
APPENDIX 1 (as submitted by author) 
 
Model Design 
 
The hypothetical model cohort underwent screening from 50 to 75 years of age. 
Colorectal cancer is uncommonly diagnosed before 50 years of age at which time the 
incidence increases in an age-dependent manner. Halting screening at age 75 years is 
based on the long lead time from normal epithelium to colorectal cancer and that a 
shorter life expectancy diminishes the benefit of screening. (1) Use of the age range 50 to 
75 years is supported by colorectal cancer screening guidelines (2-4) and by decision 
analyses that have examined commencing and ceasing screening at different ages. (5) 
 
The natural history of colorectal cancer was simulated from normal epithelium to a low 
risk polyp to an advanced adenoma (size > 9 mm and/or villous histology and/or high 
grade dysplasia) to cancer. Cancer stages were modeled as localized, regional and distant 
and could be either pre-clinical (undiagnosed) or diagnosed through investigation of 
patient symptoms. Superimposed on the natural history of colorectal cancer were ten 
screening strategies to detect polyps and pre-clinical colorectal cancer. All patients with a 
polyp detected on the screening test (other than colonoscopy) underwent colonoscopy 
with polypectomy. If the colonoscopy was negative, then the patient would return to the 
original screening strategy in the tenth year following the negative colonoscopy. 
Following polypectomy, these patients underwent a surveillance colonoscopy in five 
years or in three years if an advanced adenoma was excised. (6) Following a diagnosis of 
colorectal cancer, patients entered a stage-specific colorectal cancer health state for the 
next five years during which time they had a yearly probability of dying of other causes, 
dying of colorectal cancer, or sustaining a relapse. If a patient survived five years without 
relapse, they were assumed to be disease-free and underwent surveillance colonoscopy 
every five years. (7)  
 
 
 
Model Validation 

The annual incidence of colorectal cancer generated by observing a cohort of 100,000 
individuals entering the model at age 50 was compared to the Surveillance Epidemiology 
and End Results data at 5 year intervals from 50 to 100 years. (8) Appendix figure 1 
demonstrates that the results from our natural history model were similar to the 
Surveillance Epidemiology and End Results database.  
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Appendix Figure 1 
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Appendix Figure 1. Model validation: Colorectal cancer incidence in a cohort of 

100,000 individuals. The incidence of CRC in the natural history model is compared 
to the Surveillance and Epidemiology End Results database. 

 

Model Assumptions and Limitations 

In the natural history model, we assumed all cancers arose from adenomatous polyps. 
There is emerging data that a small percentage of cancers may arise from flat adenomas 
rather than polyps. There is some data that fecal occult blood tests and endoscopic 
examinations have a lower detection rate for flat adenomas as compared to polypoid 
adenomas. One would expect radiologic studies to also miss these lesions. If this is the 
case, including flat adenomas in our model would decrease the effectiveness of colorectal 
cancer screening but likely not change the ranking of the various strategies. We did not 
allow adenomatous polyps the opportunity to regress as there is little data to support this 
theory. We assumed that adenoma incidence was unaffected by screening. Both 
regression of adenomas and decreased adenoma incidence due to screening would 
decrease the effectiveness of screening. This would have a stronger impact on tests that 
have a higher sensitivity to adenoma detection. 

Sigmoidoscopy was assumed to evaluate the rectum, sigmoid colon and descending 
colon. Patients did not undergo polypectomy at the time of sigmoidoscopy. Patients with 
a positive fecal test and negative colonoscopy did not undergo further investigations of 
occult gastrointestinal bleeding. The model did not incorporate the need for repeat testing 
with an incomplete examination. No clinical conditions other than polyps or cancer were 
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incorporated into the model. We assumed that test performance characteristics remained 
constant on repeat testing. 

Markov models do not contain a memory of previous health states such as prior 
colorectal neoplasia or prior non-compliance with testing. Not modeling an increased 
higher risk of future adenomas in those with a history of colorectal neoplasia 
underestimates the decrease in colorectal cancer incidence with screening, particularly for 
those strategies with a higher sensitivity to detect an advanced adenoma. Compliance was 
assumed to be random, independent of whether an individual had attended screening in 
the past. This may not be the case but whether there would be any effect on the model is 
uncertain. 

 
Transition Probabilities 
 
Natural History of Colorectal Cancer 

 

The prevalence of colorectal neoplasia at age 50 years, the age-specific incidence of low 
risk polyps, and the annual transition probabilities in the natural history model were 
derived from colonoscopic screening studies (1, 9-13) and the Surveillance Epidemiology 
and End Results database. (8) The annual transition probabilities in the natural history 
model were estimated from the prevalence of low risk polyps, advanced adenomas, pre-
clinical cancer  and cancer at 50, 60 and 70 years of age. Similarly, the annual probability 
of diagnosis of a pre-clinical cancer was calculated from the stage distribution of pre-
clinical cancer (9-11) to match the stage distribution of cancer from Surveillance 
Epidemiology and End Results.  
 
Test Performance Characteristics 

 

Test performance characteristics were based on prospective studies using colonoscopy as 
the gold standard. Per polyp sensitivity and specificity was used for colonoscopy and per 
patient sensitivity and specificity were used for the other tests as any positive result 
would lead to a colonoscopy.  The mean sensitivities and specificities were calculated for 
the model input parameters. 
 
For low sensitivity guaiac fecal occult blood test four studies were identified with 
sensitivities for colorectal cancer detection ranging from 13% to 86%. (14-17) One of 
these trials used rehydrated specimens and the others unrehydrated. The mean sensitivity 
(+/-standard deviation used in probabilistic sensitivity analysis) for the detection of 
cancer was calculated at 46+/-31%. Given the uncertainty around this value, we also 
performed one-way sensitivity analysis over a range of 13% to 86%. 
 
For high sensitivity guaiac fecal occult blood tests such as Hemoccult II SENSA (16, 18, 
19) and fecal immunochemical test (18-23), three and six studies fitting the inclusion 
criteria were identified, respectively.  
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For double contrast barium enema, three studies (24-26) meeting the inclusion criteria 
were identified but only two had data regarding cancer detection. (24, 25)  
 
For colonoscopy and sigmoidoscopy, back-to-back colonoscopy studies and studies 
comparing colonoscopy to computed tomography (CT) colonography with segmental un-
blinding were used. (25, 27-32) Likewise, data from trials comparing CT colonography to 
colonoscopy with segmental un-blinding determined the performance characteristics of 
CT colonography used in this study.(25, 29, 31-34) 
 
For fecal deoxyribonucleic acid (DNA) testing, there is one prospective trial of high 
methodological quality conducted in a screening population (17) in which the DNA 
integrity assay apparently malfunctioned. (35) Therefore, additional studies using multi-
target DNA assay panels in patients with known colorectal adenomas or cancer with or 
without a comparison to patients with a negative colonoscopy were required to obtain test 
performance characteristics for fecal DNA. The interval for fecal DNA testing was 
assumed to be three years based on the expert opinion that the manufacturer’s 
recommended screening interval of five years is too long (3) and the results of an analysis 
comparing different screening intervals for fecal DNA testing. (36, 37)  
 
Test Complications 

 
The rate of a serious complication with sigmoidoscopy and colonoscopy was taken from 
a large United States healthcare database. (38, 39) Perforation secondary to CT 
colonography and double contrast barium enema were also modeled. (40, 41) 
 
Compliance  

 

Individuals may not attend their recommended screening for a variety of reasons some of 
which may be specific to the screening test. For instance, one study demonstrated that 
compared to guaiac based fecal occult blood tests, the fecal immunochemical test which 
does not require as many stool samples or dietary and medication restrictions has 
improved compliance. (42) Tests requiring a bowel preparation or with a higher 
complication rate may decrease compliance with screening. 
 
The probabilities of complying with a primary screening test (43-46) and with a 
colonoscopy following a positive screening test (45-47) were derived from prospective 
clinical trials studying fecal occult blood tests and sigmoidoscopy in colorectal cancer 
screening.  
 
Non-compliance was randomly determined at the beginning of each screening cycle. An 
individual would have the opportunity to resume screening in their next screening cycle 
independent of past participation. This method of assessing compliance has been used in 
other models. (48) The mean compliance for initial screening and follow-up colonoscopy 
were calculated for the model input parameters. 
 
Colorectal cancer outcomes 
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The stage-specific annual mortality of colorectal cancer was obtained from Surveillance 
Epidemiology and End Results data (8) for pre-clinical cancer and stage I diagnosed 
cancer. The stage-specific annual mortality and relapse rate for diagnosed stage II, III and 
IV colorectal cancer was obtained from recent trials evaluating oxaliplatin-based 
chemotherapy for stages II, III and IV. (49, 50) The age-specific all-cause mortality rates 
for the Canadian population were obtained from the Canadian Life Tables. (51)  
 
Health-Related Quality of Life 
 
Individuals without colorectal cancer were assumed to have a utility of 1 or perfect 
health-related quality of life. Individuals with colorectal cancer had a decrease in quality 
of life that was stage-dependent. (52)  
 
The utilities were adapted from patients who had previously undergone removal of a 
colorectal adenoma and were presented with colorectal cancer stage-dependent health 
states. (52) The mean utility for each stage was calculated assuming that 30% of 
colorectal cancer was rectal cancer (53) and 25% of individuals with rectal cancer would 
require a colostomy. (54)   
 
The quality of life decrements from screening or complications incurred during screening 
were not taken into account because the attenuation of a short term disutility over an 
individual’s lifetime would render this decrement negligible.  
 
 
Medical Costs 
 
The cost of guaiac-based fecal occult blood tests incorporated the cost of the testing kit 
(55), laboratory processing and a general practitioner visit taken from the Ontario Health 
Insurance Plan. The cost of double contrast barium enema, sigmoidoscopy, colonoscopy 
and CT colonography were derived from the Ontario Health Insurance Plan, Ontario 
Nurse’s Association Collective Agreement and hospital administration data. (56) The 
costs for sigmoidoscopy and colonoscopy closely approximated the costs obtained from a 
time-in-motion microcosting study performed at our institution. (57) The cost of the fecal 
immunochemical test was taken from United States data as it is not yet reimbursed in 
Canada and fecal DNA testing was also derived from United States data as the test is not 
currently available in Canada. (37) 
 
 The cost of a complication was the direct costs incurred by patients admitted for post-
colonoscopy perforation identified through the Calgary Health Region administrative 
database. (58) 
 
The cost of colorectal cancer was stage-specific and divided into initial treatment (year 1 
after diagnosis) (59), well-patient follow-up (year 2-5) (60), relapse (59), and terminal 
care (last 3 months of life) (59).Well-patient follow-up cost was from the Ontario Health 
Insurance Plan and Hamilton Health Services following Cancer Care Ontario practice 
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guidelines. (60) The cost of colorectal cancer management was from a population health 
microsimulation model to estimate average per patient direct costs for the management of 
CRC. (59) The model was primarily informed by the Ontario Health Insurance Plan and 
included the cost of physician visits, diagnostic tests, surgical procedures, radiation 
therapy, and hospital admissions. Given the recent advances in the adjunctive and 
palliative treatment of colorectal cancer, the cost of chemotherapy was adjusted from 
Maroun et al. (59) The chemotherapy regimens modeled for stage II, III, IV and cancer 
relapse were based on recent clinical trials (49, 61, 62) and supported by the National 
Comprehensive Cancer Network 2007 guidelines. (63) The cost of these chemotherapy 
agents and their administration was obtained from the pharmacy department of the British 
Columbia Cancer Agency.  
 
All costs were inflated to 2007 Canadian dollars using the health component of the 
consumer price index. (64) 
 
Base Case Analysis 
 
We estimated the incremental cost-effectiveness ratios for each strategy by first rank 
ordering all strategies according to increasing quality adjusted life years. Strategies with a 
higher cost and less effective outcome compared with the strategy directly below in the 
table were considered to be dominated; these were removed from the analysis and 
incremental cost and quality adjusted life years were calculated between successive 
strategies that remained. As a last step, strategies exhibiting extended dominance (whose 
incremental cost effectiveness ratio was higher than a more effective screening strategy) 
were also removed and final incremental cost effectiveness ratios were calculated 
between remaining strategies. Although the previously described method for evaluating 
cost-effectiveness is standard when multiple interventions are being evaluated, we also 
calculated the incremental cost effectiveness ratio for each pair-wise combination as not 
all strategies may be feasible in different jurisdictions and individuals may chose a 
screening strategy based on personal preference. Finally, we calculated the reduction in 
colorectal cancer mortality and incidence as well as the increase in cost for each 
screening strategy compared to not screening. 
 
Sensitivity Analysis 
 
Deterministic sensitivity analysis was performed on the variables of test performance, test 
cost, test compliance and the cost of treating colorectal cancer. The costs were assessed 
over a broad range to incorporate United States costs for screening tests (37, 65, 66) and 
chemotherapy. (67) Compliance was further assessed by modeling scenarios in which 
compliance to all testing was low and in which compliance to fecal testing was low 
compared to radiologic and endoscopic testing. 
  
To capture variability around point estimates simultaneously, a probabilistic sensitivity 
analysis was performed. (68) Each parameter in the model was sampled from a statistical 
distribution by a second order Monte Carlo simulation built into the Markov model. The 
Monte Carlo simulation randomly selects values from each input parameter’s distribution 
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and generates results for that combination of values. This process was repeated 10,000 
times. Gamma distributions were fitted to cost parameters, and beta distributions were 
fitted to utilities and transition probabilities using the input parameter estimates and 
standard deviations shown in Table 2. The standard deviations were derived from the 
cited publications or assumed to be + 30% of the input parameter when insufficient data 
was available to calculate the standard deviation. The results of the probabilistic 
sensitivity analysis are presented as incremental cost effectiveness ratios and in a net 
benefit analysis. A net benefit analysis translates all outcomes into monetary values. (69) 
We calculated the net benefit statistic for each of the 10,000 simulations based on 
decision-makers’ willingness-to-pay for colorectal cancer screening. A positive net-
benefit indicates that the strategy is cost-effective for a given willingness-to-pay and the 
proportion of these positive net-benefits can be represented graphically through a cost-
effectiveness acceptability curve. (70)  
  
Results 

Base case analysis 

 
The results from the base-case analysis are shown in Appendix Table 1 and Appendix 
Figure 2. All ten screening strategies for colorectal cancer increased the quality adjusted 
life expectancy and were more costly than not screening. Biennial low sensitivity guaiac 
fecal occult blood test such as Hemoccult II, annual high sensitivity guaiac fecal occult 
blood test such as Hemoccult II SENSA, annual fecal immunochemical test and 
colonoscopy every 10 years remained the preferred strategies once the dominated 
strategies were removed. The incremental cost-effectiveness ratios ranged from $3,660 to 
$10,025 per quality-adjusted life year gained. When strategies were eliminated through 
extended dominance, annual high sensitivity guaiac fecal occult blood test and 
colonoscopy every ten years remained with incremental cost-effectiveness ratios of 
$6,161 and $6,407 per quality-adjusted life year gained, respectively. The pair-wise 
incremental cost-effectiveness ratio for each strategy is presented in Appendix Table 2.  
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Appendix Figure 2 
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Appendix Figure 2. Cost-effectiveness plane for not screening and selected strategies 

for colorectal cancer screening. The average discounted quality-adjusted life 
expectancy (years) and cost for the colorectal cancer screening strategies. Those 
strategies lying above the line are more expensive and less effective than another 
strategy examined (dominated). 

 
 
Appendix Table 3 demonstrates the decreased colorectal cancer incidence and mortality 
in hypothetical cohorts of 100,000 persons entering each strategy at age 50 years. In a 
cohort not attending colorectal cancer screening 6257 will be diagnosed with colorectal 
cancer during their lifetime and 3814 will die of their disease. In the cohorts undergoing 
colorectal cancer screening there was a decrease in colorectal cancer mortality that 
ranged from 39% for double contrast barium enema every five years and biennial low 
sensitivity guaiac fecal occult blood test to 83% for colonoscopy every ten years and a 
decrease in colorectal cancer incidence ranging from 26% for biennial low sensitivity 
guaiac fecal occult blood test to 81% for colonoscopy every ten years. Screening yielded 
from 3198 to 12,013 additional quality-adjusted life years per 100,000 individuals for 
double contrast barium enema every five years and colonoscopy every ten years, 
respectively. The cost to screen for colorectal cancer ranged from $40 million to $135 
million over the lifetime of 100,000 individuals. 

Sensitivity analysis 

 
In general, as the test sensitivity for advanced adenomas rose, the strategy cost decreased 
and the effectiveness increased (Appendix Table 4). However, increasing test sensitivity 
for colorectal cancer resulted in a small increase in cost and strategy effectiveness. The 
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model was influenced by varying the sensitivity of the fecal occult blood tests for 
advanced adenomas as shown in Appendix Table 5. For instance, if fecal 
immunochemical test sensitivity for advanced adenomas was less than 30%, then annual 
fecal immunochemical test was dominated by annual high sensitivity guaiac fecal occult 
blood test. 
 
When high sensitivity guaiac fecal occult blood test costs more than $13 or 
sigmoidoscopy costs less than $189, annual high sensitivity guaiac fecal occult blood test 
no longer dominates sigmoidoscopy every five years. When fecal immunochemical test 
costs more than $36, annual fecal immunochemical test becomes dominated by 
colonoscopy every ten years. Computed tomography (CT) colonography every five years 
remained dominated by one of the other strategies in all scenarios unless the test cost was 
below $200. Under no circumstances was colonoscopy every ten years dominated by one 
of the other strategies.  
 
As expected, increasing costs of cancer care increased the cost of each strategy. More 
informatively, when the cost of treating localized cancer was increased, strategies with a 
higher sensitivity for detecting an advanced adenoma (CT colonography, sigmoidoscopy 
and colonoscopy), rose less in cost. This was not seen with varying the cost of treating 
regional or distant colorectal cancer. 
 
Compliance with the screening tests was analyzed over a broad range and, as anticipated, 
decreased compliance was associated with a decrease in strategy cost. This pattern was 
more evident for strategies with a shorter screening interval. Table 6 shows the one-way 
sensitivity analysis of each screening test while the compliance of the other tests is held 
constant at 73% (the base-case value derived from the literature). When all tests were 
assumed to have compliance of 40%, the frequent and relatively more expensive strategy 
annual low sensitivity guaiac fecal occult blood test plus sigmoidoscopy every five years 
was no longer dominated by colonoscopy every ten years by virtue of its lower cost. We 
also evaluated the effect of a differential compliance between fecal and non-fecal tests: 
with fecal tests assumed to have a compliance of 40% and the remaining tests a 
compliance of 73%, annual low sensitivity guaiac fecal occult blood test plus 
sigmoidoscopy every five years decreased in cost such that it was no longer dominated by 
colonoscopy every ten years with an incremental cost-effectiveness ratio of $17,740 per 
quality adjusted life year gained. 
 
The probabilistic sensitivity analysis showed no change in strategy dominance, the 
ranking of fecal DNA every three years and annual low sensitivity guaiac fecal occult 
blood test shifted due to changes in these strategies’ effectiveness, reflecting the large 
degree of uncertainty around test performance (Appendix Table 5). When strategies were 
removed by extended dominance, only colonoscopy every ten years remained with an 
incremental cost-effectiveness ratio of $7223 per quality-adjusted life year gained. At a 
willingness to pay of $50,000 per quality-adjusted life year gained, the net health benefits 
analysis indicates that the likelihood of the strategies tested being cost-effective was 64% 
for colonoscopy every ten years, 20% for annual fecal immunochemical test, 13% for 
annual high sensitivity guaiac fecal occult blood test, and 3% for annual low sensitivity 
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guaiac fecal occult blood test plus sigmoidoscopy every five years (Appendix Figure 3). 
The remaining strategies contribute less than 1% over a range of willingness to pay up to 
$100,000 per quality-adjusted life year gained and were not included in the acceptability 
curve. Over conventional levels of willingness to pay, colonoscopy every ten years was 
the preferred strategy with the highest net health benefit.  
 
Figure 3 
 

Colonoscopy 10 years

Annual fecal immunochemical test 

Annual low sensitivity guaiac
fecal occult  blood test

Annual low sensitivity guaiac
fecal occult  blood test and flexible

sigmoidoscopy 5 years

 
 

Appendix Figure 3. Cost-effectiveness acceptability curve. The probability a strategy 
is cost-effective (y-axis) compared with the alternative strategies for a range of 
willingness to pay of up to $100,000 per quality adjusted life year gained (x-axis). 
For figure clarity, only strategies having a probability > 1% of being cost-effective 
are represented. 

 
 



 

Appendix to Telford JJ, Levy AR, Sambrook JC, et al. The cost-effectiveness of screening for colorectal cancer.  
CMAJ 2010. DOI:10.1503/cmaj.090845 

11 

Appendix Table 1. Results from the base-case analysis 

Strategy 
Mean cost 

($) 

Mean quality 
adjusted life 

years  

Incremental  
cost ($) 

Incremental  
quality adjusted 

life years 

Incremental cost 
effectiveness ratio 

No screening 783 15.196 -- -- -- 
Double contrast barium 
enema 5 years 

1,392 15.223 
609 0.027 

Dominated* 

Biennial low sensitivity 
guaiac fecal occult blood 
test   

1,184 15.242 
401 0.046 

8,717 

Fecal DNA  3 years 2,017 15.254 833 0.012 Dominated 
Annual low sensitivity 
guaiac fecal occult blood 
test 

1,415 15.265 
231 0.009 

Dominated 

CT colonography 5 years 2,135 15.267 720 0.002 Dominated 
Sigmoidoscopy  5 years 1,363 15.270 179 0.003 Dominated 
Annual high sensitivity 
guaiac fecal occult blood 
test 

1,356 15.289 
172 0.047 

3,660 

Annual fecal 
immunochemical test 

1,437 15.301 
81 0.012 

6,750 

Annual low sensitivity 
guaiac fecal occult blood 
test plus sigmoidoscopy 5 
years 

1,597 15.302 160 0.001 Dominated 

Colonoscopy 10 years 1,529 15.316 92 0.014 6,133 
Remaining (non-dominated strategies) 

Strategy 
Mean 

cost ($) 

Mean quality 
adjusted life 

years 

Incremental cost 
effectiveness ratio 

Interpretation Final Incremental 
cost effectiveness 

ratio 
No screening 783 15.196 -- -- -- 
Biennial low sensitivity 
guaiac fecal occult blood 
test   

1,184 15.242 8,717 
Extended† 
dominance Removed 

Annual high sensitivity 
guaiac fecal occult blood 
test 

1,356 15.289 3,660 
 

6,161 

Annual fecal 
immunochemical test 

1,437 15.301 6,750 
Extended 

dominance 
Removed 

Colonoscopy 10 years 1,529 15.316 6,133  6,407 

*A strategy exists that is more expensive but less effective. Dominated strategies are removed 
from the analysis and the incremental cost effectiveness ratios of remaining strategies calculated.  

†A strategy exists that is more effective and has a lower incremental cost effectiveness ratio. 
Extended dominance strategies are removed from the analysis and the incremental cost 
effectiveness ratios of remaining strategies calculated. 
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Appendix Table 2. Pair-wise comparisons* 
 

Strategy 
No 

screen
ing 

Biennia
l low 

sensitivi
ty 

guaiac 
fecal 

occult 
blood 
test   

Annual 
high 

sensitiv
ity 

guaiac 
fecal 

occult 
blood 
test 

Sigmoidos
copy 5 
years 

Doub
le 

contr
ast 

bariu
m 

enem
a 5 

years 

Annual 
low 

sensitiv
ity 

guaiac 
fecal 

occult 
blood 
test 

Annual 
fecal 

immunoche
mical 

Colonosc
opy 10 
years 

Annual 
low 

sensitivity 
guaiac 
fecal 

occult 
blood test 

plus 
sigmoidos

copy 5 
years 

Fec
al 

DN
A 3 
yea
rs 

CT 
colonogr
aphy 5 
years 

No 

screening 
-- -- -- -- -- -- -- -- -- -- -- 

Biennial 

low 

sensitivity 

guaiac fecal 

occult blood 

test   

8,821 -- -- -- -- -- -- -- -- -- -- 

Annual high 

sensitivity 

guaiac fecal 

occult blood 

test 

6,192 3,661 -- -- -- -- -- -- -- -- -- 

Sigmoidosc

opy 5 years 
7,892 6,389 

Domin

ates 
-- -- -- -- -- -- -- -- 

Double 

contrast 

barium 

enema 5 

years 

19,050 
Domina

tes† 

Domin

ates 
Dominates -- -- -- -- -- -- -- 

Annual low 

sensitivity 

guaiac fecal 

occult blood 

test 

9,133 9,729 
Domin

ates 
Dominates 595 -- -- -- -- -- -- 

Annual 

fecal 

immunoche

mical test 

6,237 4,264 6,571 2,366 617 640 -- -- -- -- -- 

Colonoscop

y 10 years 
6,209 4,622 4,622 3,559 1,550 2,247 6,023 -- -- -- -- 

Annual low 

sensitivity 

guaiac fecal 

occult blood 

test plus 

7,679 6,822 6,822 7,198 2,761 4,948 156,806 
Dominat

es 
-- -- -- 
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sigmoidosc

opy 5 years 

Fecal DNA 

3 years 
21,521 69,783 

Domin

ates 
Dominates 

24,63

5 

Domin

ates 
Dominates 

Dominat

es 
Dominates -- -- 

CT 

colonograph

y 5 years 

19,109 37,531 
Domin

ates 
Dominates 

19,15

8 

Domin

ates 
Dominates 

Dominat

es 
Dominates 

8,7

96 
-- 

*The difference in mean cost between the column and row strategies is divided by the difference in mean 
effectiveness† The top row strategy is less costly and more effective than the left column strategy to which it is 
being compared. 
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Appendix Table 3. Cost and effectiveness of ten colorectal cancer screening 
strategies over the life-time of 100,000 individuals 

Strategy 
Cost 
($) 

Quality 
adjusted 
life years 

gained 

Deaths 
prevented 

Decrease in 
colorectal 

cancer 
mortality (%) 

Colorectal 
cancer 

prevented 

Decrease in 
colorectal 

cancer 
incidence (%) 

Double contrast 
barium enema 5 years 

60,900,000 
3198 

1481 
39 

2687 
43 

Biennial low 
sensitivity guaiac 
fecal occult blood test   

40,100,000 
4541 

1505 
39 

1626 
26 

Fecal DNA 3 years 123,400,000 5736 1929 51 1816 29 

Annual low 
sensitivity guaiac 
fecal occult blood test 

63,200,000 
6914 

2113 
55 

2748 
44 

CT colonography 5 
years 

135,200,000 
7076 

2158 
57 

3643 
58 

Sigmoidoscopy 5 
years 

58,000,000 
7349 

2331 
61 

3910 
63 

Annual high 
sensitivity guaiac 
fecal occult blood test 

57,300,000 
9259 

2527 
66 

3324 
53 

Annual fecal 
immunochemical test 

65,400,000 
10 491 

2834 
74 

4081 
65 

Annual low 
sensitivity guaiac 
fecal occult blood test 
plus sigmoidoscopy 5 
years 

81,400,000 

10 593 

3033 

80 

4924 

73 

Colonoscopy 10 
years 

74,600,000 
12 013 

3157 
83 

5082 
81 
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Appendix Table 4. Results of one-way sensitivity analysis 

Input parameter Range Influence on Model Threshold Value 

Test sensitivity to detect an advanced adenoma 
Low sensitivity 
guaiac fecal occult 
blood test  

0.1-0.4 Annual low sensitivity guaiac fecal occult 
blood test not dominated by annual high 
sensitivity guaiac fecal occult blood test 

> 0.31 

High sensitivity 
guaiac fecal occult 
blood test 

0.17-0.5 Annual high sensitivity guaiac fecal occult 
blood test dominated by annual fecal 

immunochemical test 

<0.24 

Fecal 
immunochemical 
test 

0.27-0.61 Annual fecal immunochemical test dominated 
by annual high sensitivity guaiac fecal occult 

blood test 

<0.30 

Fecal DNA 0.15-0.82  No change  -- 

Double contrast 
barium enema 

0.75-1 No change -- 

CT colonography 0.52-1 No change -- 

Colonoscopy and 
sigmoidoscopy 

0.88-1 No change -- 

Test sensitivity to detect colorectal cancer 
Low sensitivity 
guaiac fecal occult 
blood test 

0.13-0.8 No change -- 

High sensitivity 
guaiac fecal occult 
blood test 

0.37-1 No change -- 

Fecal 
immunochemical 
test 

0.71-0.96 No change -- 

Fecal DNA 0.52-0.91 No change -- 

Double contrast 
barium enema 

0.6-1 No change -- 

CT colonography 0.75-1 No change -- 

Colonoscopy and 
sigmoidoscopy 

0.5-1 No change -- 

Test cost (2007 Canadian dollars) 
Low sensitivity 
guaiac fecal occult 
blood test 

5-20 No change -- 

High sensitivity 
guaiac fecal occult 
blood test 

5-20 Sigmoidoscopy 5 years not dominated by 
annual high sensitivity guaiac fecal occult 

blood test 

>13 

Fecal 
immunochemical 
test 

10-40 Annual fecal immunochemical test 1 yr 
dominated by colonoscopy 10 years 

>36 

Fecal DNA 150-600 No change -- 

Double contrast 
barium enema 

100-400 No change -- 

CT colonography 200-2000 CT colonography 5 years not dominated by 
sigmoidoscopy 5 years 

<200 

Sigmoidoscopy 100-400 Sigmoidoscopy 5 years not dominated by 
annual high sensitivity guaiac fecal occult 

blood test 

<189 

Colonoscopy 200-2000 No change -- 
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Test compliance 
Follow-up 
colonoscopy 

0.6-0.9 No change -- 

Low sensitivity 
guaiac fecal occult 
blood test 

0.4-0.8 Annual low sensitivity guaiac fecal occult 
blood test plus sigmoidoscopy 5 years not 

dominated by colonoscopy 10 years 
Annual low sensitivity guaiac fecal occult 
blood test not dominated by annual high 
sensitivity guaiac fecal occult blood test 

<0.45 
 
 

<0.65 

High sensitivity 
guaiac fecal occult 
blood test 

0.4-0.8 Annual high sensitivity guaiac fecal occult 
blood test dominates biennial low sensitivity 

guaiac fecal occult blood test 
Sigmoidoscopy 5 years not dominated by 

Annual high sensitivity guaiac fecal occult 
blood test 

<0.45 
 
 

<0.50 

Fecal 
immunochemical 
test 

0.4-0.8 No change -- 

Fecal DNA 0.4-0.8 No change -- 

Double contrast 
barium enema 

0.4-0.8 No change -- 

CT colonography 0.4-0.8 No change -- 

Sigmoidoscopy 0.4-0.8 Sigmoidoscopy 5 years not dominated by 
Annual high sensitivity guaiac fecal occult 

blood test 

<0.50 

Colonoscopy 0.4-0.8 No change -- 

Cost of cancer care in year 1(2007 Canadian dollars) 

Stage I  5,000-30,000 Sigmoidoscopy 5 years is not dominated by 
Annual high sensitivity guaiac fecal occult 

blood test 

>25,000 

Stage II 20,000-50,000 Sigmoidoscopy 5 years is not dominated by 
Annual high sensitivity guaiac fecal occult 

blood test 

>35,000 

Stage III 30,000-
100,000 

No change -- 

Stage IV 50,000-
600,000 

No change -- 
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Appendix Table 5. Results from the probabilistic sensitivity analysis 

Strategy Mean cost ($) 
Mean quality 
adjusted life 

years 

Incremental  
cost ($) 

Incremental  
quality adjusted 

life years 

Incremental cost 
effectiveness ratio 

No screening 797 15.217 -- -- -- 

Double contrast barium 
enema 5 years 

1,405 15.234 
608 0.017 

Dominated* 

Fecal DNA 3 years 2,084 15.238 679 0.004 Dominated 

Biennial low sensitivity 
guaiac fecal occult blood 
test 

1,181 15.257 
384 0.040 

9,600 

CT colonography 5 years 2,171 15.267 990 0.010 Dominated 

Sigmoidoscopy 5 years 1,394 15.269 213 0.002 Dominated 

Annual low sensitivity 
guaiac fecal occult blood 
test 

1,417 15.274 
23 0.005 

Dominated 

Annual high sensitivity 
guaiac fecal occult blood 
test 

1,359 15.292 
178 0.035 

5,086 

Annual fecal 
immunochemical test 

1,450 15.301 
91 0.009 

10,111 

Annual low sensitivity 
guaiac fecal occult blood 
test plus sigmoidoscopy 5 
years 

1,649 15.304 199 0.003 Dominated 

Colonoscopy 10 years 1,541 15.320 91 0.019 4,790 

Remaining (non-dominated strategies) 

Strategy 
Mean cost 

($) 

Mean quality 
adjusted life 

years 

Incremental cost 
effectiveness ratio 

Interpretation 
Incremental cost 

effectiveness ratio 

No screening 797 15.217 -- -- -- 

Biennial low sensitivity 
guaiac fecal occult blood 
test 

1,181 15.257 9,600 
Extended† 
dominance Removed 

Annual high sensitivity 
guaiac fecal occult blood 
test 

1,359 15.292 5,086 
Extended 

dominance Removed 

Annual fecal 
immunochemical test 

1,450 15.301 10,111 
Extended 

dominance 
Removed 

Colonoscopy 10 years 1,541 15.320 4,790 -- 7,223 

*A strategy exists that is more expensive but less effective. Dominated strategies are removed from the analysis 
and the ICERs of the remaining strategies calculated. †A strategy exists that is more effective and has a lower 
ICER. Extended dominance strategies are removed from the analysis and the ICERs of remaining strategies 
calculated. 
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