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Abstract
Background: Computerized tomographic (CT) colonography is a
potential alternative to colonoscopy for colorectal cancer
screening. Its main advantage, a better safety profile, may be
offset by its limitations: lower sensitivity, need for colonoscopy
in cases where results are positive, and expense.
Methods: We performed an economic evaluation, using decision
analysis, to compare CT colonography with colonoscopy for
colorectal cancer screening in patients over 50 years of age.
Three-year outcomes included number of colonoscopies, perforations and adenomas removed; deaths from perforation and
from colorectal cancer from missed adenomas; and direct
health care costs. The expected prevalence of adenomas, test
performance characteristics of CT colonography and colonoscopy, and probability of colonoscopy complications and cancer from missed adenomas were derived from the literature.
Costs were determined in detail locally.
Results: Using the base-case assumptions, a strategy of CT colonography for colorectal cancer screening would cost $2.27 million
extra per 100 000 patients screened; 3.78 perforation-related
deaths would be avoided, but 4.11 extra deaths would occur
from missed adenomas. Because screening with CT colonography would cost more and result in more deaths overall compared with colonoscopy, the latter remained the dominant strategy. Our results were sensitive to CT colonography’s test
performance characteristics, the malignant risk of missed adenomas, the risk of perforation and related death, the procedural
costs and differences in screening adherence.
Interpretation: At present, CT colonography cannot be recommended as a primary means of population-based colorectal
cancer screening in Canada.
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olorectal cancer is the second-leading cause of cancer death in Canada.1 Screening for colon cancer
has been shown to reduce mortality2–4 and in Canada is recommended for average-risk individuals aged 50–
74 years.5 Colonoscopy is highly sensitive for the identification and removal of precursor adenomatous polyps
throughout the colon. Epidemiological data have suggested
that removal of adenomas with colonoscopy reduces the incidence of colorectal cancer by up to 90%.6 Compared with
the success rates and costs of either no screening or fecal

occult-blood testing, colonoscopy is associated with an incremental cost per life-year gained that is comparable to
commonly accepted medical therapies.7
Unfortunately, the need for conscious sedation and the
risk of complications (including bleeding, perforation and,
rarely, death) can limit the appeal of colonoscopy for primary screening.8 These factors likely contribute to the poor
compliance with current screening recommendations. In
Ontario, less than 20% of eligible Canadians 50–59 years
old have undergone some form of screening for this common, preventable cancer, highlighting the need for a
screening procedure that is more acceptable to patients.9
CT colonography (also known as virtual colonoscopy)
has been developed as a minimally invasive alternative to
conventional colonoscopy. The technique still requires
bowel preparation and colonic insufflation, but conscious
sedation and the risks of bleeding and perforation are generally avoided. It does not, however, permit polyp removal.
Well-designed prospective studies comparing CT colonography and colonoscopy involving patients with low lesion
prevalence have recently been published.10–13 Although results have varied, 1 study 11 reported CT colonography to
have test performance characteristics equivalent to those of
colonoscopy.
Previous cost-effectiveness analyses in the United States
have concluded that a screening strategy employing CT
colonography is more costly than one using colonoscopy.14,15 These studies are limited by outdated CT test performance characteristics14 and assumptions, such as a CT
rescreening interval comparable to that of colonoscopy,15
which is possibly inappropriate. Furthermore, the results of
an economic evaluation from one country are not necessarily transferable to another.16,17 To inform Canadian health
policy, we performed an economic evaluation comparing
the cost-effectiveness of CT colonography with that of
colonoscopy for colorectal cancer screening.

Methods
Decision analysis software (DATA 3.5, TreeAge Software
Inc., Williamstown, Mass.) was used to construct a model comparing CT colonography and colonoscopy for colorectal cancer
screening of average-risk patients over the age of 50 years (see
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online Appendix 1, available at www.cmaj.ca/cgi/content/full/173
/8/877/DC1). A period of 3 years was chosen for the model,
based on 3 considerations: the risk of cancer after a therapeutic
colonoscopy (i.e., due to lesions missed at baseline)18 and the natural history of unresected large polyps (≥ 10 mm)19 are known
over this period; an appropriate rescreening interval for CT
colonography, although not yet established, is unlikely to be
shorter than 3 years; and given that health care resources are limited in Canada, short-term economic considerations are important for health policy decision-makers.
We estimated the incremental cost per life-year gained considering the discounted life expectancy of an average 50-year-old
man. In tandem with histological features, the risk of malignant
transformation appears to increase with polyp size; we considered
clinically significant polyps to be those larger than 5 mm. When
identified with CT colonography, they were assumed to lead to
prompt referral for colonoscopy, and polypectomy if confirmed.
Polyps 5 mm or less in size, we assumed, would not lead to further
testing: their malignant potential is low, especially in the short
term. The outcomes we considered included numbers of colonoscopies, perforations and adenomas removed, along with direct
costs from the perspective of the health care purchaser. We calculated deaths related to perforation and from early-stage cancers
arising from missed adenomas. Effectiveness was defined as a balance between death related to colonic perforations and cancers
arising from missed adenomas. Colorectal cancer costs and outcomes were discounted at 3% per year.
For CT colonography, only studies using the segmental unblinding technique20 were included, whereas for colonoscopy, both
segmental unblinding and back-to-back colonoscopy studies were
Table 1: Baseline probabilities and ranges considered
Variable

Polyp size,
mm

Value
(range tested), %

Prevalence of polyps,10–13 including
adenomatous and nonadenomatous

6–9
≥ 10

15.5 (12.2–18.9)
7.6 (6.3–10.3)

Probability of polyp being
adenomatous11,13

6–9
≥ 10

61 (40–80)
67 (50–90)

3-year risk of cancer from a missed
adenoma

6–923
≥ 1019
6–9
≥ 10

0.9 (0–1.5)
1.5 (0.5–10)
61 (30–87)
71 (55–94)

6–9
≥ 10

94 (88–99)
96 (88–100)

Sensitivity of CT colonography10–13
Sensitivity of colonoscopy10–13,21,22
Specificity*
CT colonography10–13
Colonoscopy 11–13,21,22

84 (80–91)
100

Risk of bleeding†
After diagnostic colonoscopy8
After polypectomy8,25,26
Risk of perforation27
After diagnostic colonoscopy
After polypectomy
Risk of death from perforation 27,33

0.09 (0.01–0.2)
0.24 (0.1–0.5)
4.9 (1–15)

Survival, 5-year, after diagnosis
of early-stage colorectal cancer24

90 (85–95)

Table 2: Cost estimates and ranges considered
Variable

0.03 (0–0.09)
0.5 (0–2)

*A “true negative” was considered to be a patient with no polyps ≥ 5 mm in size.
†Bleeding requiring hospital admission.

878

used to assess diagnostic accuracy. A weighted average of the sizespecific sensitivities and specificities10–13,21,22 was used for the basecase estimates (for a more detailed description of our search strategy and the segmental unblinding technique, see Appendix 2,20–22
available online at www.cmaj.ca/cgi/content/full/173/8/877/DC1).
We assumed a baseline prevalence of colorectal cancer of 0.
Polyps were divided into 2 size categories: 6–9 mm and ≥ 10 mm
(Table 1). The prevalence of polyps and the proportion that were
adenomatous within each size category were averaged from CT
colonography studies where available.10–13 The 3-year risk of cancer after an adenoma is missed by screening was estimated by natural-history data (polyps < 10 mm 0.9%,23 ≥ 10 mm 1.5%19).
Since, in the National Polyp Study,18 all cancers that developed 3
years after screening were early stage (Duke’s classification A), we
assumed that all cancers discovered after 3 years would have a 5year survival of 90%.24
Bleeding after polypectomy occurs in an estimated 2% of cases,8
with 0.5% of polypectomy patients requiring hospital admission because of it (Table 1).25,26 In a recent study that summarized the literature on colonoscopy complications over the past 30 years in over
200 000 diagnostic and 50 000 therapeutic colonoscopies, the
weighted average risk of perforation was 0.09% and 0.24%, respectively.27 Mortality after colonic perforation was 4.9%.27
The direct health care costs of colonoscopy (including costs of
its therapeutic use and treatment of bleeding and perforation) and
CT colonography were tabulated locally (details can be found in
Appendix 3,11,28–31 available online at www.cmaj.ca/cgi/content/full
/173/8/877/DC1). The lifetime cost of early-stage colorectal cancer was taken from the literature (Table 2).32
The indirect costs of colorectal cancer screening are not established and therefore were not included in the base-case analysis.
They are, however, likely to be important. A patient and, frequently, a companion are required to miss work for the procedure; because of the conscious sedation, colonoscopy patients require a driver. We estimated the indirect costs of colonoscopy and
CT colonography to be $213.12 and $71.04, respectively (as described in online Appendix 3), and considered them in our sensitivity analyses.
We subjected each of the variables modelled to sensitivity analyses over plausible ranges to assess the robustness of our conclusions (Table 1, Table 2). One potential advantage of CT colonography is to enhance the uptake of population-based colorectal
cancer screening; because the available data were sparse, we modelled a wide range of increased screening adherence (0–50%, in
absolute terms) for CT colonography over colonoscopy. Although
adherence rates were explored in the sensitivity analysis, the base
case assumed no difference in screening adherence.
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Mean cost* (range), $

Colonoscopy (diagnostic)
546.64 (200–1 200)
Colonoscopy with polypectomy
667.66 (200–1 200)
CT colonography
445
(200–795)
Admission after colonoscopy†
Because of bleeding
3 067
(400–25 000)
Because of perforation
29 982
(2000–125 000)
Predicted lifetime costs32 of
localized colorectal cancer
22 828
*Costs for overhead were local estimations unless referenced otherwise.
†With or without polypectomy.

Cost-effectiveness of CT colonography versus colonoscopy

Results
According to the base-case estimates, a strategy of CT
colonography for colorectal cancer screening would cost
$2.27 million more than colonoscopy per 100 000 patients
screened. Colonoscopy remained the less expensive strategy
until the cost of CT colonography fell below $422. In a
100 000-patient cohort, the use of CT colonography would
avoid 72 800 colonoscopies, 77 perforations and almost 4
perforation-related deaths; however, an additional 3470
small and 1420 large adenomas would be missed, leading to
just over 4 additional cancer-related deaths. Therefore, use
of CT colonography would cost $2.27 million extra and result in 0.33 extra deaths per 100 000 patients screened, compared with colonoscopy (Table 3). As such, colonoscopy is
both less expensive and more effective (i.e., dominant).
Our key sensitivity analyses are summarized in Table 4.
Increasing the test performance of CT colonography to
that reported by Pickhardt and colleagues11 (best-case scenario) resulted in an incremental cost per life gained of
$4.11 million or $220 000 per life-year gained. Decreasing
its test performance to that reported by Cotton and associates 12 (worst-case scenario) yielded a cost savings of
$4.51 million for the CT colonography strategy, which resulted from the reduced number of colonoscopies performed. However, this was accompanied by 2.27 extra cancer deaths compared with the colonoscopy strategy.
Our results were also sensitive to the estimated risk of
cancer from missed adenomas and the risk of colonoscopyassociated perforation and death. Colonoscopy was no
longer dominant when we decreased the cancer risk of a
missed adenoma 6–9 mm in size to 0; CT colonography
then had an incremental cost per life-year gained of
$42 900. When we increased the risk of perforation from
colonoscopy to 0.2%, CT colonography became an attractive alternative, with a cost per life-year gained of $18 200.
Increasing the risk of death from colonoscopic perforation
Table 3: Numbers of procedures and complications per
100 000 people screened for colon cancer, and costs thereof
Cancer screening strategy
Variable
Colonoscopies performed
Perforations
Small adenomas removed
Large adenomas removed
Deaths
Perforation-related
Cancer-related, from
missed adenomas*
Total deaths
Cost, $millions

Colonoscopy CT colonography Difference
100 000
123
8 890
4 890

27 200
46
5420
3470

72 800
77
3 470
1 420

6.03

2.25

3.78

0.64
6.67

4.75
7.00

– 4.11
– 0.33

61.5

63.8

– 2.27

Note: All figures are rounded to 3 significant digits.
*Deaths from colon cancer were discounted at 3% per year.

to 14%33 generated a cost per life-year gained of $2130 for
CT colonography.
Including an estimate of indirect costs also influenced
our results, with CT colonography saving $6.15 million,
but at a cost of 0.33 extra deaths. Furthermore, increasing
the absolute colorectal cancer screening penetration with
CT colonography to a level 50% higher than colonoscopy,
in absolute terms, resulted in the CT strategy having fewer
deaths, but at an incremental cost per life-year gained of
over $700 000.

Interpretation
CT colonography has been developed as a less invasive
alternative to colonoscopy to decrease perforation-related
morbidity and mortality and potentially to increase population adherence with colorectal cancer screening. However,
we demonstrate that primary screening with CT colonography is more expensive and leads to more overall deaths than
colonoscopy. Our conclusions are sensitive to CT colonography’s test performance characteristics, the malignancy risk
of missed adenomas, the perforation risk and perforationTable 4: Summary of key sensitivity analyses showing deaths per
100 000 screened and incremental cost-effectiveness ratios from
the perspective of CT colonography versus colonoscopy

Variable

Deaths
Additional Incremental
avoided,
deaths,
cost per
from
from missed
life-year
perforation adenomas
gained,* $

Base case
Test performance (from
the literature)
Best: sens 94%, spec 80%11
Worst: sens 55%,‡ spec 91%12
3-year cancer risk from
a missed polyp

3.78

4.11

NA†

2.99
4.70

1.16
6.97

220 000
(106 000)

6 –9 mm 0%, ≥ 10 mm 1.5%

3.78

1.67

42 900

6 –9 mm 0.9%, ≥ 10 mm 10%
Perforation risk from colonoscopy
0.05%
0.2%
Risk of death from perforation
1%
14%33
Indirect cost estimates included
Absolute improvement in
screening adherence
10%
25%
50%

3.78

13.6

NA†

2.55
7.30

4.11
4.11

NA†
2 130

0.77
10.8
3.78

4.11
4.11
4.11

NA†
18 200
(956 000)

3.23
2.55
1.76

3.02
1.71
0.15

1 860 000
887 000
711 000

Note: sens = sensitivity, spec = specificity. All figures were rounded to 3 significant digits.
*Represents the extra cost for CT colonography per life-year gained (or, for values in
parentheses, the extra cost for colonoscopy per life-year gained), based on a 50-year-old man
living an additional 27.9 years, discounted at 3% per year.
†Not applicable because colonoscopy was cheaper and saved more lives than CT colonography.
‡Sensitivity shown was for polyps ≥ 10 mm.
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related mortality estimates for colonoscopy, the procedural
costs, and differences in screening adherence.
It is difficult to know what the test performance characteristics of CT colonography will ultimately be in routine
clinical practice. However, even if they rival those of colonoscopy, we have shown that the cost of a CT colonography
strategy prohibits recommending it as a primary method for
colorectal cancer screening. Even in the best-case scenario,
the cost per life-year gained was unattractive by conventional standards.34,35 It should be noted that Pickhardt and
colleagues11 used a primary 3-dimensional approach for the
detection of polyps rather than a primary 2-dimensional approach with 3-D reconstruction for problem-solving. Although this enhanced technology may increase polyp detection rates, it may also raise the cost of CT. The higher
performance of this technology also needs to be confirmed
by others.
Our results remained robust when plausible changes in
the malignant potential of adenomas missed with CT
colonography were considered. Although the incremental
cost per life-year gained was $42 900 when the risk of a
missed 6–9 mm adenoma was 0, this is unlikely to be realistic. In fact, the real malignant risk of missed adenomas may
be higher than we modelled, given that the natural-history
studies cited contained a mixture of hyperplastic (no malignant potential) and adenomatous polyps. Furthermore, the
risk of a missed adenoma 10 mm or more in size may be
much higher than the 1.5% risk suggested by Stryker and
coworkers.19 In the 3-year surveillance arm (n = 428) of the
National Polyp Study, 2 cancers within large adenomas and
12 additional advanced nonmalignant adenomas of 10 mm
or more were found at 3 years of follow-up.18 If we assume
that these 14 large adenomas were present and missed at
the baseline exam, which is a reasonable assumption, the 3year malignant risk of a missed large adenoma may be as
high as 2 in 14, or 14%.
Although a 1-in-1000 risk of perforation from diagnostic colonoscopy is generally accepted,36 the risk may be significantly lower, especially when performed by trained
gastroenterologists in an otherwise healthy outpatient
screening population.27,37,38 In a large prospective study involving healthy outpatients,37 the perforation rate was
0.005% for diagnostic and 0.06% for therapeutic colonoscopy. In contrast, the risk of complications may be
higher in centres with less experienced endoscopists.37 We
demonstrated that substantially increasing the risk of perforation or the risk of death from perforation resulted in a
reasonable incremental cost-effectiveness ratio for CT
colonography. Therefore, the choice of screening strategy
in a given institution may depend on a balance between the
availability and local quality of CT colonography and the
experience and complication rates of available endoscopists
and surgeons.
Including an estimate of indirect costs from predicted
lost wages was shown to be important in our sensitivity
analysis. Further research is needed to determine the actual
880
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indirect costs associated with colorectal cancer screening.
Lastly, using CT colonography to screen for colorectal
cancer offers the potential to enhance screening adherence.
Data in this area are lacking, however. Some studies have
reported increased patient satisfaction with CT colonography over colonoscopy11,39 but also increased overall discomfort with CT colonography.11,40 A recent community-based
study41 in which CT colonography was offered to nearly
1500 asymptomatic screening candidates had a participation rate of only 28%. Therefore, even if CT colonography
can increase participation for colorectal cancer screening,
the overall impact might be small. Furthermore, we have
shown that the cost per life-year gained remains excessive
even with a large increase in screening adherence.
Our study has limitations. First, the 3-year period may
be considered by some to be a limitation of our study design; but we feel, as outlined in the methods section, that
key data are unavailable to permit a longer time horizon
without increasing the degree of speculation and amplification of errors over time. Furthermore, the short-term cost
of adopting CT colonography is an important consideration for health policy decision-makers. Second, we assumed
that all cancers arising from missed adenomas would be
early-stage and identified and promptly treated at the 3year mark. This represents an ideal scenario for the strategy with the higher miss rate (CT colonography). Many
early cancers are asymptomatic and can progress in stage
before being diagnosed, if the next screening is delayed.
Third, only polyps larger than 5 mm were considered clinically significant. However, it is possible that, in practice,
polyps 5 mm or smaller identified by means of CT colonography would not be ignored, leading to a colonoscopy
referral or a repeat CT colonography within a shorter time
interval. Both would increase the cost of a CT colonography strategy. Finally, we did not incorporate a measure of
quality of life (e.g., health utility, a measure of overall quality of life ranging from 0 to 1) into the model, because the
data are either limited or do not yet exist. Their incorporation would be highly unlikely to change our overall conclusions, however.
In conclusion, CT colonography does not appear to be
cost-effective for primary colorectal cancer screening in
Canada. Although perforation-related mortality can be reduced, this is counterbalanced by excess cancer-related
deaths from missed adenomas. Even if the test performance
characteristics of CT colonography could eventually rival
those of colonoscopy, the current cost of a screening strategy involving CT colonography far exceeds what most
would consider good value for health care money. CT
colonography has a potential role in centres where the risks
of colonoscopy are high or in patient populations with high
operative mortality. Finally, given that the results of our
analysis appeared sensitive to the inclusion of indirect cost
estimates, further research into determining the actual indirect costs associated with colorectal cancer screening is
warranted.
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