡ (5) 488 644 Assumption

* — = Sensitivity is not provided because adenoma size is smaller than the referral threshold for a colonoscopy of 6 mm (base-case analysis) or 10 mm (sensi-
tivity analysis); CMS = Centers for Medicare and Medicaid Services; CRC = colorectal cancer; CT = computed tomographic; DoD = Department of Defense 
study; FOBT = fecal occult blood test; NCTC = National CT Colonography Trial.

† Sensitivity is provided per individual for FOBTs and per lesion for endoscopy and CT colonography.

‡ Costs reflect 2007 CMS payment rates and do not include beneficiary copayments or patient time costs.

§ Costs reflect 2007 CMS payment rates, beneficiary copayments, and patient time costs.

║ Test characteristics for sigmoidoscopy apply only to lesions in the distal colon and rectum.

¶ The lack of specificity with endoscopic tests reflects the detection of nonadenomatous lesions. With sigmoidoscopy, the presence of nonadenomatous lesions 
induces biopsy costs (in the case of sigmoidoscopy with biopsy) or results in referral for colonoscopy (in the case of sigmoidoscopy without biopsy). With 
colonoscopy, nonadenomatous lesions are removed and therefore induce polypectomy and biopsy costs.

# The cost of colonoscopy includes the cost of sedation, assuming that it is not delivered by an anesthesiologist. Higher colonoscopy cost estimates were 
explored in a sensitivity analysis.

**  Sensitivity for CT colonography for adenomas 6–9 mm in size was calculated from published tables (3,5).

††   Sensitivity for colorectal cancer was assumed to be the same as for adenomas ≥10 mm because of the small number of colorectal cancers detected in the 
DoD and NCTC studies.

‡‡   The lack of specificity with CT colonography reflects the detection of nonadenomatous polyps, artifacts, and adenomas smaller than the colonoscopy referral 
threshold (ie, adenomas <6 mm for the base-case analysis and adenomas <10 mm for the sensitivity analysis).
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dominated strategies) and those that had a higher incremental cost 
per life-year gained compared to a more costly strategy (ie, weakly 
dominated strategies). All nondominated strategies represent the 
set of potentially cost-effective (depending on the willingness to 
pay for a life-year gained) or “efficient” options. When the dis-
counted total costs and the discounted life-years gained associated 
with each strategy are plotted on a graph, the line connecting the 
subset of efficient strategies is called the efficient frontier (47). The 
incremental cost-effectiveness ratios were calculated using each set 
of CTC test characteristics in turn because the CTC strategies 
using the parameters from the Department of Defense study and 
from the National CTC Trial are not competing options.

Threshold Analyses
We performed two types of threshold analyses. In the first thresh-
old analysis, if CTC was found to be dominated by any of the 
currently reimbursed screening options, we calculated the max-
imum cost per scan (ie, the threshold cost) for the CTC strategy to 
lie on the efficient frontier (ie, to be included among the set of 
efficient strategies). If the CTC strategy was found to be the most 
effective of the strategies considered, we identified the threshold 
cost that would yield an incremental cost-effectiveness ratio com-
pared with the next least effective strategy of $50 000 per life-year 
gained. In the second threshold analysis, because the availability of 
CTC might entice previously unscreened individuals to undergo 
screening, we also identified threshold costs for CTC for scenarios 
in which we allowed adherence to CTC screening to be greater 
than that of all other screening modalities. For that analysis, we 
assumed an overall adherence-to-screening rate of 57% for each 
test [based on the percentage of Medicare-eligible individuals in 
the 2005 National Health Interview Survey (48) who were ad-
herent with colorectal cancer screening recommendations], and we 
assumed that this 57% of the population was completely adherent 

to screening and the rest of the population was completely nonad-
herent. Modeling adherence in this fashion allowed us to evaluate 
the impact of increased screening participation among a previously 
unscreened segment of the population. To do so, we then allowed 
better adherence to CTC screening than to other tests, increasing 
overall adherence rates for CTC by 10% (to an overall rate of 
62.7%) and by 25% (to an overall rate of 71.3%).

Sensitivity Analyses
We performed a number of sensitivity analyses to evaluate how 
threshold costs for CTC were influenced by our assumptions. 
First, we evaluated a scenario in which we restricted diagnostic 
follow-up to individuals with CTC findings of 10 mm or larger 
(see Table 1 for test characteristics). Second, we evaluated a sce-
nario in which the screening interval for CTC was 10 years (with 
diagnostic follow-up for individuals with lesions ≥6 mm). Third, 
because the specificity of colonoscopy is a function of the extent 
to which nonadenomatous polyps are removed by the endosco-
pist, we assessed whether the threshold costs of CTC changed if 
the specificity of colonoscopy was reduced from 90% to 80%, 
which reflects an approximate 20% prevalence of nonadenoma-
tous as the most advanced finding on colonoscopy (36). Fourth, 
we explored how the threshold costs of CTC change when the 
cost of a colonoscopy increases. Next, to explore the implications 
of our assumption of a population of unscreened 65-year-olds, 
we repeated our analysis for a cohort of 50-year-olds with 
screening beginning at age 50 years as recommended in screening 
guidelines (23–25) and life-years and lifetime costs tallied from 
age 50 years.

Finally, we repeated the analysis of a cohort of previously un-
screened 65-year-olds by using a modified societal perspective that 
included direct costs borne by beneficiaries and patient time costs. 
We labeled this a modified societal perspective because we did not 

Table 2. Model inputs for complication rates and costs and colorectal cancer (CRC) treatment costs*

Complication rates and complication costs by perspective, $
Annual cost of CRC treatment by stage at diagnosis, phase of care§, 

and perspective, $

Test complications Rate per 1000

Perspective

AJCC  
stage (34)

Phase of care§

CMS†
Modified 
societal‡ Initial Continuing

Terminal, death  
from CRC

Terminal, death 
from other cause

CT colonography CMS perspective†
 Perforation 0.0456 12 446 12 712 I 25 487 2028 45 689 11 257
Sigmoidoscopy    II 35 173 1890 45 560 9846
 Perforation 0.02 12 446 12 712 III 42 885 2702 48 006 13 026
Colonoscopy IV 56 000 8375 64 428 34 975
 Perforation 0.7 12 446 12 712 Modified societal perspective‡
 Serosal burn 0.3 5208 5474 I 32 720 2719 56 640 17 408
 Bleed with transfusion 0.4 5208 5474 II 43 752 2561 56 417 15 740
 Bleed without transfusion 1.1 320 586 III 53 003 3573 59 481 19 413

   IV 68 853 10 743 78 227 44 384

* AJCC = American Joint Committee on Cancer; CMS = Centers for Medicare and Medicaid Services; CT = computed tomographic.

† Costs reflect 2007 CMS payment rates and do not include beneficiary copayments or patient time costs.

‡ Costs reflect 2007 CMS payment rates, beneficiary copayments, and patient time costs.

§ The initial phase of care is the first 12 months following diagnosis, the terminal phase is the final 12 months of life, and the continuing phase is all the months 
between the initial and terminal phases.
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incorporate productivity costs nor did we quality adjust the life-
years associated with each strategy. Cost inputs for the modified 
societal perspective analysis are shown in Table 1 for the test costs 
and in Table 2 for the costs of complications from screening and 
of cancer treatment. We assumed that the (nonsleeping) patient 
times associated with screening were 8 hours for colonoscopy,  
4 hours for sigmoidoscopy, 2 hours for CTC, and 1 hour for 
FOBT and that the average (nonsleeping) time associated with a 
complication was 16 hours. Annual patient time associated with 
colorectal cancer care was estimated by R. Yabroff and M. Brown 
(personal communication) using previously described method-
ology (49). The value of an hour of patient time was assigned the 
2007 median wage rate from the Bureau of Labor Statistics of $17. 
We identified the threshold CTC costs from the modified societal 
perspective and then subtracted beneficiary copayments and 
patient time costs from these threshold costs to yield the corre-
sponding CMS payment rates.

results
Projected Undiscounted Outcomes
In the absence of screening, the models projected that 53–60 per 
1000 individuals alive and free of colorectal cancer at age 65 years 
would be diagnosed with the disease during their lifetime (Table 3). 
With screening, many of these cases could be prevented. Assuming 
100% adherence to screening, the reduction in colorectal cancer 
incidence projected by the three models ranged from 32% to 
46% with annual Hemoccult II screening to 53%–85% with 
10-yearly colonoscopy screening. In the SimCRC and CRC-
SPIN models, compared with no screening, 10-yearly colonoscopy 
was the most effective strategy in terms of life-years gained (171 
and 185 life-years gained, respectively, per 1000 65-year-olds). In 
the MISCAN model, the combination of 5-yearly flexible sig-
moidoscopy with an annual highly sensitive FOBT (ie, Hemoccult 
SENSA or immunochemical FOBT) was the most effective 
strategy compared with no screening, saving 154 life-years per 
1000 65-year-olds; with 10-yearly colonoscopy, 152 life-years 
were saved per 1000 65-year-olds screened. In all three models, 
10-yearly colonoscopy screening was associated with the largest 
number of colonoscopies (range = 2674–2794 per 1000 65-year-
olds). For the MISCAN model, annual screening with Hemoccult II 
was associated with the fewest number of colonoscopies (1217 per 
1000 65-year-olds), followed by 5-yearly sigmoidoscopy with  
biopsy (1430 per 1000 65-year-olds). For the CRC-SPIN and 
SimCRC models, 5-yearly sigmoidoscopy screening with biopsy 
was associated with the fewest number of colonoscopies (791 and 
901 per 1000 65-year-olds, respectively), followed by annual 
screening with Hemoccult II (823 and 955 per 1000 65-year-olds, 
respectively).

When CTC test characteristics from the Department of 
Defense study (3) were used in the three simulation models, 
5-yearly CTC screening with a 6-mm threshold for colonoscopy 
referral resulted in 2–7 fewer life-years gained and 672–1003 fewer 
colonoscopies per 1000 individuals compared with 10-yearly 
colonoscopy screening. Assuming that a CTC scan was reimbursed 
at $488 (only slightly less than the reimbursement for a colonos-
copy without polypectomy), 5-yearly CTC screening was more 
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costly than 10-yearly colonoscopy by approximately $600 000–
$700 000 per 1000 65-year-olds. When CTC test characteristics 
from the National CTC Trial (5) were used in the three simulation 
models, 5-yearly CTC screening resulted in 9–13 fewer life-years 
gained and 992–1291 fewer colonoscopies per 1000 65-year-olds 
compared with 10-yearly colonoscopy screening, with an increase 
in costs similar to that obtained using the CTC test characteristics 
from the Department of Defense study.

Cost-Effectiveness Analysis
Figure 2 shows the numbers of discounted life-years gained com-
pared with no screening, the discounted lifetime costs (from the 
CMS perspective), and the cost-efficient frontier showing the set 
of efficient (nondominated) strategies for the three simulation 
models. CTC screening using either set of test characteristics pro-
vided fewer discounted life-years gained than colonoscopy 
screening for all three models. Assuming a cost to CMS of $488 
per CTC scan, all three models showed that CTC would be the 
most costly strategy. Although CTC screening at that test cost was 
dominated by at least one of the currently recommended screening 
options, the incremental cost per discounted life-year gained of 
CTC compared with no screening was less than $10 000 in all 
three models and for each set of CTC test characteristics and 
ranged from $1800 to $9500 (Appendix Table 2).

Threshold and Sensitivity Analyses
Threshold analyses indicated that for the base-case 5-yearly 
CTC strategies to be on the efficient frontier (ie, to be included 
among the set of efficient strategies), a CTC scan would have to 
cost $122–$199 using the test characteristics from the Department 
of Defense study and $108–$205 using the test characteristics 
from the National CTC Trial, depending on the simulation 
model used (Table 4). In sensitivity analyses that considered the 
CTC screening interval and the lesion size that triggers diagnos-
tic follow-up, the ranges of threshold costs for CTC were wider 
than those using the two sets of test characteristics and the base-
case assumptions of 5-yearly CTC with a 6-mm referral thresh-
old for colonoscopy, but the threshold costs for CTC were still 
lower than the base-case cost estimate of $488 for all three 
models and never exceeded $371 (Table 4). Lengthening the 
screening interval to 10 years yielded higher threshold costs for 
CTC in the SimCRC model ($266 and $241 using test character-
istics from the Department of Defense study and the National 
CTC Trial, respectively) and CRC-SPIN model ($352 and $371 
for the two sets of test characteristics, respectively) and slightly 
lower threshold costs in the MISCAN model (to $103 and $108, 
respectively). In all three models, restricting follow-up colonos-
copy to individuals with CTC findings of 10 mm or larger low-
ered threshold costs for CTC compared with the threshold costs 
from the base-case analysis. Decreasing the specificity of colonos-
copy from 90% to 80% by assuming that one or more nonade-
nomatous polyp was removed for biopsy in 20% of colonoscopies 
modestly increased the threshold costs for CTC (data not 
shown).

Results of a sensitivity analysis on the unit cost of a colonoscopy 
are shown in Figure 3. In the MISCAN and SimCRC models, 
threshold costs for CTC decreased as the cost of a colonoscopy 

increased and never exceeded the base-case estimate of $488. In 
the CRC-SPIN model, threshold costs for CTC increased as the 
cost of a colonoscopy increased and exceeded the base-case esti-
mate of $488 per scan only when the unit cost of a colonoscopy 
was nearly 4.5 times higher than the base-case colonoscopy cost 
estimate of $498; at these higher colonoscopy costs, the incremen-
tal cost-effectiveness ratio for CTC screening exceeded $150 000 
per discounted life-year gained.

These differences in estimated threshold costs for CTC across 
models are because of differences in the screening strategies that 
are efficient at each colonoscopy cost level and, thus, against which 
the CTC strategy was compared. The MISCAN and SimCRC 
models determined threshold costs for CTC relative to FOBT and 
sigmoidoscopy strategies. The CRC-SPIN model determined 
threshold costs for CTC relative to 10-yearly colonoscopy, the 
strategy that was associated with the largest number of colonosco-
pies and is therefore the strategy that is most sensitive to changes 
in the cost of a colonoscopy. We observed a pattern of increasing 
threshold costs for CTC similar to that observed with the CRC-
SPIN model when we used the MISCAN and SimCRC models to 
estimate threshold costs for CTC relative to 10-yearly colonos-
copy screening (data not shown).

When we considered the costs and health effects of colorectal 
cancer screening among a previously unscreened 50-year-old 
cohort, we found cost thresholds for CTC that ranged from $72 to 
$179 per scan (data not shown). This range was lower than the 
range found for a cohort of previously unscreened 65-year-olds. 
The cost thresholds did not differ between the two sets of CTC 
test characteristics.

Cost thresholds for CTC were lower when the analysis was 
performed from the modified societal perspective rather than from 
the CMS perspective. After subtracting patient copayments and 
time costs from the threshold costs from the modified societal 
perspective, the CMS payment rates ranged from $26  
to $177 with the CTC test parameters from the Department of 
Defense study and less than $0 (ie, not cost-effective at any pay-
ment) to $181 with the test characteristics from the National CTC 
Trial.

If individuals who would not be screened otherwise would 
agree to be screened with CTC, the threshold costs would 
increase compared with the base-case estimates. With 10% of 
otherwise unscreened individuals adopting CTC screening (ie, an 
increase in overall adherence from 57% to 62.7%), CTC screening 
became the most effective strategy and threshold costs ranged 
from $204 to $408 (Table 4). With 25% of otherwise unscreened 
persons adopting CTC screening (ie, an increase in overall adher-
ence from 57% to 71.3%), the threshold costs ranged from $433 
to $694.

Discussion
We used three independently developed microsimulation models  
to evaluate the cost-effectiveness of CTC screening for colorectal 
cancer and found that the number of life-years gained from 
5-yearly CTC (with referral of individuals with findings of ≥6 
mm for a diagnostic colonoscopy) were similar to the number 
gained from 10-yearly colonoscopy screening, assuming perfect 
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adherence to all tests. However, if CTC was reimbursed at $488 
per test, slightly less than the reimbursement for a colonoscopy 
without polypectomy, the overall costs of the CTC strategies 
were greater than the costs of all of the other screening strat-

egies considered, and CTC was therefore dominated by other 
screening strategies in the cost-effectiveness analysis.

At first, it may seem surprising that CTC was not cost-effective 
when compared with the other colorectal cancer screening tests, 
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Figure 2. Discounted costs and discounted life-
years gained per 1000 65-year-olds screened for 14 
colorectal cancer screening strategies and the effi-
cient frontier connecting the efficient strategies. 
The two computed tomographic colonography 
(CTC) strategies are not competing options; they 
represent a range of CTC test characteristics. They 
are shown together for comparison purposes only. 
A) Microsimulation Screening Analysis (MISCAN). 
B) Simulation Model of Colorectal Cancer (SimCRC). 
C) Colorectal Cancer Simulated Population model 
for Incidence and Natural History (CRC-SPIN). COL 
= colonoscopy; DoD = Department of Defense study 
parameters; HII = Hemoccult II; HS = Hemoccult 
SENSA; IFOBT = immunochemical fecal occult 
blood test; NCTC = National CT Colonography Trial 
parameters; SIG = sigmoidoscopy without biopsy; 
SIGB = sigmoidoscopy with biopsy; y = years.
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considering that the sensitivity of CTC for large adenomas and 
colorectal cancer was almost comparable to that of colonoscopy 
and that the base-case estimate of the cost to CMS per CTC scan 
was slightly less than the CMS reimbursement rate for colonos-
copy. However, the recommended screening interval is 5 years 
with CTC vs 10 years with colonoscopy (21), and individuals with 
CTC findings measuring 6 mm or larger require a follow-up 
colonoscopy. Thus, even for people who never have an abnor-
mality detected, the costs of CTC are incurred twice as frequently 
as the cost of colonoscopy, whereas those who have a positive 
finding on CTC accrue the cost of a diagnostic colonoscopy in 
addition to the cost of the screening CTC. We found that at a 
cost of $108–$205 per scan, CTC would be a cost-effective 
strategy for colorectal cancer screening, assuming that the CTC 
performance characteristics in the Department of Defense study 

and the National CTC Trial are achievable in routine clinical 
practice.

CTC is a rapidly evolving technology. After we presented 
these findings to CMS, the Munich Colorectal Cancer Prevention 
Trial (7), a prospective trial that compared the performance char-
acteristics of CTC, colonoscopy, flexible sigmoidoscopy, immu-
nochemical FOBT, and FOBT for the detection of advanced 
colonic neoplasia among 307 asymptomatic adults, reported a 
CTC specificity of 93% using a 5-mm threshold for referral for a 
follow-up colonoscopy, which is higher than the CTC specificity 
of 80% in the Department of Defense study and of 88% in the 
National CTC Trial (both with 6-mm thresholds) and CTC sen-
sitivity estimates that were as high or higher than those in the 
Department of Defense study and the National CTC Trial. If 
these more favorable test characteristics are replicated in larger 

Figure 3. Computed tomographic (CT) 
colonography unit cost thresholds at which 
the base-case CT colonography strategies 
are efficient screening options compared 
with other reimbursed colorectal cancer 
screening strategies for different values for 
the unit cost of a colonoscopy without 
polypectomy. The CT colonography cost 
thresholds for unit colonoscopy costs as high 
as $4000 were calculated and used to fit the 
lines. The data points shown illustrate the 
colonoscopy cost below which the incremen-
tal cost-effectiveness ratio is less than refer-
ence values ($50 000, $100 000, and $150 000). 
CRC-SPIN = Colorectal Cancer Simulated 
Population model for Incidence and Natural 
History; DoD = Department of Defense study 
parameters; ICER = incremental cost-effec-
tiveness ratio; LYG = discounted life-year 
gained; MISCAN = Microsimulation Screening 
Analysis; NCTC = National CT Colonography 
Trial parameters; SimCRC = Simulation 
Model of Colorectal Cancer.
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Table 4. Computed tomographic colonography (CTC) unit cost thresholds ($) at which CTC strategies are efficient screening options 
compared with other Medicare-reimbursed colorectal cancer screening strategies*

Analysis†

DoD study test characteristics NCTC trial test characteristics

MISCAN SimCRC CRC-SPIN MISCAN SimCRC CRC-SPIN

Base-case analysis
 5-yearly CTC with 6-mm threshold for colonoscopy referral; equal  
  adherence for all tests

122 199 196 108 183 205

Sensitivity analyses
 5-yearly CTC with 10-mm threshold for colonoscopy referral; equal  
  adherence for all tests

98 192‡ 132‡ 49 135‡ 90‡

 10-yearly CTC with 6-mm threshold for colonoscopy referral; equal  
  adherence for all tests

103 266 352 108 241‡ 371

 5-yearly CTC with 6-mm threshold for colonoscopy referral; relative  
  adherence with CTC 10% higher than that with other tests

293§ 408§ 360§ 204§ 286§ 290§

 5-yearly CTC with 6-mm threshold for colonoscopy referral; relative  
  adherence with CTC 25% higher than that with other tests

547§ 694§ 668§ 433§ 544§ 571§

* CRC-SPIN = Colorectal Cancer Simulated Population model for Incidence and Natural History; DoD = Department of Defense study; MISCAN = Microsimulation 
Screening Analysis model; NCTC = National CT Colonography Trial; SimCRC = Simulation Model of Colorectal Cancer.

† See Table 1 for the test characteristics used in these analyses.

‡ CTC strategy is on the efficient frontier as the least effective and least costly nondominated strategy if the cost is, at most, this amount.

§ CTC strategy is the most effective strategy evaluated. The threshold cost shown here is the cost at which the CTC strategy is on the efficient frontier with an 
incremental cost-effectiveness ratio of $50 000 per life-year gained.
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studies, then the threshold cost of a CT scan would increase. 
However, the increase is likely to be small because, as noted 
above, individuals with positive findings on CTC require a second 
procedure, the follow-up colonoscopy. Therefore, research on 
techniques to improve detection rates with CTC may be less 
important in informing future coverage decisions than studies that 
assess whether or not individuals who have yet to be screened for 
colorectal cancer deem CTC more acceptable than other colo-
rectal cancer screening options. Our analysis showed that if the 
availability of CTC enticed 25% of otherwise unscreened individ-
uals to be screened, CTC would be cost-effective at the base-case 
cost estimate of $488. If only 10% of unscreened persons adopted 
CTC screening, CTC would become cost-effective at $204–$408 
per scan. To our knowledge, no clinical study has evaluated 
whether the addition of CTC to the menu of colorectal cancer 
screening options increases adherence among those who were 
previously unwilling to be screened.

Because colonoscopy reimbursement rates might be higher 
among non-Medicare providers, we evaluated how threshold 
costs for CTC changed as the cost of a colonoscopy increased. In 
two of the models, threshold costs for CTC decreased as the cost 
of a colonoscopy increased. In one model, threshold costs 
exceeded the base-case estimate of $488 per scan when the cost 
of a colonoscopy was 4.5 times higher than the base-case esti-
mate, although at this high colonoscopy cost the incremental 
cost-effectiveness ratio for CTC screening was in excess of 
$150 000 per life-year gained.

There are several limitations to this analysis. First, we did not 
consider excess risks and costs that are associated with radiation 
exposure or with the detection of extracolonic findings on CTC. 
The magnitude of these risks and costs are unclear, but their 
inclusion would likely yield lower threshold costs for CTC. With 
regard to extracolonic findings on CTC, there has been consid-
erable discussion about whether they represent an asset or lia-
bility (50–52). Longitudinal studies are needed to determine the 
long-term clinical outcomes and the potential benefits and harms 
associated with the spectrum of extracolonic diseases and condi-
tions that become evident with CTC. At present, such data are 
not available. In the Department of Defense study (3), 56 (4.5%) 
of the 1233 subjects had extracolonic findings that were deemed 
highly important, and a higher proportion of subjects had find-
ings that were deemed moderately important (total number with 
findings of moderate importance was not reported). In the 
National CTC Trial (5), 16% of subjects had a finding that was 
deemed to require follow-up or urgent care. Estimates of the 
costs associated with extracolonic findings vary considerably, 
ranging from $28 (53) to $248 (54) per person screened. 
Although there is uncertainty regarding the magnitude of the 
costs of extracolonic findings, their inclusion in analyses such as 
this one would likely result in lower threshold costs for CTC, 
even if treatment of the extracolonic findings led to a small gain 
in life expectancy.

Second, we did not quality adjust our estimates of the numbers of 
life-years. Although data on the quality of life among individuals 
with cancer have been reported (55), there is a lack of data on the 
quality-of-life implications of undergoing screening, follow-up, and 
surveillance procedures and, in particular, of waiting for test results.

Third, because there are no nationally representative longi-
tudinal data to our knowledge concerning colorectal cancer 
screening patterns among individuals younger than 64 years, we 
assumed that all 65-year-olds were previously unscreened. 
Many individuals who are entering the Medicare program will 
have had prior colorectal cancer screening, whereas others will 
have had none; only those with no prior screening and those 
with no adenomas or cancer detected at a prior screening are 
eligible for average-risk screening. The first group may be at 
higher-than-average risk of harboring colorectal neoplasia, 
whereas the latter group would likely be at lower risk. The risk 
of colorectal cancer for a previously unscreened population may 
therefore not be very different from the true risk. If the risk of 
colorectal cancer for the Medicare-eligible population differs 
from that for a previously unscreened cohort, our estimates of 
the life-years gained from screening may be overstated or un-
derstated depending on the true risk. However, because the 
threshold costs of CTC are assessed by comparing the relative 
costs and life-years gained between screening strategies, the 
threshold CTC costs may not be greatly affected by the baseline 
colorectal cancer risk. Indeed, in the sensitivity analysis on a 
population (ie, 50-year-olds), the threshold CTC costs did not 
change substantially ($108–$205 for previously unscreened 
65-year-olds vs $72–$179 for 50-year-olds).

Fourth, in the sensitivity analysis of screening adherence, we 
assumed that individuals either were fully adherent with a screening 
strategy or were never screened. This assumption is an oversimpli-
fication of what occurs in practice but is closer to reality than as-
suming that all individuals show up randomly to their scheduled 
screens. Furthermore, because of a lack of data on test-specific 
adherence patterns with repeated screening, we could not account 
for the fact that adherence may differ between stool-based and 
endoscopic tests. It is unclear which screening methods would have 
greater adherence, those that are less invasive but that require 
more frequent testing (eg, stool-based tests) or those that are more 
invasive but require less frequent testing (eg, endoscopic and ra-
diological tests).

Fifth, we assumed conditional independence of repeat screen-
ings (ie, no systematic false-negative or false-positive results on 
repeat screens). This is a reasonable assumption for the FOBTs 
because bleeding of a lesion is thought to be a random event and 
for CTC because it can detect lesions that may be difficult to find 
with endoscopy, such as those located on folds (56). It may be a 
less reasonable assumption for endoscopy, in which case our 
estimates of the effectiveness of endoscopic strategies could be 
overstated. However, because colonoscopy is used for follow-up 
of positive results on all other screening tests and for surveil-
lance, the effectiveness of all strategies would be similarly over-
stated. Accordingly, the overall effect of the assumption of 
conditional independence on the threshold cost of CTC is 
unclear.

Sixth, patient time costs were based on assumptions because 
estimates were not available for most screening modalities. To our 
knowledge, patient time costs have only been assessed for one 
screening modality, that is, colonoscopy. Jonas et al. (57) reported 
a median time of 37 hours from initiation of colonic preparation 
to return to routine activities among 110 patients undergoing 
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screening colonoscopy. This estimate is considerably higher than 
our estimate of 8 hours because it also includes the patients’ sleep 
time. Our estimates of the time spent with complications (16 
hours) may also be underestimated. Although the costs of colonos-
copy screening would be most affected by our assumptions about 
patient time, the costs of all strategies ultimately would be affected 
because colonoscopy is used for follow-up of positive findings on 
other tests and for surveillance. Accordingly, we do not expect 
that increasing our estimates of the amount of patient time 
involved with screening and complications would have a large 
impact on the threshold costs of CTC from the modified societal 
perspective.

Finally, although we performed sensitivity analyses on key 
parameters, we did not specify distributions around the uncer-
tain parameters and sample from those distributions in a proba-
bilistic sensitivity analysis. Instead, to address uncertainties 
among model parameters that relate to the natural history of 
colorectal cancer, we used multiple models that were developed 
independently before we performed the analyses presented here 
and as such, they provide a sensitivity analysis on the structural 
assumptions of the models. The models differ in their estimates 
of dwell time, that is, the total amount of time a clinically 
detected colorectal cancer spends in the adenoma and preclinical 
cancer phases. The dwell time in the MISCAN model is, on av-
erage, shorter than the dwell times in the SimCRC and CRC-
SPIN models. On the basis of this difference, the MISCAN 
model estimates fewer life-years saved as a result of removing 
adenomas through screening compared with the SimCRC and 
CRC-SPIN models, and it estimates a greater benefit for shorter 
screening intervals for tests with relatively high sensitivities for 
detecting adenomas, such as colonoscopy and CTC than do the 
other models. Nevertheless, all three models came to similar 
conclusions about the cost-effectiveness and threshold costs of 
CTC screening, demonstrating the robustness of these results to 
uncertainties about the duration of the adenoma–carcinoma 
sequence.

Several other studies on the cost-effectiveness of CTC 
screening in the United States have been published (52,58–63), 
and their findings are summarized in Table 5. Because these 
studies used different unit cost estimates, we compared the find-
ings by calculating the threshold cost of CTC as a percentage of 
the study-specific estimate of the cost of a colonoscopy. We refer 
to this as the threshold cost percentage. In all of these studies, the 
threshold cost percentages for CTC were higher than the 22%–
41% found in this study. However, direct comparison of thresh-
old costs percentages across studies is difficult for three reasons. 
First, the studies differ with respect to the strategies against 
which CTC screening was compared. We compared CTC 
screening with all other currently reimbursed and widely used 
test strategies, whereas most of the other studies compared CTC 
with colonoscopy or with colonoscopy, sigmoidoscopy, and 
Hemoccult II. In only one of the three models used in this 
analysis (CRC-SPIN), were the costs and health effects of the 
colonoscopy strategy relevant in assessing the threshold cost of a 
CTC scan. The recommended approach for conducting a 
cost-effectiveness analysis is to consider all relevant comparators 
(46,64). Second, the studies used different estimates of CTC test 

Appendix Table 1. Comparison of the Microsimulation Screening 
Analysis (MISCAN), Simulation Model of Colorectal Cancer 
(SimCRC), and Colorectal Cancer Simulated Population model for 
Incidence and Natural History (CRC-SPIN) models on natural 
history outcomes at age 65 years

Outcome MISCAN SimCRC CRC-SPIN

Adenoma prevalence, age 65 y, % 39.8 37.2 30.7
Number of adenomas per 1000 by site and size at age 65 y
 Proximal colon
  1–5 mm 121.2 171.7 190.2
  6–9 mm 69.9 186.2 67.8
  1–10 mm 61.8 23.9 40.8
 Distal colon
  1–5 mm 134.4 124.2 124.5
  6–9 mm 77.4 18.2 44.4
  ≥10 mm 68.4 41.6 26.7
 Rectum
  1–5 mm 133.5 8.7 14.1
  6–9 mm 76.8 16.0 9.1
  ≥10 mm 68.1 15.8 20.2
Distribution of adenomas by site and size at age 65 y, %
 Proximal colon
  1–5 mm 15 28 35
  6–9 mm 9 31 13
  ≥10 mm 8 4 8
  Total 31 63 56
 Distal colon
  1–5 mm 17 20 23
  6–9 mm 10 3 8
  ≥10 mm 8 7 5
  Total 35 30 36
 Rectum
  1–5 mm 16 1 3
  6–9 mm 9 3 2
  ≥10 mm 8 3 4
  Total 34 7 8
Cumulative incidence of colorectal cancer among those cancer  
  free at age 65 y, %
 10 y
 Stage I 0.4 0.4 0.3
  Stage II 0.7 0.7 0.7
  Stage III 0.5 0.5 0.5
  Stage IV 0.5 0.5 0.3
  Total 2.1 2.2 1.8
 20 y
  Stage I 0.8 0.8 0.7
  Stage II 1.6 1.5 1.4
  Stage III 1.0 1.0 1.0
  Stage IV 1.0 1.2 0.7
  Total 4.4 4.6 3.9
 Lifetime
  Stage I 1.0 1.0 0.9
  Stage II 2.1 2.0 1.9
  Stage III 1.3 1.4 1.4
  Stage IV 1.3 1.6 1.0
  Total 5.7 6.0 5.3

characteristics, different assumptions about which findings at 
CTC would trigger referral for a follow-up colonoscopy, and 
different screening intervals. Finally, the previous studies used 
different approaches for identifying the threshold cost of a CTC 
scan. In one study (61), threshold costs were identified so that the 
incremental cost per life-year gained for CTC compared with no 
screening was equal to the incremental cost per life-year gained 
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for colonoscopy compared with no screening. In other studies, 
threshold costs were identified such that the incremental cost-ef-
fectiveness ratio of CTC screening compared with the next less 
effective strategy was less than a specified amount (60,63) or equal 
to the incremental cost-effectiveness ratio for colonoscopy 
screening (62), whereas in another study (59), threshold costs 
were assessed to yield a prohibitively high incremental cost-effec-
tiveness ratio of colonoscopy compared with CTC. In yet another 
study (58), the threshold cost of CTC was calculated such that the 
total cost of the CTC strategy per life-year gained vs no screening 
equaled the total cost of the colonoscopy strategy per life-year 
gained vs no screening.

In conclusion, with the ongoing discussions about modifying 
the health-care system in the United States, much emphasis is 
being placed on comparative effectiveness research. Some 
worry that comparative effectiveness research will lead to the 
rationing of care (65). This analysis highlights that comparative 
effectiveness research, and cost-effectiveness analyses in partic-
ular, can also be used to inform reimbursement levels. Our 
results suggest that CTC screening every 5 years provides a 
benefit in terms of life-years gained compared with no screening 
and provides only slightly fewer life-years gained than colonos-
copy screening every 10 years. If CTC screening is reimbursed 
at roughly the same rate as colonoscopy, the cost, relative to the 
benefit derived and to the availability and costs of other colo-
rectal cancer screening tests, is too high for it to be a cost- 
effective screening strategy. At the current test characteristics, 
CTC could be a cost-effective option for colorectal cancer 
screening among Medicare enrollees if the test cost was sub-
stantially less than that of colonoscopy or if its availability 
would entice a large proportion of otherwise unscreened per-
sons to be screened.
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