
The Cost-Effectiveness of CT Colonography in Screening for
Colorectal Neoplasia

Sandeep Vijan, M.D., M.S.1,2, Inku Hwang, M.D.3, John Inadomi, M.D.4, Roy K.H. Wong, M.D.
3, J. Richard Choi, Sc.D, M.D.5,6, John Napierkowski, M.D.3, Jonathan M. Koff, M.D.3, and
Perry J. Pickhardt, M.D.6,7

1Veterans Affairs Health Services Research and Development Center for Practice Management and Outcomes
Research, Ann Arbor, Michigan 2Department of Internal Medicine, University of Michigan, Ann Arbor,
Michigan 3Department of Internal Medicine, Walter Reed Army Medical Center, Washington, DC
4Department of Internal Medicine, University of California, San Francisco, California 5Department of
Radiology, Walter Reed Army Medical Center, Washington, DC 6Department of Radiology, F. Edward Hebert
School of Medicine, Uniformed Services University of the Health Sciences, Bethesda, Maryland 7Department
of Radiology, University of Wisconsin Medical School, Madison, Wisconsin

Abstract
BACKGROUND—We examined the cost-effectiveness of 2- and 3-dimensional computerized
tomography (CT) colonography as a screening test for colorectal neoplasia.

METHODS—We created a Markov model of the natural history of colorectal cancer. Effectiveness
of screening was based upon the diagnostic accuracy of tests in detecting polyps and cancer.

RESULTS—CT colonography every 5 or 10 yr was effective and cost-effective relative to no
screening. Optical colonoscopy dominates 2-dimensional CT colonography done every 5 or 10 yr.
Optical colonoscopy is weakly dominant over 3-dimensional CT colonography done every 10 yr. 3-
D CT colonography done every 5 yr is more effective than optical colonoscopy every 10 yr, but costs
an incremental $156,000 per life-year gained. Sensitivity analyses show that test costs, accuracy, and
adherence are critical determinants of incremental cost-effectiveness. 3-D CT colonography every
5 yr is a dominant strategy if optical colonoscopy costs 1.6 times more than CT colonography.
However, optical colonoscopy is a dominant strategy if the sensitivity of CT colonography for 1 cm
adenomas is 83% or lower.

CONCLUSIONS—CT colonography is an effective screening test for colorectal neoplasia.
However, it is more expensive and generally less effective than optical colonoscopy. CT
colonography can be reasonably cost-effective when the diagnostic accuracy of CT colonography is
high, as with primary 3-dimensional technology, and if costs are about 60% of those of optical
colonoscopy. Overall, CT colonography technology will need to improve its accuracy and reliability
to be a cost-effective screening option.

BACKGROUND & AIMS
Colorectal cancer is the second leading cause of cancer death in the United States (1,2). The
majority of cancer arises from adenomatous polyps that can be detected and removed by
screening tests (3–7). Colorectal cancer incidence and mortality can clearly be reduced by fecal
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occult blood testing (FOBT), and indirect evidence supports the effectiveness of
sigmoidoscopy and colonoscopy. Despite recommendations from professional organizations
and interventions such as media campaigns (8), adherence to screening remains low (9,10).
Among the reasons for nonadherence are the unpleasant nature of the tests, the inaccuracy of
non-invasive tests such as FOBT, and the fear of invasive tests (9,11,12).

Computed tomography (CT) colonography is a new imaging modality that aims to overcome
some of the limitations of existing tests. It is an evolving technique in which CT data are used
to generate two- and three-dimensional displays of the colon and rectum. Studies have shown
that the sensitivity of CT colonography for 1 cm adenomas ranges from 48–100%; sensitivity
for smaller adenomas is lower, ranging from 14–86% for adenomas <6 mm, and 30–95% for
adenomas 6–9 mm. These figures are highly variable and meta-analyses have found significant
heterogeneity depending on imaging modality used. In contrast, specificity is more
homogeneous and pooled estimates range from 91% for <6 mm adenomas to 97% for 1 cm
adenomas (13). While CT colonography is an exciting technology, there remain questions
about its broad-scale applicability. Foremost among these are projections of its benefit and
costs relative to existing tests.

METHODS
We examined the cost-effectiveness of screening with CT colonography using an updated
version of a previous model (14). The model is a Markov state-transition model based on the
natural history of colorectal cancer. The basic structure is outlined in Figure 1. It tracks the
evolution of malignancy from adenoma growth through malignant transformation.
Specifically, the simulated cohort is distributed in initial states at age 50 based on adenoma
and cancer prevalence studies. The cohort moves through the model states based on progression
rates derived from studies of the natural history of colorectal cancer: rates of adenoma incidence
and prevalence, general mortality rates, and cancer incidence as detailed below. For the
purposes of our analyses, we assumed that screening began at age 50 and continued through
age 80, though the cohort was modeled to age 100.

The key assumptions of the model are outlined in Table 1. The primary updates to the model
were to use standardized assumptions established by the Institute of Medicine workshop on
the economics of colorectal cancer screening (47). We also conducted an updated review of
the literature to establish ranges for sensitivity analyses. The initial search for modalities other
than CT colonography was conducted in 2000; this was updated to assess the accuracy of CT
colonography in February 2004. We did a literature search using the terms “CT colonography”
and “virtual colonoscopy,” and supplemented this with review articles and meta-analyses.

Natural History
The main sources of the estimates for natural history were colonoscopic screening studies and
autopsy studies for the prevalence of adenomas (15–19) and surveillance, epidemiology and
end-results (SEER) registry data for the incidence and mortality rates of colorectal cancer (1,
2). We intentionally used older rates of cancer incidence, primarily from the 1970s through
mid-1980s, to minimize biases that might be imparted by increasing CRC screening at later
dates. Mortality rates for the general population were derived from National Center for Health
Statistics publications (53).

We calculated the incidence of adenomas using the age-specific adenoma prevalence observed
in screening and autopsy studies (15–19). Adenomas were subdivided into two major risk
groups: low-risk (less than 10 mm, without high-risk histology) and high-risk (≥10 mm, or
smaller adenomas with villous features or high-grade dysplasia). Transition from low to high-
risk adenoma was calibrated so that the distribution of low and high-risk adenomas matched
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those observed in prevalence studies. The incidence and size of hyperplastic polyps was defined
in the same manner; the prevalence ranged from 20% at age 50 yr to 15% at age 80 yr (not
shown in table) (15,16).

We forced rates of adenoma to cancer conversion into the model in order to match observed
national cancer incidence rates (1,2). The proportion of incident cancers arising from adenomas
was assumed to be 100%, reflecting a growing consensus that most cancers arise through the
adenoma–carcinoma sequence (3,4,6,54). We further assumed that it takes 10 yr for an
adenoma to transform from benign to malignant. This 10-yr adenoma “dwell time” is supported
by consensus opinion (55), but is based upon indirect evidence, including studies showing that
screening sigmoidoscopy provides a 10-yr window of protection from colorectal cancer (56).
A way to think of this estimation is that a certain proportion of adenomas, at a rate that matches
10-yr downstream cancer incidence, is tagged to become malignant, then becomes truly
invasive in 10 yr.

If a colorectal malignancy developed, we assumed that it took 2 yr to progress through localized
cancer and an additional year to progress through regional cancer, as defined in the SEER
registry (1,2). Patients who developed disseminated cancer were diagnosed within 1 yr,
whether or not screening was employed. Mortality was varied by stage of colorectal cancer
based upon published results from the SEER registry (1,2).

Test Characteristics
The effectiveness of screening was modeled using the characteristics in Table 1. We identified
39 studies evaluating the diagnostic accuracy of CT colonography; we used data from a recent
meta-analysis of these studies to provide primary estimates of diagnostic accuracy (13). CT
colonography technology is changing rapidly, and includes 2- and 3-dimensional
interpretation, flythrough technology (“virtual colonoscopy”), and a variety of preparatory and
imaging techniques; not surprisingly, there is wide discrepancy in the reporting of diagnostic
accuracy. The meta-analysis used for primary inputs reported heterogeneity of accuracy by
imaging type. However, because only two studies have examined flythrough technology, we
modeled the first two technologies: primarily 2-D imaging with 3-D confirmation when
necessary (“2-D”), and primary 2-D and 3-D imaging (“3-D”).

The sensitivity, specificity and complication rates of traditional screening tests were derived
from observational studies and in the base case were standardized to those used in the Institute
of Medicine workshop on the economics of colorectal cancer screening (21–27,29,31–36,47,
57). For flexible sigmoidoscopy, we assumed that a sigmoidoscope could detect 55% of all
adenomas and cancers (5,28–30).

Test adherence was assumed to be 60% in the base case, as recent estimates suggest that about
53% of the U.S. population is current with screening and this is increasing over time (10).
Differential adherence between tests seems likely, but there are no studies of the adherence to
different tests; we explore this in sensitivity analyses for FOBT in particular given its clear
differences in burden and invasiveness. After a positive initial screening test (e.g., FOBT or
sigmoidoscopy), a colonoscopy for diagnosis (and polypectomy, if necessary) is performed;
adherence to this colonoscopy in the FOBT trials has been about 75%, and we used this figure
in the base case (58–60). We did not model dropout from screening because of symptomatic
endoscopy.

Those with a negative screening test maintained the average risk of developing new adenomas
(61–63). In our base case, we assumed that all adenomas detected on CT colonography, and
all adenomas (based on biopsy) detected at sigmoidoscopy are referred for optical colonoscopy.
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We acknowledge that there are changing perceptions on the need for routine surveillance (7,
64); however, we suspect that at present nearly all adenomas are referred for follow-up.

Those who had polypectomy at optical colonoscopy were referred for surveillance at 3 yr for
high-risk adenomas, and at 5 yr for low-risk adenomas. Adenomatous polyp recurrence rates
at surveillance optical colonoscopy were taken from the National Polyp Study; patients
remained in the surveillance program as long as screening was ongoing (65). Adherence with
adenoma surveillance was assumed to be 90% in the base case analysis; this was varied from
50–100% in sensitivity analyses.

Costs
All costs and years of life were discounted at 3%. We took the perspective of a third-party
payer; we also conducted analyses from a societal perspective by including lost productivity
costs in a sensitivity analyses, but estimates of lost productivity from screening tests are not
particularly well defined and did not have major effects on cost-effectiveness, so we focus on
the third-party payer analysis. We also briefly examined the possible effect of evaluation of
extracolonic findings on CT colonography, based on a recent study (66). However, the benefits
and costs of detection of these findings are unclear. In a sensitivity analysis, we assumed an
incremental cost of $1,000 for diagnostic workup for each of the 6% of subjects with findings.

The costs of screening tests and interventions were taken from the 2003 Medicare
reimbursement schedule (41). Because CT colonography is not yet an approved reimbursable
test by Medicare or other insurers, we conducted analyses at various cost levels to help provide
benchmarks for payers. In the base case, CT colonography was reimbursed as an abdominal
and pelvic computed tomography scan. We included both Medicare physician fees and facility
expenses in costs. Polypectomy costs included reimbursement for tissue pathology. Costs of
caring for procedural complications have been estimated by Eddy (28,40) and the OMB (44);
these were inflated to 2003 U.S. dollars using the consumer price index. Costs of cancer care
range widely in the literature and in prior models; in the base case we used approximate
midpoint figures from various sources, including the Institute of Medicine, prior models, and
three published analyses of costs (28,44–52). We then examined a wide range in sensitivity
analyses.

Screening Strategies
Because there are no current guidelines for screening with CT colonography, we examined CT
colonography screening every 5 yr and every 10 yr. We chose these figures because they
correspond to existing guidelines for colorectal neoplasia screening using sigmoidoscopy and
optical colonoscopy (7).

Sensitivity Analyses
We tested each variable in the model in one-way sensitivity analyses; the ranges of values used
for these analyses are presented in Table 1. The ranges were derived from the literature where
possible; however, to make the analysis robust, we used broad ranges. The focus of the
presented analyses is on assumptions that affected the incremental cost-effectiveness of CT
colonography versus other tests, because the choice of optimal test is the primary subject of
current debate (7). We then examined the most influential variables in two-way sensitivity
analyses.

We conducted multivariable sensitivity analyses using Monte Carlo modeling, sampling from
the distributions of parameter estimates, to examine the global impact of uncertainty on
incremental cost-effectiveness ratios (67,68). For continuous variables, we assumed that
estimates were distributed normally; the range of the estimates outlined in Table 1 encompassed
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six standard deviations. This is analogous to a 99% rather than a 95% credible interval, as we
used broad ranges for most variables. For cost variables, procedural costs were normally
distributed; however, for treatment of cancer and complications, we assumed a log-normal
distribution. We conducted 10,000 simulations to establish the distribution of the incremental
cost-effectiveness ratios.

Model Calibration
Because model estimates had to be calculated in several instances, we confirmed calibration
versus our original data sources for adenoma prevalence and cancer incidence and prevalence
(1,2,15–19). We also tested the predictive validity of the model by setting up a population
similar to that of the Minnesota randomized trial of fecal occult-blood testing, and found that
our model predictions for colorectal cancer mortality reduction were similar and within the
confidence interval of those seen in the trial (model prediction of mortality reduction = 36%,
trial = 33%). This does not verify the accuracy of CT colonography screening, but serves as a
more general test that the model reasonably predicts results from the only CRC screening
modality that has been examined in randomized trials.

RESULTS
CT Colonography Versus No Screening

The base case analyses are presented in Table 2. The model predicts that no screening leads to
a lifetime colorectal cancer risk of 5.6% and mortality of 2.1%. The average discounted life
expectancy is 17.1215 yr and the average discounted cost is $1,240 per person. For 2-D
imaging, CT colonography done every 10 yr reduces cancer risk to 2.7% and cancer mortality
to 0.9%, and costs $17,280 per life yr saved. Done at 5-yr intervals, it reduces cancer risk to
1.6% and cancer mortality to 0.5%, and costs $14,290 per life-year gained.

For 3-D imaging, CT colonography done every 10 yr reduces cancer risk to 2.3% and mortality
to 0.8%; compared with no screening it has a cost-effectiveness of $8,150 per year of life
gained. CT colonography done every 5 yr is more effective, decreasing cancer risk to 1.3%
and mortality to 0.4%, and, compared with no screening, costs $13,460 per year of life gained.

CT Colonography Versus “Traditional” Screening
Table 2 also shows the costs and outcomes of other screening tests. We found that annual fecal
occult-blood testing costs $1,400, and increases discounted life expectancy by an average of
10.5 days. Of the existing strategies, optical colonoscopy every 10 yr is the most effective test,
increasing discounted life expectancy by 19.3 days at an incremental cost of $430. Compared
with annual FOBT, optical colonoscopy every 10 yr costs about $11,160 per additional life-
year gained.

CT colonography, depending on interval and imaging modality, varies widely in terms of costs
and effectiveness relative to other strategies, though it is uniformly more effective than FOBT
or FS alone. 3-D CT colonography done every 5 yr is the most effective of the strategies in
Table 2, with a discounted life expectancy gain of about 20.1 days, about 0.8 days more than
optical colonoscopy. 2-D CT colonography is less effective and more expensive than 3-D CT
colonography (thus, 3-D imaging is “dominant” relative to 2-D imaging), and we therefore
focus our incremental comparisons on 3-D imaging. These results can be seen in Table 3. Done
every 5 yr, 3-D CT colonography is dominant over sigmoidoscopy-based strategies, and costs
$22,400 per life-year gained compared with annual FOBT. It is relatively expensive, however,
compared with optical colonoscopy, costing $156,000 per life-year gained. At 10-yr intervals,
3-D CT colonography is less effective than either optical colonoscopy or combined FOBT and
sigmoidoscopy. Optical colonoscopy done every 10 yr costs only $7,840 per life-year gained
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compared with 3-D colonography done every 10 yr, but after exclusion of dominated strategies,
optical colonoscopy is weakly dominant over 3-D CT colonography done every 10 yr.

Sensitivity Analyses
The results of one-way sensitivity analyses are found in Table 4. All assumptions were robust
for all tests compared with no screening; notably, at the higher end of cost of caring for cancer,
most tests were actually cost-saving. However, our focus is on the incremental cost-
effectiveness comparing various tests; we chose optical colonoscopy every 10 yr as our major
point of reference. Under only extreme scenarios (e.g., very low cost for CT colonography and
very high cost for optical colonoscopy) was 2-D CT colonography incrementally cost-effective;
therefore, our sensitivity analyses are focused on 3-D CT colonography.

For 3-D CT colonography every 10 yr, only one variable affected conclusions: the rate of
adherence with follow-up colonoscopy in those with adenomas on CT colonography. If
adherence with follow-up optical colonoscopy can be increased from the base estimate of 75
to 95%, then optical colonoscopy remains more effective, but costs an incremental $107,530
per life-year gained compared with CT colonography every 10 yr.

In contrast, the incremental cost-effectiveness of 3-D CT colonography every 5 yr was highly
sensitive to a number of assumptions. The cost of screening tests were the most critical; for
example, if the cost of CT colonography is reduced from the base case estimate (about $560)
down to $400, then CT colonography every 5 yr is a dominant strategy; it costs less than
$50,000 per life-year gained at a test cost of about $450, and less than $100,000 per life-year
gained at a test cost of $500. The cost of optical colonoscopy is also important; CT
colonography every 5 yr is a dominant strategy at an optical colonoscopy cost of about $950,
costs less than $50,000 per life-year gained if optical colonoscopy costs $820, and less than
$100,000 per life-year gained if optical colonoscopy costs $750. Variation in other costs, such
as cancer care or the workup of extracolonic findings, had little impact on incremental cost-
effectiveness ratios.

Test characteristics and adherence were also very important. If the sensitivity of 3-D CT
colonography for 1 cm adenomas is below 83% (as it is with 2-D imaging), then optical
colonoscopy every 10 yr is a dominant strategy over CT colonography. Alternatively, if
sensitivity is as high as 99%, as reported in some flythrough studies, the cost-effectiveness of
CT colonography is about $75,220 per life-year saved. Adherence had an impact both in
evaluating initial screening and with follow-up testing after CT colonography. For example,
if adherence with initial screening is 20%, then CT colonography costs about $20,150 per life-
year gained relative to optical colonoscopy; however, if adherence is 80% or higher, then
optical colonoscopy dominates. Not surprisingly, modeling differential adherence between
tests had large effects on incremental cost-effectiveness. We explored this with FOBT, given
its clear distinction from other screening tests. If FOBT has 100% adherence, while 3-D CT
colonography every 5 yr has 30% adherence, then FOBT is a dominant strategy; however, at
60% FOBT adherence and 30% CT adherence, CT colonography is more effective and costs
about $23,000 per life-year gained, similar to our base case findings. These effects are nonlinear
because of frequency of testing, as we found in prior analyses (14).

An uncertain issue in natural history estimates is the dwell time of adenomas. Shorter dwell
times improve the cost-effectiveness of 5-yr CT colonography relative to optical colonoscopy
every 10 yr. For example, with a 5-yr dwell time, 3-D CT colonography costs an incremental
$138,000 per life-year gained relative to optical colonoscopy, compared with $156,000 in the
base case.
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Two-way sensitivity analyses show that the relative cost of CT colonography to optical
colonoscopy is the key factor in establishing the incremental cost-effectiveness of screening
with CT colonography (Fig. 2). 3-D CT colonography every 5 yr is a dominant strategy if
optical colonoscopy costs more than 1.6 times as much as CT colonography, while it is
incrementally cost-effective at the $50,000 per life-year gained threshold at a ratio of about
1.5, and at $100,000 per life-year gained at a ratio of about 1.3. However, for 3-D CT
colonography every 10 yr, optical colonoscopy every 10 yr is dominant under most
circumstances; only at fairly extreme cost ratios (about 3.5 for $50,000 per life-year gained,
or 5.5 for $100,000 per life-year gained) is optical colonoscopy at the threshold of being not
cost-effective.

We also conducted multivariate sensitivity analyses using Monte Carlo simulation with
sampling from the ranges of the distributions of variables (Table 5). Optical colonoscopy every
10 yr dominated CT colonography every 5 yr in 17.0% of simulations, while CT colonography
dominated in 10.9% of simulations. In the simulations without dominance, the incremental
cost-effectiveness ratios were for 3-D CT colonography every 5 yr compared with optical
colonoscopy every 10 yr were highly skewed; the median was $137,345 (IQ range $67,112–
$292,347). The acceptability at various levels of willingness to pay can also be seen in Table
5; 3-D CT colonography done every 5 yr cost less than $100,000 per life-year gained in about
38% of simulations compared with optical colonoscopy.

DISCUSSION
We found that, compared with no screening, either 2-D or 3-D CT colonography is an effective
and cost-effective test. Indeed, screening with 3-D CT colonography every 5 yr is more
effective than any of our other modeled tests. Screening with 3-D CT colonography every 10
yr costs about $8,150 per life-year gained, and screening every 5 yr costs about $13,460 per
life-year gained. Although there is no firmly established threshold for cost-effectiveness, these
estimates are both comparable to those of generally accepted medical interventions (69,70).
One other recently published analysis reported similar findings for CT colonography every 10
yr; however, they did not examine the possibility of other intervals for testing, an important
consideration given the non-invasive nature of CT colonography, and its status as a first
screening step, analogous to sigmoidoscopy (71).

While these findings support the argument that CT colonography be added to our
armamentarium, the critical question is how CT colonography fares in comparison to current
screening standards, particularly the gold standard of optical colonoscopy. Under base case
assumptions, and indeed under most modeled conditions, 2-D CT colonography, and 3-D CT
colonography every 10 yr, are not cost-effective relative to optical colonoscopy every 10 yr.
There were only two exceptions to this rule. The first is if the costs of CT colonography are
substantially (at least three to four times) lower than those of optical colonoscopy. The second
is if nearly all of those with adenomas found on CT have a follow-up optical colonoscopy and
polypectomy. However, in randomized trials of screening, follow-up happens in about 75% of
cases (58–60). Exceeding this would require dedicated resources; an intriguing option, now
done at some centers, is same-day optical colonoscopy after CT colonography. Indeed, given
the difficulty in bowel preparation for these procedures, such “all-in-one” type screening visits
may be the preferable option to optimize adherence and the only way to ensure the cost-
effectiveness of CT colonography.

We found that 3-D CT colonography done every 5 yr is the most effective of our primary
modeled tests. However, in the base case, it costs $156,000 per life-year gained compared with
optical colonoscopy every 10 yr, a figure that is considered expensive relative to most medical
interventions (69,70). Our sensitivity analyses suggest that there is substantial uncertainty
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around this incremental cost-effectiveness ratio. CT colonography every 5 yr is a dominant
strategy if CT colonography costs less than $400 or if optical colonoscopy costs more than
$1,000. Similarly, CT colonography every 5 yr is a dominant strategy if the ratio of the cost
of optical colonoscopy to CT colonography is greater than 1.6; a ratio of 1.5 leads to an
incremental cost-effectiveness ratio for CT colonography of less than $50,000 per life-year
gained, and a ratio of 1.3 to an incremental cost-effectiveness ratio of less than $100,000 per
life-year gained. Our figures can help to guide a reasonable reimbursement for CT
colonography.

Perhaps most important from a clinical perspective is that the incremental cost-effectiveness
of 3-D CT colonography done every 5 yr is highly sensitive to test accuracy, particularly test
sensitivity for 1 cm adenomas. If test sensitivity is lower than 83%, then CT colonography is
almost never a preferred strategy versus optical colonoscopy. There is little or no data on the
diagnostic accuracy or reliability of primary 3-D interpretation of CT colonography in non-
academic settings. Our analyses suggest that even with primary 3-D interpretation, CT
colonography has a fairly small margin of error for adenoma sensitivity; thus, it is critical that
issues of training and utilization of optimal technology be considered before CT colonography
is disseminated (72). Lower sensitivity levels, such as those found in trials with primary 2-D
interpretation, essentially rule out CT colonography as a cost-effective option compared with
optical colonoscopy (13,73,74).

Another important issue is that of adherence. In our base analyses, we have only compared
adherence under the assumption that it is comparable between tests. However, our analyses
examining how differential adherence between FOBT and CT colonography impact cost-
effectiveness are revealing; FOBT may be dominant if it is highly adhered to and CT
colonography is not. We would note that for patients that would refuse screening other than
CT colonography, nearly any application of CT colonography is cost-effective, as shown by
the cost-effectiveness compared with no screening.

Our study has several limitations. There are no trials showing mortality reduction with CT
colonography, and as with most models based on the natural history of a disease process, we
relied on multiple data sources, which may bias results. We also have little data to guide us on
reimbursement rates; indeed, we would view this analysis as a tool to help establish those rates.
Further, there are several issues that are difficult to model accurately. One of these relates to
extracolonic findings on CT colonography; the costs and benefits of these findings are
completely uncertain. Another issue is the possibility of increased cancer risk related to
radiation exposure. Recent analyses have suggested that these risks are very small for colonic
imaging in a screening age population (75). There are also resource implications to any shift
in screening that may occur; we and others have shown that one limitation of colonoscopic
screening is a lack of endoscopist supply (76–78), and CT colonography may help to ameliorate
this. This is the reason that we did not examine using more frequent (e.g., every 5 yr)
colonoscopy in our scenarios; additionally, guidelines at present endorse 10 yr intervals for
optical colonoscopy (7). On the other hand, demands would be placed on radiologists and CT
scanners, and it is uncertain whether increased demand for CT colonography can be met given
current staffing models, although outsourcing of radiology interpretation may make this a more
feasible alternative than increasing endoscopist supply.

Overall, our findings suggest that CT colonography is an effective test, particularly when done
with primary 3-D interpretation at 5-yr intervals. Compared with no screening, it is cost-
effective, and from this perspective we would argue that it belongs in our screening
armamentarium. However, under our base case assumptions, screening with CT colonography
is not likely to be cost-effective relative to screening with optical colonoscopy. There are
conditions, particularly those related to the relative costs of optical and CT colonography, under
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which 3-D CT colonography done every 5 yr is a cost-effective or even a dominant strategy.
On the other hand, the lower diagnostic test accuracy that is likely to be seen in general practice
compared with academic settings, particularly early in the deployment of a new technique, may
substantially decrease the effectiveness of CT colonography compared with optical
colonoscopy (72–74). CT colonography as a primary screening test should be implemented
cautiously, with careful attention to ensuring accurate interpretation in non-academic settings,
and a reimbursement rate that is significantly less than that of optical colonoscopy.

STUDY HIGHLIGHTS

What Is Current Knowledge
• Computerized tomography (CT) colonography is a technology for colorectal

cancer screening.
• The costs and benefits of computerized tomography colonography are uncertain.

What Is New Here
• CT colonography is expensive compared with colonoscopy.
• CT colonography can be cost-effective if low-priced and accurate.
• Three-dimensional imaging at 5-yr intervals is necessary for cost-effectiveness.
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Figure 1.
Model structure.
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Figure 2.
Two-way sensitivity analysis: Cost of virtual versus optical colonoscopy. The graph represents
the incremental cost-effectiveness of 3-D CT colonography every 5 yr versus optical
colonoscopy every 10 yr. 3-D CT colonography is more effective than optical colonoscopy.
The diamond-checked area shows a region where CT colonography is less expensive (and thus
dominant, being more effective and less expensive) than optical colonoscopy. The square-
checked area shows a region where CT colonography costs more than optical colonoscopy;
the solid lines show two commonly cited thresholds of cost-effectiveness ($50,000 and
$100,000 per life-year gained). The costs used in the base case analysis are represented by the
dotted lines (incremental cost-effectiveness ratio = $156,000 per life-year gained).
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Table 1
Model Assumptions

Base Case Sensitivity Analysis Range References

Natural History
 Prevalence of adenomatous polyps 15–19
  Age 50 yr 20% 10–30%
  Age 60 yr 40% 30–50%
  Age 70 yr 50% 40–60%
  Age 80 yr 55% 45–65%
 In patients with adenomas:
  Proportion of adenomas that are high-risk 15% 5–25% 15–19
 Annual incidence of colorectal cancer 2
  Age 50 yr 0.05% –
  Age 55 yr 0.09% –
  Age 60 yr 0.14% –
  Age 65 yr 0.20% –
  Age 70 yr 0.27% –
  Age 75 yr 0.35% –
  Age 80 yr 0.43% –
  Age 85 yr 0.45% –
 5-yr colorectal cancer mortality 20
  Localized 10.5% –
  Regional 35.1% –
  Disseminated 91.7% –
Test Characteristics
 Sensitivity of 2-D VC for adenomas 1–5 mm 33% 14–57% 13
 Sensitivity of 2-D VC for adenomas 6–9 mm 50% 30–83% 13
 Sensitivity of 2-D VC for adenomas ≥ 10 mm 82% 55–95% 13
 Specificity of 2-D VC 91% 85–97% 13
 Sensitivity of 3-D VC for adenomas 1–5 mm 46% 25–56% 13
 Sensitivity of 3-D VC for adenomas 6–9 mm 83% 42–94% 13
 Sensitivity of 3-D VC for adenomas ≥10 mm 91% 80–100% 13
 Specificity of 3-D VC 91% 85–97% 13
 Sensitivity of FOBT for adenomas 5% 2–10% 21–27
 Specificity of FOBT 97.5% 90–100% 21–23;26;27
 Sensitivity of FOBT for cancer 21;23–27
  Localized 30% 20–40%
  Regional 50% 40–60%
 Neoplasia reachable by sigmoidoscopy 55% 40–75% 5;28–30
 Sensitivity of optical colonoscopy/sigmoidoscopy for
adenomas < 1 cm

85% 80–95% 29;31–36

 Sensitivity of optical colonoscopy/sigmoidoscopy for
adenomas > 1 cm or cancer

95% 90–100% 29;31–36

 Perforation rate—optical colonoscopy 0.1% 0.0–0.3% 37–39
 Mortality rate—perforation 7.5% 5–10% 28;40
Costs
 CT colonography $559 $100–$1,400 41
 Fecal occult-blood testing $18 $5–$30 42
 Flexible sigmoidoscopy $389 $100–$500 41
 Flexible sigmoidoscopy with biopsy and pathology $492 $100–$550 41
 Optical colonoscopy $653 $150–$1,400 41;43
 Polypectomy (including pathology) $178 $100–$300 41
 Cancer care 28;44–52
  Localized $34,300 $20,000–$60,000
  Regional $47,230 $30,000–$80,000
  Disseminated $41,600 $30,000–$70,000
 Cost of treating colon perforation $22,269 $10,000–$30,000 40;47
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Table 2
Effectiveness and Costs of Screening

Test Lifetime Cancer Risk Lifetime Cancer Mortality Life Expectancy* Lifetime Costs* Cost-
Effectiveness

(vs No
Screening)

No screening 0.056 0.021 17.1215 $1,240 –
2-D CT
colonography
every 5 yrs

0.016 0.005 17.1738 $1,990 $14,290

2-D CT
colonography
every 10 yrs

0.027 0.009 17.1536 $1,800 $17,280

3-D CT
colonography
every 5 yr

0.013 0.004 17.1766 $1,980 $13,460

3-D CT
colonography
every 10 yr

0.023 0.008 17.1655 $1,600 $8,150

FOBT annually 0.038 0.012 17.1504 $1,400 $5,360
Sigmoidoscopy
every 5 yrs

0.031 0.012 17.1528 $1,990 $23,830

FOBT annually
+
Sigmoidoscopy
every 5 yrs

0.022 0.006 17.1719 $2,140 $18,000

Optical
colonoscopy
every 10 yrs

0.012 0.004 17.1746 $1,670 $8,090

*
Life expectancy and lifetime costs discounted at 3% annually.
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Table 3
3-D CT Colonography (CTC) Versus Traditional Tests

3-D CTC Every 5 Yr 3-D CTC Every 10 Yr

Test More Effective Test Incremental Cost-
Effectiveness

More Effective Test Incremental Cost-
Effectiveness

Annual FOBT CTC $22,400 CTC $13,480
Sigmoidoscopy
every 5 yrs

CTC CTC dominant CTC CTC dominant

Annual FOBT +
Sigmoidoscopy
every 5 yrs

CTC CTC dominant FOBT + sigmoidoscopy $84,160

Optical colonoscopy
every 10 yr

CTC $156,000 Optical colonoscopy Optical colonoscopy
weakly dominant
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Table 4
One-way Sensitivity Analyses: Incremental Cost-effectiveness Ratios

Variable Cost Per Life-Year Gained: 3-D CT
Colonography (CTC) Every 5 yr*

Cost Per Life-Year Gained: 3-D CT
Colonography (CTC) Every 10 Yr*

Base case $156,000 $7,840
Cost of CT colonography
 $200 CTC dominant $57,410
 $400 CTC dominant $29,750
 $600 $198,140 $2,100
 $800 $401,100 Optical colonoscopy dominant
 $1,000 $603,970 Optical colonoscopy dominant
Cost of optical colonoscopy
 $200 $421,330 Optical colonoscopy dominant
 $400 $304,120 Optical colonoscopy dominant
 $600 $186,920 Optical colonoscopy dominant
 $800 $69,720 $30,450
 $1000 CTC dominant $61,160
 $1200 CTC dominant $91,870
Adherence with initial screening test
 20% $20,150 $1,060
 40% $48,900 $3,510
 60% $156,000 $7,840
 80% Optical colonoscopy dominant $13,640
 100% Optical colonoscopy dominant $21,610
Adherence with follow-up optical colonoscopy
 25% Optical colonoscopy dominant Optical colonoscopy dominant
 50% Optical colonoscopy dominant Optical colonoscopy dominant
 75% $156,000 $7,840
 95% $33,210 $107,530
Sensitivity of CT colonography for 1 cm adenomas
 60% Optical colonoscopy dominant Optical colonoscopy dominant
 70% Optical colonoscopy dominant Optical colonoscopy dominant
 80% Optical colonoscopy dominant $1,870
 90% $175,580 $7,120
 95% $102,160 $10,950
 99% $73,990 $14,690

*
Bold print means that CT colonography is the more effective test; italics that optical colonoscopy every 10 yr is the more effective test. Dollar figures

are incremental cost per life-year gained of the more versus less effective test. All costs and life expectancy discounted at 3%.
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Table 5
Multivariate Sensitivity Analyses: Incremental Cost-effectiveness of CT Colonography Every 5 yr Versus Optical
Colonoscopy Every 10 yr

Statistic Proportion of Simulations

Optical colonoscopy dominant 17.0%
CT colonography dominant 10.9%
Median incremental cost-effectiveness ratio (IQ range)* $137,345 ($67,112–$292,347)
Proportion of simulations where CT colonography is acceptable at willingness to pay of:
 $20,000 per life-year gained 6.4%
 $40,000 per life-year gained 14.0%
 $60,000 per life-year gained 22.2%
 $80,000 per life-year gained 30.2%
 $100,000 per-life year gained 37.9%

*
Excludes simulations with a dominant strategy.
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