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ABSTRACT* 

 

Objective 

Imaging may be promising for colorectal cancer (CRC) screening, since it has test characteristics 

comparable with colonoscopy but is less invasive. We aimed to assess the potential of CT 

colonography (CTC) and MR colonography (MRC) in terms of (cost-effectiveness) using the Adenoma 

and Serrated pathway to Colorectal CAncer model. 

 

Methods 

We compared several CTC and MRC strategies with 5- or 10-yearly screening intervals with no 

screening, 10-yearly colonoscopy screening and biennial faecal immunochemical test (FIT) screening. 

We assumed trial-based participation rates in the base-case analyses and varied the rates in 

sensitivity analyses. Incremental lifetime costs and health effects were estimated from a healthcare 

perspective. 

 

Results 

The health gain of CTC and MRC was similar and ranged from 0.031 to 0.048 life-year gained 

compared with no screening, for 2–5 screening rounds. Lifetime costs per person for MRC strategies 

were €60–110 higher than those for CTC strategies with an equal number of screening rounds. All 

imaging-based strategies were cost-effective compared with no screening. FIT screening was the 

dominant screening strategy, leading to most LYG and highest cost-savings. Compared with three 

rounds of colonoscopy screening, CTC with five rounds was found to be cost-effective in an 

incremental analysis of imaging strategies. Assumptions on screening participation have a major 

influence on the ordering of strategies in terms of costs and effects. 

 

Conclusion 

CTC and MRC have potential for CRC screening, compared with no screening and compared with 

three rounds of 10-yearly colonoscopy screening. When taking FIT screening as the reference, 

imaging is not cost-effective. Participation is an important driver of effectiveness and cost estimates. 

 

Advances in knowledge 

This is the first study to assess the cost-effectiveness of MRC screening for CRC. 

 

 

 

 

 

 

 

 

 

 

 

 
* In accordance with the  journal guidelines, this Chapter is written in British English. 



Chapter 5 - Potential of imaging techniques for CRC screening 

78 
 

BACKGROUND 

With over 1.3 million incident cases and almost 700,000 deaths worldwide in 2012, colorectal 

cancer (CRC) is an important health problem, especially in developed countries.1 Screening has been 

shown to reduce both CRC incidence and mortality,2–4 and a range of screening modalities are 

available. However, the choice for a screening test is difficult, which is reflected by the different 

primary tests used in screening programmes. Some countries have implemented stool-based tests, 

whereas other countries have implemented endoscopy or a combination of both.5 Alternatively, as is 

for example performed in the USA, participants can choose between several screening modalities.6  

The decision for a screening test is based, among other factors, on test characteristics, 

affordability, safety and acceptance by participants. If we focus purely on test characteristics, 

colonoscopy is the optimal test because of its high diagnostic accuracy. However, the procedure, 

especially the bowel preparation, is burdensome, which may lead to a low population uptake.7,8 

Strategies to increase participation in colonoscopy screening are investigated8 as well as alternative 

screening modalities.  

Alternatives to colonoscopy are CT colonography (CTC) and MR colonography (MRC). Both 

methods enable external inspection of the colon and are therefore less invasive than colonoscopy. 

Moreover, it is possible to conduct CTC with limited bowel preparation.9,10 Screening participants 

seem to favour colonography11,12 over colonoscopy. CTC has wider availability, concerns a more 

established technique and is less costly compared with MRC and is therefore more extensively 

studied. The sensitivity of CTC for detecting small adenomas is slightly lower than that of 

colonoscopy,13–15 whereas the sensitivity for detecting large adenomas and CRC is comparable.16,17  

MRC, which in contrast to CTC is free from ionizing radiation, is evaluated in a limited number 

of studies only. These studies showed that MRC has a lower sensitivity for small and large adenomas 

than colonoscopy but has a similar sensitivity for CRC.18–21 The results on patient acceptance for MRC 

compared with colonoscopy are inconclusive.22,23 The general idea is that higher patient acceptance 

may be achievable because MRC can be conducted after limited bowel preparation with faecal 

tagging.23–25 Thus, full bowel preparation—which is an important barrier in colonoscopy screening8—

may not be required.  

We aimed to compare CTC and MRC screening with no screening and colonoscopy screening 

in terms of effectiveness, costs and cost-effectiveness using the Adenoma and Serrated pathway to 

Colorectal CAncer (ASCCA) model.26 We also included faecal immunochemical testing (FIT) as a 

comparator because many countries have implemented stool-based testing. Various strategies 

differing in screening interval and number of screening rounds were evaluated. 

 

METHODS 

Adenoma and Serrated pathway to Colorectal CAncer model 

All analyses were conducted using the ASCCA model,26 which is described in more detail in 

the Appendix A. A flowchart of the adenoma–carcinoma pathway as simulated by the model is 

provided in Figure 1. In short, the ASCCA model simulates individuals’ health trajectories from the 

age of 20 years until they are deceased or have reached the age of 90 years. Individuals in the model 

can develop up to 10 adenomas and 10 serrated lesions. The development of colorectal lesions is 

modelled as growth in size while taking lesion characteristics, e.g. location, morphology, dysplasia 

and villosity, into account.  

We have excluded the serrated pathway to CRC to enable comparison of the study results 

with other modelling studies that did not consider this pathway. In addition, a recent study showed 



Chapter 5 - Potential of imaging techniques for CRC screening 

79 
 

that inclusion of the serrated pathway to CRC hardly affected model predictions when serrated 

lesions were removed upon detection, which is clinical practice.27 Thus, in the model, all CRCs arise 

from adenomas and only advanced adenomas can progress to CRC. Advanced adenomas are defined 

as adenomas which are either 10 mm or larger, have any villous component or have high-grade 

dysplasia.28  

CRC consists of four different stages according to the tumour-node-metastasis (TNM) 

classification system. Non-symptomatic tumours can progress to a more advanced stage or become 

detected, either by screening or by symptoms. The model satisfactorily reproduces the Dutch age- 

and sex-specific adenoma and serrated lesion prevalence as reported in the COlonoscopy vs 

COlonography Screening trial12 and Dutch CRC incidence and mortality rates.29 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. Flowchart of the adenoma-carcinoma pathway in the Adenoma and Serrated pathway to Colorectal CAncer model. 

It can be noted that advanced adenoma is a definition and not a state in the model. 

 

Screening strategies 

We considered a treatment-only strategy without screening and 12 screening strategies that 

differed with respect to the primary screening instrument, screening interval and the number of 

screening rounds. The primary screening instruments were CTC, MRC, colonoscopy and FIT. For the 

imaging techniques, we considered four strategies with screening ages 55 and 65 years; 55, 65 and 

75 years; 50, 60, 70 and 80 years; and 55, 60, 65, 70 and 75 years. For colonoscopy, three screening 

strategies were evaluated with screening at ages 55 and 65 years; 55, 65 and 75 years; and 50, 60, 70 

and 80 years. For FIT testing, the Dutch programme was simulated consisting of biennial FIT 

screening in individuals aged 55–75 years.  

For each strategy, we used observed participation rates from Dutch implementation trials. 

For CTC, colonoscopy and FIT, observed participation rates were 34,12 2212 and 63%.30 For MRC, 

participation was set at 34% because MRC may be expected to have comparable participation rates 

as CTC. Because data on individual participation patterns are lacking, we assumed for all screening 

modalities that the probability to attend screening is equal for each individual and is unrelated to 

participation in previous or future screening rounds.  

Screening participants with a positive imaging test or FIT test are referred to diagnostic 

colonoscopy. CTC and MRC were considered positive when small (6–9 mm) or large adenomas (≥10 

mm) or CRC were detected. For FIT testing, a cut-off point of 75 ng/ml was used. Adherence to 
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diagnostic colonoscopy after a positive screening test was assumed to be 96%.31 Polypectomy was 

performed on all detected adenomas and a risk score was calculated based on the number, size and 

location of adenomas. This risk score determines the surveillance protocol, as specified in the Dutch 

surveillance guidelines.32 Participation for surveillance was set at 96%.31 

 

Test characteristics 

Table 1 provides an overview of the lesion-specific test characteristics for all evaluated 

screening tests. Test characteristics were based on meta-analyses on CTC,16,17,33 screening trials and a 

meta-analysis on MRC18–21 and a systematic review on colonoscopy.34 Because the literature does not 

provide lesion-specific FIT sensitivities, these were estimated via calibration of the model-predicted 

FIT positivity and detection rates for advanced adenomas and CRC to figures reported for a Dutch FIT 

screening trial.35 A detailed description of this calibration has been published previously.26 

 

 
Table 1. Test characteristics of CT colonography (CTC), MR colonography (MRC), colonoscopy and faecal immunochemical 

test (FIT).   

 Positivity rate per lesion 

Test 
No adenoma 

(per person, %) 

Adenoma 

< 6 mm (%) 

Adenoma 

6 – 9 mm (%) 

Adenoma 

≥ 10 mm (%) 

CRC 

Early stage (%) 

CRC 

Late stage (%) 
References 

CTC  9 
a 

76 86 96 96 
16,17,33

 

MRC 10 
a 

75 84 100 100 
18–21

 

Colonoscopy  0 74 87 97.9 100 100 
34

 

FIT 

   Men 

   Women 

 

4 

3 

 

a 

a 

 

12 

10 

 

30 

28 

 

50 

50 

 

85 

85 

26,35
 

CRC, colorectal cancer. 
 

a 
We assumed that the positivity rate in individuals with diminutive adenomas is equal to that in healthy individuals (i.e. 

individuals with no adenoma).  

 

 

Costs 

Costs related to screening and treatment of CRC are shown in Table 2, together with the 

source of each item. All costs were converted to 2014 Euros using the consumer price index for that 

year.36 Furthermore, we assumed a small risk of complications such as bowel perforations after 

colonography and colonoscopy.37,38 The costs of these complications are also taken into account. 

Since there are no data on costs of complications after colonography, we assumed these to be equal 

to the costs of complications after colonoscopy. Total costs were determined from a healthcare 

perspective. 
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Table 2. Parameters and costs related to screening and colorectal cancer (CRC) treatment.  

CTC, computed tomographic colonography; MRC, magnetic resonance colonography; FIT, faecal immunochemical test.  

 
a 

At each round each individual has the same probability to attend screening. 
b 

Costs per invitee. 
c 
Costs per participant. 

d 
Fatal complications occur in 1 per 10,000 colonoscopies.

38,59
   

 

All costs are presented in 2014 Euros.  

 

 

 

Variable Value Reference 

Participation rate
a 

   CTC 

   MRC 

   Colonoscopy 

   FIT 

 

34% 

34% 

22% 

63% 

12,30
 

Compliance diagnostic colonoscopy 96% 
31

 

Compliance surveillance colonoscopy 96% 
31

 

Screen-detected CRC survival probabilities 

   Year 1 

   Year 2 

   Year 3 

   Year 4 

   Year 5 

   Year 6 

   Year 7 

   Year 8 

   Year 9    

   Year 10 

Stage I 

0.9752 

0.9936 

0.9935 

0.9934 

0.9934 

0.9933 

0.9865 

0.9938 

0.9938 

0.9938 

Stage II 

0.9380 

0.9725 

0.9784 

0.9776 

0.9845 

0.9921 

0.9876 

0.9876 

0.9876 

0.9876 

Stage III 

0.9256 

0.9366 

0.9451 

0.9570 

0.9630 

0.9606 

0.9628 

0.9628 

0.9628 

0.9628 

Stage IV 

0.4700 

0.5532 

0.5769 

0.7333 

0.8182 

0.8889 

0.8750 

0.8750 

0.8750 

0.8750 

29,54
 

CTC costs 

   Invitational costs
b 

   Positive scan (organization, personnel, analysis)
c 

   Negative scan (organization, personnel, analysis)
c 

  Complications after CTC (1 per 1,500)
 

 

€    5.91 

€ 161.62 

€ 152.12 

€ 1,373.93 

 

 
37,55

 

MRC costs 

   Invitational costs
b 

   Costs per scan (organization, personnel, analysis)
c 

    
Complications after MRC (1 per 1,500)

 

 

€    5.91 

€ 269.77 

€ 1,373.93 

 
55,56

 

Colonoscopy costs 

   Invitational costs
b
 

   Without polypectomy
c
 

   With polypectomy
c 

   Complications after colonoscopy (1 per 1,000)
d 

 

€     5.29 

€ 209.13 

€ 356.07 

€ 1,373.93 

 

 
38,56–59

 

 

FIT costs 

   Testkit
b 

   Organisation
b
 

   Analysis
c 

 

€ 1.37 

€ 14.96 

€ 4.80 

 

 
58

 

 

CRC treatment costs  

    Stage I 

   Stage II 

   Stage III 

   Stage IV 

 

€ 26,345 

€ 41,355 

€ 54,320 

€ 40,610 

 

 
50
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Cost-effectiveness analyses 

For each strategy, a cohort of 10,000,000 individuals was simulated. Results of each strategy 

included the number of colonoscopies due to the screening programme, the proportion of negative 

colonoscopies, number of CRC deaths, total lifetime costs per person and number of life-years (LY) 

lived per person. For the cost-effectiveness analyses, model predictions for total costs and LY from 

age 50 years onwards were used. Both were discounted using a discount rate of 3%.39 The outcomes 

of each screening strategy were compared with no screening by calculating the incremental cost-

effectiveness ratio (ICER), which is the difference in costs divided by the difference in LY. An ICER less 

than the Dutch gross domestic product per capita in 2013, i.e. €35,916/life-year gained (LYG), was 

considered cost-effective.36,40 A strategy is considered dominant (also called strong dominance) when 

it is equally or more effective and less costly than another strategy or combination of other 

strategies. 

 

Sensitivity analyses 

We repeated all base-case analyses with a natural history parameter set representing low 

and high adenoma prevalence (Appendix A) to assess the impact of natural history assumptions. 

Furthermore, we assessed the impact of the following changes in one-way sensitivity analyses: (1) 

increasing and decreasing the costs of CRC treatment by both 25% and 50% to account for country-

specific treatment costs as well as new treatment regimes, (2) increasing and decreasing the 

positivity rate of imaging techniques for small and large adenomas by 5%, (3) increasing and 

decreasing the positivity rate of imaging techniques in healthy individuals by 5%, (4) increasing and 

decreasing the costs per imaging test by €50 and (5) lowering the costs of complications due to 

imaging tests to €1000 and €500 because these complications may be less severe, and thus less 

costly, than complications due to colonoscopy. Finally, we set the participation rates of all screening 

modalities to 20, 40, 60, 80 and 100%. 

 

RESULTS 

Effect of screening on the number of colorectal cancer deaths and colonoscopies 

Table 3 shows for each screening modality and for no screening the number of diagnostic and 

surveillance colonoscopies due to the screening programme as well as the number of CRC deaths. 

Without screening, the ASCCA model predicted 28.3 CRC deaths per lifetime of 1000 individuals. CTC 

and MRC led to comparable reductions in CRC deaths per 1000 individuals of around 25, 31, 35 and 

45% for two, three, four and five screening rounds, respectively. For colonoscopy, reductions in CRC 

deaths for two, three, and four screening rounds were similar to the imaging strategies with an equal 

number of screening rounds. To achieve this reduction, 80–94 colonoscopies per prevented death 

were required in colonoscopy screening, and 35–38 colonoscopies per prevented death were 

required in CTC and MRC screening. FIT screening led to the highest reduction in CRC deaths, i.e. 

57%, and required 34 colonoscopies to prevent 1 CRC death.  

Besides requiring the highest number of colonoscopies to prevent one death, colonoscopy 

screening also had the highest proportion of negative colonoscopies, i.e. 70–73% (Table 3). Using 

another primary screening instrument to preselect individuals at increased risk for referral to 

colonoscopy, the proportion of negative colonoscopies was considerably lower. CTC had the lowest 

proportion of negative colonoscopies (33–37%). Please note that the proportion of negative 

colonoscopies is related to the number of individuals with false-positive findings on the FIT or 

imaging test. 
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Table 3. Number of diagnostic and surveillance colonoscopies due to the screening programme per 1,000 individuals, proportion of negative colonoscopies, colorectal cancer (CRC) deaths per 

1,000 individuals, number of colonoscopies per death prevented, discounted LY per individual and discounted total costs per individual.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CTC, computed tomographic colonography; FIT, faecal immunochemical test; ICER, incremental cost-effectiveness ratio; LY, life-years; LYG, life-years gained; MRC, magnetic resonance 

colonography; NA, not applicable.  
 

a 
This strategy dominates all other screening strategies in an incremental analysis.

 

 ____________________________Per 1,000 individuals____________________________ _______Per individual_______ 

Strategy 
Number of 

screening rounds 

Screening 

interval 
Colonoscopies 

Proportion of negative 

colonoscopies 

CRC 

deaths 

Colonoscopies/ 

death prevented 

Discounted 

LY 

Discounted total 

costs in Euros 

No screening NA NA NA NA 28.3 NA 19.4116 1,423 

CTC
 

 

2 10 250 37.0% 21.1 35 19.4421 1,253 

3 10 305 32.5% 19.5 35 19.4449 1,234 

4 10 366 34.9% 18.4 37 19.4531 1,229 

5 5 471 35.2% 15.5 37 19.4594 1,157 

MRC
 

 

2 10 254 39.3% 21.1 35 19.4425 1,310 

3 10 311 34.5% 19.4 35 19.4450 1,304 

4 10 374 37.0% 18.4 38 19.4533 1,323 

5 5 481 37.3% 15.5 38 19.4597 1,266 

Colonoscopy
 

 

2 10 579 72.5% 21.1 80 19.4396 1,220 

3 10 725 69.9% 19.9 86 19.4416 1,202 

4 10 905 72.4% 18.7 94 19.4500 1,177 

FIT
 

11 2 545 42.1% 12.2 34 19.4752
a 

981
a 
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Cost-effectiveness analyses 

Figure 2 shows a cost-effectiveness plane with the incremental costs of each screening 

modality plotted against the number of LYG compared with no screening. In addition, from the 

origin, representing no screening, a dotted line is plotted with a slope corresponding to an ICER of 

€35,916/LYG, i.e. the Dutch gross domestic product per capita. Strategies located right from this line 

can be considered cost-effective compared with no screening. Strategies that are located in the 

lower right quadrant are dominant, i.e. they are both more effective and less costly than no 

screening. CTC strategies led to similar LYG as MRC strategies with an equal number of screening 

rounds. The health gain of CTC and MRC ranged between 0.031 and 0.048 LYG per person compared 

with no screening, for 2–5 screening rounds. However, MRC strategies cost €60–110 per person 

more than CTC strategies with an equal number of screening rounds. This is mainly due to the higher 

costs per test. The imaging strategies with a 10-year interval were slightly more effective (0.003 LY 

per person) than colonoscopy screening with an equal number of screening rounds, due to the 

difference in trial-based participation rates. When the screening interval for the imaging strategies 

was set at 5 years, imaging was more effective than all colonoscopy strategies. When comparing this 

5-yearly strategy to the most effective colonoscopy strategy, i.e. four 10-yearly rounds of 

colonoscopy screening, imaging led to 0.01 more LY per person. FIT screening was the most effective 

strategy with 0.064 LYG compared with no screening.  

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 2. Cost-effectiveness plane depicting incremental life-year gained (LYG) (x-axis) and incremental costs (y-axis) for CT 

colonography (CTC), MR colonography (MRC), colonoscopy and faecal immunochemical test (FIT) screening to no screening 

(origin). Darker colours indicate more screening rounds (two, three and four rounds with a 10-year screening interval) and 

the open symbol indicates imaging strategies with five screening rounds with a 5-year interval. GDP, gross domestic 

product; ICER, incremental cost-effectiveness ratio.  
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When taking no screening as the reference, all screening strategies were cost-effective. Each 

strategy led to more LY at lower costs than no screening (Table 3). Being the most effective screening 

strategy and saving most costs, FIT screening dominated all other screening strategies.  

We also calculated ICERs of the imaging strategies using three rounds of colonoscopy 

screening as the reference, as this is one of the recommended CRC screening strategies in the USA 

(Table 4).41 CTC and MRC strategies with three, four or five screening rounds were cost-effective 

alternatives for three rounds of colonoscopy screening. Five rounds of CTC screening was even more 

effective at lower costs. In an incremental analysis, CTC with five screening rounds was found to be 

cost-effective. When FIT screening was taken as the comparator, none of the strategies were cost-

effective alternatives; all strategies were less effective and more costly. 
 
 
Table 4. The discounted life-years (LY) and total costs per individual for three rounds of colonoscopy screening (reference) 
and eight imaging strategies. The imaging strategies are ordered according to increasing costs. The ICER of each imaging 
strategy compared to three rounds of colonoscopy screening is indicated by ICER 1 whereas ICER 2 is calculated using the 
nearest cheaper strategy that is not dominated as the reference.  

 
CTC, computed tomographic colonography; ICER, incremental cost-effectiveness ratio; LYG, life-year gained; MRC, magnetic 
resonance colonography.  
ICERs in bold indicate strategies that are cost-effective compared to three rounds of colonoscopy screening according to a 
cost-effectiveness threshold of €35,916/LYG.  
 
* ICER compared to five rounds of CTC screening.  
 

Sensitivity analyses 

Appendix B shows the results of the sensitivity analyses concerning natural history 

assumptions, treatment costs, test characteristics of imaging strategies, costs per imaging test and 

costs of complications due to imaging. Model predictions were robust to changes in these 

parameters. In all sensitivity analyses, screening remained more effective than no screening 

(Supplementary Table B1). In most analyses, screening was also less costly than no screening. Only 

when the treatment costs decreased by 50%, MRC strategies with 2–5 screening rounds cost an 

additional €31–91 per person compared with no screening. Nevertheless, compared with no 

screening, the maximum ICER was 11,946 €/LYG, meaning that all screening strategies were still cost-

effective compared with no screening.  

In direct comparison with three rounds of colonoscopy screening (Supplementary Table B2), 

CTC screening with three, four or five rounds and MRC screening with four or five rounds were cost-

effective in all sensitivity analyses. Three rounds of MRC screening was no longer cost-effective when 

the positivity rate for small and large adenomas was decreased by 5% or when the costs per test 

were increased by €50. Two rounds of CTC became a cost-effective alternative when the positivity 

rate for small and large adenomas was increased by 5%, whereas two rounds of MRC was a cost-

Strategy 
Discounted 

total costs in 
Euros 

Discounted 
LY 

Difference in 
costs in Euros 

LYG ICER 1 ICER 2 

Colonoscopy, 3 rounds 1,202 19.4416 Reference Reference Reference Reference 
CTC, 5 rounds 1,157 19.4594 -45 0.0178 Dominant Dominant 
CTC, 4 rounds 1,229 19.4531 27 0.0115 2,346 Dominated 
CTC, 3 rounds 1,234 19.4449 32 0.0033 9,691 Dominated 
CTC, 2 rounds 1,253 19.4421 51 0.0005 101,320 Dominated 
MRC, 5 rounds 1,266 19.4597 63 0.0181 3,498 €363,333* 
MRC, 3 rounds 1,304 19.4450 102 0.0034 29,917 Dominated 
MRC, 2 rounds 1,307 19.4425 107 0.0009 119,333 Dominated 
MRC, 4 rounds 1,323 19.4533 120 0.0117 10,278 Dominated 
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effective alternative for colonoscopy screening when the costs per test were decreased by €50. 

When we assumed a high adenoma prevalence parameter set, all imaging strategies were cost-

effective compared with colonoscopy screening.  

In an incremental analysis, CTC with five rounds remained the only cost-effective strategy. 

Only when the treatment costs decreased by 50% or when the costs of complications were set at 

€500, CTC with three rounds and CTC with four rounds were also cost-effective alternatives, 

respectively. When FIT screening was considered the reference strategy, none of the imaging 

strategies were cost-effective in any of the sensitivity analyses.  

Finally, we assessed the impact of setting the participation rates of all screening strategies to 

20, 40, 60, 80 and 100%, as shown in Table 5. When participation rates of screening strategies 

change substantially, the ordering in terms of cost-savings and effects may also change considerably. 

In the base-case analysis, FIT screening dominated all other screening strategies under evaluation. 

Table 5 shows that under specific, and unlikely, circumstances, imaging could lead to more LYG and 

lower costs than FIT screening. For example, four rounds of CTC at 60% participation resulted in 

0.038 LYG and cost-savings of €96 compared with FIT screening at 20% participation.   

When comparing strategies at the same participation rate, the ordering in terms of 

incremental health effects and cost-savings remained fairly similar. At equal participation, in general, 

colonoscopy was the most effective strategy with the highest cost-savings. 

 
Table 5. Results of sensitivity analyses regarding participation rates. Discounted LY and discounted total costs per individual 

for all screening strategies.  

Strategy 

Number of 

screening 

rounds 

Participation rate 

___20%___ ___40%___ ___60%___ ___80%___ ___100%___ 

LY Costs LY Costs LY Costs LY Costs LY Costs 

CTC 

2 19.4301 1,321 19.4474 1,228 19.4627 1,147 19.4768 1,081 19.4921 1,008 

3 19.4318 1,305 19.4501 1,206 19.4664 1,127 19.4809 1,065 19.4951 1,003 

4 19.4372 1,300 19.4596 1,201 19.4788 1,128 19.4956 1,074 19.5129 1,022 

5 19.4424 1,239 19.4652 1,132 19.4812 1,081 19.4928 1,067 19.5038 1,059 

MRC 

2 19.4302 1,352 19.4470 1,292 19.4632 1,245 19.4771 1,211 19.4922 1,170 

3 19.4322 1,345 19.4504 1,287 19.4661 1,248 19.4807 1,225 19.4956 1,201 

4 19.4377 1,355 19.4594 1,313 19.4793 1,291 19.4958 1,290 19.5130 1,289 

5 19.4431 1,304 19.4653 1,260 19.4819 1,262 19.4930 1,303 19.5046 1,346 

Colonoscopy 

2 19.4371 1,237 19.4596 1,083 19.478 963 19.4901 873 19.5072 816 

3 19.439 1,221 19.4612 1,067 19.4800 957 19.4957 885 19.5077 849 

4 19.4464 1,196 19.4746 1,033 19.4971 929 19.5148 872 19.5278 857 

FIT 11 19.4413 1,224 19.4601 1,089 19.4737 993 19.4830 924 19.4926 857 

CTC, computed tomographic colonography; FIT, faecal immunochemical test; LY, life-years; MRC, magnetic resonance 

colonography.  

 

DISCUSSION 

In this study, we assessed the cost-effectiveness of several strategies of CTC and MRC 

screening for CRC compared with no screening, colonoscopy screening and FIT screening. According 

to our model predictions, all imaging strategies were cost-effective compared with no screening. 

Although MRC strategies led to similar health gains as CTC strategies with an equal number of 

screening rounds, the cost-savings were lower, which was mainly due to the higher costs per test.  

Since this is the first study to assess the cost-effectiveness of MRC screening for CRC, it is not 

possible to compare our results for MRC screening with other studies. However, we also included 

CTC, colonoscopy and FIT screening, which are evaluated by various other modelling studies. A 
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review of these studies42 concluded that CRC screening is cost-effective compared with no screening 

for all screening modalities. In addition, some of the studies included in the review reported that 

colonoscopy, CTC and FIT screening were more effective and less costly than no screening. This is in 

line with our results.  

Because several countries have already implemented a CRC screening programme, we also 

compared imaging-based screening with colonoscopy screening and FIT screening. Especially the 

comparison with colonoscopy screening, which is for example implemented in Austria, Greece and 

Poland,43 is interesting because CTC and MRC have comparable test characteristics for large 

adenomas and CRC compared with colonoscopy screening13–21 but are less invasive. Also, bowel 

preparation, which is an important barrier in colonoscopy screening,7,44 is likely to be less 

burdensome for imaging techniques.24,45 Therefore, higher participation rates may be achievable. 

This is underlined by the findings in a Dutch trial comparing colonoscopy and CTC screening in which 

participation rates were 22% and 34%, respectively.12  

Our study showed that imaging can be an attractive alternative to colonoscopy screening. An 

incremental analysis of imaging strategies showed that CTC with five rounds was the preferred 

imaging alternative. Besides being cost-effective, imaging can lead to a considerable health gain as 

well as a decrease in screening burden. A health gain of 0.018 LY, corresponding with a 22% 

reduction in CRC deaths, can be achieved with five rounds of imaging. Furthermore, compared with 

colonoscopy screening, the number of colonoscopies required to prevent one CRC death can be 

reduced by 55% when imaging is the primary screening test. Also, the number of negative 

colonoscopies can be markedly reduced with imaging. Nevertheless, in imaging strategies, still over 

30% of colonoscopies are negative, which leads to considerable screening burden.  

Although negative colonoscopies in imaging strategies are mainly due to false-positive 

imaging tests, they can also be the consequence of imperfect detection of colorectal lesions during 

colonoscopy itself. In clinical practice, these discordant test results may lead to additional referrals to 

either CTC or colonoscopy. This would lead to additional healthcare costs that were not included in 

our analyses.  

In our base-case analysis, the participation rates for FIT, colonoscopy and CTC were based on 

trials.12,30 However, participation in the context of a trial does not necessarily reflect participation 

rates that are achievable in a screening programme. For example, participation in the first round of 

the Dutch FIT screening programme was 8% higher than the participation in pilot studies.30,46 

Furthermore, the communication of information to screen-eligible individuals also influences 

participation in a screening programme.47 Thus, it is possible that higher participation rates for CTC 

can be achieved than the rates we assumed in our base-case analysis. Therefore, we carried out 

extensive sensitivity analyses in which we assumed participation  rates of 20, 40, 60, 80 and 100% for 

all screening strategies. We found that different assumptions for participation rates of the screening 

strategies could change the ordering of the screening strategies in terms of costs and effects 

considerably. Nevertheless, only under unlikely assumptions for participation rates of FIT and CTC 

screening, CTC can be more effective with higher cost-savings than FIT screening. Thus, none of the 

imaging strategies are likely to be a cost-effective alternative for FIT screening. Instead, CTC 

screening may be offered to individuals who are unwilling or not able to undergo diagnostic 

colonoscopy.48  

An important difference between imaging and other CRC screening modalities is the ability of 

imaging to visualize extracolonic structures. This enables the detection of, for example, aneurysms 

and extracolonic cancers. However, it is questioned whether this is an advantage or disadvantage of 
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screening by imaging.49 On the one hand, earlier detection of cancer and other abnormalities could 

potentially lead to health gains. On the other hand, most extracolonic findings are clinically 

unimportant and therefore, detection of these lesions may only cause futile distress. More research 

is required to evaluate the impact of extracolonic findings on the cost-effectiveness of CTC and MRC 

screening for CRC.  

A limitation of the present study is that the participation rate of CTC was derived from a 

study using limited bowel preparation,12 whereas the test characteristics of CTC were derived from 

studies using full bowel preparation.16,17,33 We assessed the impact of these assumptions in one-way 

sensitivity analyses in which we lowered positivity rates of CTC. Results did not change considerably. 

Furthermore, we based the participation rate of MRC on the participation rate of CTC owing to 

limited evidence on MRC participation. However, the procedures and bowel preparation differ, which 

could in practice lead to differences in the participation rate. In a sensitivity analysis, we both 

increased and decreased the participation rate of MRC. This analysis showed that MRC participation 

should be markedly higher than CTC participation to be a cost-effective alternative.  

In addition, costs of CRC treatment were based on a study reporting treatment costs in 

Ireland in 2008.50 Although we converted these costs to 2014 Euros based on the consumer price 

index, it is possible that these costs do not reflect current treatment costs in Netherlands. Firstly, 

treatment regimens can differ between countries. Secondly, new, mostly expensive, treatments have 

become available for CRC treatment since 2008. Therefore, CRC treatment costs were changed in a 

sensitivity analysis. Screening led to even higher cost-savings when treatment costs were increased, 

whereas the opposite holds for decreasing treatment costs. Nevertheless, all screening strategies 

remained cost-effective compared with no screening.  

The parameters in the ASCCA model are mainly derived from Dutch data. Nevertheless, 

model predictions can also be meaningful for other Western countries. Firstly, the natural history of 

CRC, on which the structure of the ASCCA model is based, is considered to be universal. Furthermore, 

test characteristics of colonoscopy, CTC and MRC are based on international systematic reviews and 

meta-analyses and therefore also apply for other countries. Thirdly, the Dutch surveillance guideline 

is comparable with the surveillance protocol of other Western countries. On the other hand, 

adenoma prevalence in the ASCCA model is higher than that in several other countries.51–53 

Furthermore, participation rates for each screening modality are also country specific. If the 

prevalence and participation rates in a country differ substantially from the rates used in this study, 

reparameterization of the model is required to obtain more accurate cost-effectiveness estimates. 

A strength of the present study is the extensive evaluation of the impact of changing key 

assumptions. The results of our sensitivity analyses did not change our main conclusion that all 

screening strategies lead to more LY at lower costs compared with no screening. Furthermore, CTC 

was still preferable over MRC owing to the lower costs per test. If computationally feasible, it would 

be valuable for future modelling studies to conduct a probabilistic sensitivity analysis in order to 

assess the joint effect of parameter uncertainty.  

In conclusion, this study assessed the potential of imaging techniques as a screening tool for 

CRC. Our results showed that imaging-based CRC screening is cost-effective compared with no 

screening. CTC screening is favoured over MRC screening owing to the lower costs per test. 

Furthermore, an incremental analysis of imaging strategies showed that CTC screening with five 

rounds is a cost-effective alternative for three rounds of colonoscopy screening. Compared with FIT 

screening, imaging-based screening is unlikely to be ever cost-effective. Participation is an important 

driver of effectiveness and cost estimates. 
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APPENDIX A. THE ADENOMA AND SERRATED PATHWAY TO COLORECTAL CANCER MODEL 

 

Model description 

The ASCCA model is a Markov microsimulation model, which means that individual health 

trajectories are simulated. Individuals are modelled from the age of 20 years to the age of 90 years or 

death, whichever comes first. During their lifetime, individuals can transition through a specific set of 

mutually exclusive health states. Each cycle, which has a length of 1 year, an individual has the 

probability to remain in the current health state or progress or regress to an adjacent health state. 

The model is programmed in C++. 

 

Natural history 

The ASCCA model describes the natural history of CRC, i.e. the development of colorectal 

lesions to cancer. Two pathways to CRC are included: the adenoma–carcinoma pathway as 

postulated by Morson et al in 1974A1,A2 and the more recently described serrated pathway. All 

individuals start in the model as healthy and are assigned a personal risk index. Together with an age-

specific baseline risk, this risk index determines an individual’s risk of developing colorectal lesions. 

This risk index ensures that some individuals develop multiple lesions, whereas the majority will not 

develop adenomas during their lifetime. In the model, individuals can develop up to 10 adenomas 

and 10 serrated lesions. The development of each adenoma is modelled independently. When an 

individual develops an adenoma, this is allocated several characteristics such as location, 

morphology, dysplasia and villosity. Each cycle, an adenoma has the probability to grow or regress in 

size. However, we did not allow for complete regression.A3–A5 Also, dysplasia and villosity can 

progress each cycle to a more severe stage. This risk of developing malignant features increases with 

adenoma size.  

When an adenoma is an advanced adenoma, i.e. has high-grade dysplasia, has any villous 

component or is ≥10 mm, it can progress to CRC. In the present study, we assumed that all CRCs arise 

via the adenoma–carcinoma pathway; that is, serrated lesions are considered innocuous. This 

enables comparison of model results with other CRC screening models, which do not include the 

serrated pathway to CRC. The ASCCA model includes four non-symptomatic and four symptomatic 

CRC stages. Each round, a tumour can progress to a more advanced stage or can become detected by 

symptoms. 

 

Screening component 

The ASCCA model is supplemented with a flexible screening component so that numerous 

screening strategies can be simulated. The screening component consists of three parts: (1) primary 

screening, (2) diagnostic colonoscopy and (3) surveillance. For primary screening, a screening age 

range, screening interval, participation rate and test characteristics need to be specified. It is also 

possible to specify two primary screening tests in order to evaluate co-testing or a primary test plus 

triage test. Also, the decision rule for referral to diagnostic colonoscopy needs to be defined.  

For diagnostic colonoscopy, the model requires input on the proportion of individuals that is 

compliant with referral to diagnostic colonoscopy, test characteristics and the risk of complications 

and deaths during the procedure. Also, the polypectomy strategy needs to be defined: that is, it 

needs to be specified which colorectal lesions, e.g. adenomas, small serrated lesions in the 

rectosigmoid etc., are removed upon detection.  
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Surveillance in the model is based on the findings during diagnostic colonoscopy. Individuals 

can be either referred back to primary screening or enter the surveillance programme. For the 

surveillance programme, the proportion of individuals that complies with the surveillance protocol, 

the test characteristics of the surveillance test, the interval between subsequent surveillance 

colonoscopies, an ending rule which determines when an individual is referred back to screening and 

a maximum age need to be specified.  

A cancer can become detected by screening during diagnostic colonoscopy or during 

surveillance colonoscopy. Screen-detected CRCs are assigned different survival probabilities 

compared with symptom-detected CRCs because the former have a better prognosis.A6  

It is possible to run the ASCCA model without the screening component. In that case, a 

scenario without screening is simulated. When a specific screening strategy is specified in the 

screening component, the impact of that screening strategy can be evaluated. In that case, screening 

can, when dependent on the screening input, disrupt the natural history; that is, adenomas have the 

probability to become detected and removed by means of polypectomy in order to prevent the 

development of CRC. The model keeps track of the underlying health status of an individual as well as 

the health status as determined by screening and colonoscopy. Consequently, the number of true 

positives, true negatives, false positives and false negatives in a specific screening strategy can be 

determined.  

 

Model parameters 

An important data source for the ASCCA model was the Dutch COlonoscopy vs COlonography 

Screening (COCOS) trial.A7 In this trial, previously unscreened individuals at average risk aged 50–75 

years were subjected to either colonoscopy or CTC. For the model parameters, data from only the 

colonoscopy arm were used.  

First, we calibrated the age- and sex-specific adenoma incidence and personal risk index to 

prevalence rates observed in the COCOS trial. For age categories that were not included in this trial, 

we used results from Rutter et al.A8 Subsequently, the progression rates and regression rates 

between the states diminutive adenoma, small adenoma and large adenoma were calibrated against 

the age-, sex- and size-specific prevalence rates found in the COCOS trial. During this calibration 

procedure, we used studies on adenoma growth rates to guide model input.A4,A5 It should be noted 

that we assumed that complete regression, i.e. from “diminutive adenoma” to “healthy”, is not 

possible and that only adenomas without malignant features can regress in size.  

Size-specific transition probabilities to acquire malignant features (“low-grade dysplasia” to 

“high-grade dysplasia” and “tubular” to “‘tubulovillous/villous”) were fitted against the proportion of 

adenomas with that specific malignant feature in each size category. Other adenoma characteristics, 

namely location distribution and morphology, were directly derived from the COCOS data.  

The sex-specific progression rate from advanced adenoma to CRC is defined by a Weibull 

distribution. The shape and scale of this distribution were calibrated against Dutch age- and sex-

specific CRC incidence rates as reported by the Dutch Cancer Registry.A10 For the stage-specific 

transition rates to a subsequent CRC stage, we used dwell times reported by Brenner et al,A11 

whereas stage-specific detection rates were fitted against the stage distribution of detected CRC.A12  

10-yearly stage-specific survival rates for CRC were derived from the Dutch Cancer 

Registry.A10 The age- and sex-specific risk of dying owing to other causes was based on observations 

of the Dutch Central Bureau of Statistics.A13  
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Supplementary Table A1. Overview of important model parameters in the base-case natural history model. All transition 

probabilities refer to a model cycle of one year.   

Parameter Value Reference 

Age-specific adenoma incidence 

   Age 20-39 

   Age 40-49 

   Age 50-54 

   Age 55-59 

   Age 60-64 

   Age 65-69 

   Age 70-74 

   Age 75-90 

Men 

0.0030 

0.0070 

0.0190 

0.0220 

0.0240 

0.0280 

0.0330 

0.0.350 

Women 

0.0018 

0.0042 

0.0114 

0.0132 

0.0144 

0.0168 

0.0198 

0.021 

A7,A8
 

Standard deviation personal risk index 1.6 
A7,A8

 

Progression in size 

   Diminutive to small 

   Small to large 

 

0.07 

0.10 

A7
 

Regression in size 

   Small to diminutive 

   Large to diminutive 

 

0.25 

0.15 

A4,A5,A7
 

High grade dysplasia 

   Diminutive adenoma 

   Small adenoma 

   Large adenoma 

 

0.004 

0.009 

0.01 

A7
 

   Tubulovillous/villous components 

   Diminutive adenoma 

   Small adenoma 

   Large adenoma 

 

0.004 

0.025 

0.085 

A7
 

Progression from AA to CRC 

   Scale 

   Shape 

Men 

25 

2 

Women 

23 

2 

A10
 

CRC  

   

   Stage I 

   Stage II 

   Stage III 

   Stage IV 

Dwell time 

 

2.5 

2 

1.5 

1 

Stage distribution 

detected CRC 

0.19 

0.31 

0.49 

0.01 

A11,A12
 

Symptom-detected CRC survival probabilities  

   Year 1 

   Year 2 

   Year 3 

   Year 4 

   Year 5 

   Year 6 

   Year 7 

   Year 8 

   Year 9 

   Year 10 

Stage I 

0.9600 

0.9896 

0.9895 

0.9894 

0.9893 

0.9892 

0.9783 

0.9900 

0.9900 

0.9900 

Stage II 

0.9000 

0.9556 

0.9651 

0.9639 

0.9750 

0.9872 

0.9800 

0.9800 

0.9800 

0.9800 

Stage III 

0.8800 

0.8977 

0.9114 

0.9306 

0.9403 

0.9365 

0.9400 

0.9400 

0.9400 

0.9400 

Stage IV 

0.4700 

0.5532 

0.5769 

0.7333 

0.8182 

0.8889 

0.8750 

0.8750 

0.8750 

0.8750 

A10
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After calibration, the ASCCA model satisfactorily reproduced data from the COCOS trial as 

well as the Dutch CRC incidence and mortality rates. Multiple parameter sets, i.e. a low, mean and 

high prevalence set, were obtained as a result of calibrating against the lower limit, mean and upper 

limit of the data. An overview of important model parameters as used in the base-case analyses of 

the present study is provided in Supplementary Table A1. In addition, Supplementary Table A2 shows 

the model-predicted age- and sex-specific prevalence of adenomas and advanced adenomas in the 

situation without screening. 

 
 

Supplementary Table A2. Prevalence of adenomas and advanced adenomas in the base-case natural history model.  

Age category 
  Prevalence in men (%) Prevalence in women (%) 

All adenomas Advanced adenomas All adenomas Advanced adenomas 

Age 25 3.7 0.1 2.3 0.1 

Age 30 7.0 0.6 4.4 0.3 

Age 35 9.9 1.3 6.3 0.8 

Age 40 13.1 2.1 8.6 1.3 

Age 45 18.2 3.3 12.3 2.0 

Age 50 23.5 4.8 16.5 3.0 

Age 55 31.8 7.1 23.5 4.4 

Age 60 38.5 10.2 29.4 6.6 

Age 65 43.8 13.8 34.3 9.2 

Age 70 48.5 17.4 38.8 12.0 

Age 75 52.5 20.9 42.7 14.8 

Age 80 55.6 24.1 45.8 17.4 

Age 85 57.9 26.8 48.2 19.8 

 

 

Cost-effectiveness analyses 

The cost-effectiveness of a specific screening strategy compared with the reference strategy 

is determined by dividing the difference in costs by the number of LYG. This results in the ICER. For 

this study, an ICER below €35,916/LYG, i.e. the Dutch GDP per capita, was considered cost-effective. 

To determine the costs of each strategy, we assigned costs to certain procedures as well as certain 

health states. These costs are shown in Table 2. For every individual, the model keeps a record of the 

procedures the individual has underwent as well as the health states. When the life trajectory of an 

individual is completed, total costs for that individual are calculated. This is repeated for all simulated 

individuals. All costs are summed up which results in the total costs of that specific strategy. The 

number of LY for each strategy consists of all LY lived by the individuals simulated in that strategy. In 

order to calculate LY, the age of death is recorded for every individual. The age at which individuals 

start in the model, i.e. 20 years, is deducted from the age of death to determine the number of LY 

lived for a specific individual. Then, the LY for all individuals in a specific strategy are summed. 

Besides determining the total costs and total number of LY, discounted total costs and discounted 

total number of LY are also estimated. Costs and LY are discounted using the international discount 

rate of 3%, starting at age 50 years.A14 

  



Chapter 5 - Potential of imaging techniques for CRC screening 

97 
 

REFERENCES 

A1.  Morson BC. Evolution of cancer of the colon and rectum. Cancer 1974; 34: 845–9.  

A2.  Muto T, Bussey HJ, Morson BC. The evolution of cancer of the colon and rectum. Cancer 1975; 36: 2251–70. 

A3.  Bersentes K, Fennerty MB, Sampliner RE, Garewal HS. Lack of spontaneous regression of tubular adenomas in two 

years of follow-up. Am J Gastroenterol 1997; 92: 1117–20. 

A4.  Hoff G, Foerster A, Vatn MH, Sauar J, Larsen S. Epidemiology of polyps in the rectum and colon. Recovery and 

evaluation of unresected polyps 2 years after detection. Scand J Gastroenterol 1986; 21: 853–62. 

A5.  Hofstad B, Vatn MH, Andersen SN, Huitfeldt HS, Rognum T, Larsen S, et al. Growth of colorectal polyps: 

redetection and evaluation of unresected polyps for a period of three years. Gut 1996; 39: 449–56. 

A6.  Mapp TJ, Hardcastle JD, Moss SM, Robinson MH. Survival of patients with colorectal cancer diagnosed in a 

randomized controlled trial of faecal occult blood screening. Br J Surg 1999;86:1286–91. 

A7.  Stoop EM, de Haan MC, de Wijkerslooth TR, Bossuyt PM, van Ballegooijen M, Nio CY, et al. Participation and yield 

of colonoscopy versus non-cathartic CT colonography in population-based screening for colorectal cancer: a 

randomised controlled trial. Lancet Oncol 2012; 13: 55–64. 

A8.  Rutter CM, Yu O, Miglioretti DL. A hierarchical non-homogenous Poisson model for meta-analysis of adenoma 

counts. Stat Med 2007;26: 98–109. 

A9.  van Rijn JC, Reitsma JB, Stoker J, Bossuyt PM, van Deventer SJ, Dekker E. Polyp miss rate determined by tandem 

colonoscopy: a systematic review. Am J Gastroenterol 2006;101: 343–50. 

A10.  IKNL. Cijfers over kanker [Updated 2011; cited 2012 Feb 6] Available from: http://www.cijfersoverkanker.nl/ 

A11.  Brenner H, Altenhofen L, Katalinic A, Lansdorp-Vogelaar I, Hoffmeister M. Sojourn time of preclinical colorectal 

cancer by sex and age: estimates from the German national screening colonoscopy database. Am J Epidemiol 

2011;174: 1140–46. 

A12.  Visser O, van Leeuwen FE. Stage-specific survival of epithelial cancers in North-Holland/Flevoland, Netherlands. 

Eur J Cancer 2005;41: 2321–30. 

A13.  Central Bureau for Statistics [Updated 2012. Cited April 2012]. Available from: http://www.cbs.nl 

A14.  Siegel JE, Torrance GW, Russell LB, Luce BR, Weinstein MC, Gold MR. Guidelines for pharmacoeconomic studies. 

Recommendations from the panel on cost effectiveness in health and medicine. Panel on cost effectiveness in 

health and medicine. Pharmacoeconomics 1997;11: 159–68. 

 

  



Chapter 5 - Potential of imaging techniques for CRC screening 

98 
 

APPENDIX B. RESULTS OF SENSITIVITY ANALYSES. 
 

Supplementary Table B1. Discounted LY and discounted total costs per individual for sensitivity analyses. 

Strategy 

Number of 

screening 

rounds 

LY Costs LY Costs 

_________Natural history assumption_________ 

Low adenoma prevalence set High adenoma prevalence set 

No screening  19.4213 1,405 19.4047 1,434 

CTC 

2 19.4508 1,233 19.4352 1,269 

3 19.4539 1,206 19.4378 1,251 

4 19.4613 1,205 19.4468 1,241 

5 19.4679 1,125 19.4522 1,179 

MRC 

2 19.4508 1,288 19.4358 1,323 

3 19.4535 1,277 19.4384 1,319 

4 19.4614 1,300 19.4471 1,334 

5 19.4678 1,234 19.4525 1,289 

Colonoscopy 

2 19.4476 1,204 19.4323 1,235 

3 19.4500 1,180 19.4306 1,221 

4 19.4574 1,158 19.4435 1,189 

FIT 11 19.4831
a 

945
a
 19.4687

a
 1,004

a
 

  ____________Treatment costs____________ 

  Treatment costs -25% Treatment costs + 25% 

No screening  19.4116 1,067 19.4116 1,778 

CTC 

2 19.4421 970 19.4421 1,536 

3 19.4449 962 19.4449 1,506 

4 19.4531 969 19.4531 1,489 

5 19.4594 924 19.4594 1,389 

MRC 

2 19.4425 1,026 19.4425 1,593 

3 19.4450 1,031 19.4450 1,577 

4 19.4533 1,062 19.4533 1,583 

5 19.4597 1,033 19.4597 1,499 

Colonoscopy 

2 19.4396 941 19.4396 1,499 

3 19.4416 933 19.4416 1,472 

4 19.4500 923 19.4500 1,432 

FIT 11 19.4752
a
 764

a
 19.4752

a
 1,197

a
 

  ____________Treatment costs____________ 

  Treatment costs -50% Treatment costs + 50% 

No screening  19.4116 711 19.4116 2,134 

CTC 

2 19.4421 686 19.4421 1,820 

3 19.4449 670 19.4449 1,779 

4 19.4531 709 19.4531 1,749 

5 19.4594 692 19.4594 1,622 

MRC 

2 19.4425 742 19.4425 1,877 

3 19.4450 759 19.4450 1,849 

4 19.4533 802 19.4533 1,843 

5 19.4597 800 19.4597 1,731 

Colonoscopy 

2 19.4396 663 19.4396 1,778 

3 19.4416 663 19.4416 1,742 

4 19.4500 669 19.4500 1,686 

FIT 11 19.4752
a
 548

a
 19.4752

a
 1,413

a
 

  Positivity rate of imaging techniques for small and large adenomas 

  Positivity rate -5% Positivity rate + 5% 

No screening  19.4116 1,423 19.4116 1,423 

CTC 2 19.4412 1,263 19.4435 1,244 
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3 19.4437 1,245 19.4459 1,223 

4 19.4521 1,239 19.4549 1,216 

5 19.4578 1,171 19.4604 1,146 

MRC 

2 19.4411 1,319 19.4429 1,301 

3 19.4441 1,314 19.4456 1,295 

4 19.4516 1,335 19.4542 1,310 

5 19.4576 1,280 19.4600 1,254 

Colonoscopy 

2 19.4396 1,220 19.4396 1,220 

3 19.4416 1,202 19.4416 1,202 

4 19.4500 1,177 19.4500 1,177 

FIT 11 19.4752
a
 981

a
 19.4752

a
 981

a
 

  Positivity rate of imaging techniques in healthy individuals 

  Positivity rate -5% Positivity rate + 5% 

No screening  19.4116 1,423 19.4116 1,423 

CTC 

2 19.4425 1,252 19.4415 1,256 

3 19.4454 1,232 19.4443 1,236 

4 19.4540 1,227 19.4526 1,229 

5 19.4596 1,155 19.4583 1,160 

MRC 

2 19.4428 1,307 19.4420 1,311 

3 19.4453 1,302 19.4448 1,306 

4 19.4540 1,321 19.4526 1,325 

5 19.4598 1,263 19.4591 1,270 

Colonoscopy 

2 19.4396 1,220 19.4396 1,220 

3 19.4416 1,202 19.4416 1,202 

4 19.4500 1,177 19.4500 1,177 

FIT 11 19.4752
a
 981

a
 19.4752

a
 981

a
 

  __________Costs of imaging test__________ 

  Costs -50 Euro Costs +50 Euro 

No screening  19.4116 1,423 19.4116 1,423 

CTC 

2 19.4421 1,230 19.4421 1,276 

3 19.4449 1,205 19.4449 1,263 

4 19.4531 1,190 19.4531 1,268 

5 19.4594 1,111 19.4594 1,203 

MRC 

2 19.4425 1,230 19.4425 1,333 

3 19.4450 1,275 19.4450 1,333 

4 19.4533 1,284 19.4533 1,362 

5 19.4597 1,220 19.4597 1,311 

Colonoscopy 

2 19.4396 1,220 19.4396 1,220 

3 19.4416 1,202 19.4416 1,202 

4 19.4500 1,177 19.4500 1,177 

FIT 11 19.4752
a
 981

a
 19.4752

a
 981

a
 

  _____Costs of complications due to imaging_____ 

  Costs set at € 500 Costs set at € 1,000 

No screening  19.4116 1,423 19.4116 1,423 

CTC 

2 19.4421 1,253 19.4421 1,253 

3 19.4449 1,234 19.4449 1,234 

4 19.4531 1,129 19.4531 1,229 

5 19.4594 1,156 19.4594 1,157 

MRC 

2 19.4425 1,309 19.4425 1,310 

3 19.4450 1,304 19.4450 1,304 

4 19.4533 1,322 19.4533 1,322 

5 19.4597 1,265 19.4597 1,265 

Colonoscopy 2 19.4396 1,220 19.4396 1,220 
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3 19.4416 1,202 19.4416 1,202 

4 19.4500 1,177 19.4500 1,177 

FIT 11 19.4752
a
 981

a
 19.4752

a
 981

a
 

CTC, computed tomographic colonography; FIT, faecal immunochemical test; ICER, incremental cost-effectiveness ratio; LY, 

life-years; MRC, magnetic resonance colonography. 
a 

This strategy dominates all other screening strategies in an incremental analysis. 
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Supplementary Table B2. Discounted LY and discounted total costs per individual for three rounds of colonoscopy screening (reference) and eight imaging strategies for all sensitivity analyses. 

The imaging strategies are ordered according to increasing costs. Strategies with the same costs are ordered according to increasing LY. The ICER of each strategy compared to three rounds of 

colonoscopy screening is indicated by ICER 1 whereas ICER 2 is calculated using the nearest cheaper strategy that is not dominated as the reference.  

Strategy 
Number of 

screening rounds 
Costs LY ICER 1 ICER 2 Strategy 

Number of 

screening rounds 
Costs LY ICER 1 ICER 2 

  _____________________________Natural history assumption_____________________________ 

  Low adenoma prevalence set  High adenoma prevalence set 

Colonoscopy 3 1,180 19.4500 Reference Reference Colonoscopy 3 1,221 19.4306 Reference Reference 

CTC 5 1,125 19.4679 Dominant Dominant CTC 5 1,179 19.4522 Dominant Dominant 

CTC 4 1,205 19.4613 2,212 Dominated CTC 4 1,241 19.4468 1,235 Dominated 

CTC 3 1,206 19.4539 6,667 Dominated CTC 3 1,251 19.4378 4,167 Dominated 

CTC 2 1,233 19.4508 66,250 Dominated CTC 2 1,269 19.4352 10,435 Dominated 

MRC 5 1,234 19.4678 3,034 Dominated MRC 5 1,289 19.4525 3,105 Dominated 

MRC 3 1,277 19.4535 27,714 Dominated MRC 3 1,319 19.4384 12,564 Dominated 

MRC 2 1,288 19.4508 135,000 Dominated MRC 2 1,323 19.4358 19,615 Dominated 

MRC 4 1,300 19.4614 10,526 Dominated MRC 4 1,334 19.4471 6,848 Dominated 

  ________________________________Treatment costs________________________________ 

  Treatment costs -25%   Treatment costs + 25% 

Colonoscopy 3 933 19.4416 Reference Reference Colonoscopy 3 1,472 19.4416 Reference Reference 

CTC 5 924 19.4594 Dominant Dominant CTC 5 1,389 19.4594 Dominant Dominant 

CTC 3 962 19.4449 8,788 Dominated CTC 4 1,489 19.4531 1,478 Dominated 

CTC 4 969 19.4531 3,130 Dominated MRC 5 1,499 19.4597 1,492 366,667* 

CTC 2 970 19.4421 74,000 Dominated CTC 3 1,506 19.4449 10,303 Dominated 

MRC 2 1,026 19.4425 103,333 Dominated CTC 2 1,536 19.4421 128,000 Dominated 

MRC 3 1,031 19.4450 28,824 Dominated MRC 3 1,577 19.4450 30,882 Dominated 

MRC 5 1,033 19.4597 5,525 363,333* MRC 4 1,583 19.4533 9,487 Dominated 

MRC 4 1,062 19.4533 11,026 Dominated MRC 2 1,593 19.4425 134,444 Dominated 

  ________________________________Treatment costs________________________________ 

  Treatment costs -50%  Treatment costs + 50% 

Colonoscopy 3 663 19.4416 Reference Reference Colonoscopy 3 1,742 19.4416 Reference Reference 

CTC 3 670 19.4449 2,121 2,121 CTC 5 1,622 19.4594 Dominant Dominant 

CTC 2 686 19.4421 46,000 Dominated MRC 5 1,731 19.4597 Dominant 363,333* 

CTC 5 692 19.4594 1,629 1,517* CTC 4 1,749 19.4531 609 Dominated 

CTC 4 709 19.4531 4,000 Dominated CTC 3 1,779 19.4449 11,212 Dominated 

MRC 2 742 19.4425 87,778 Dominated CTC 2 1,820 19.4421 156,000 Dominated 
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MRC 3 759 19.4450 28,235 Dominated MRC 4 1,843 19.4533 8,632 Dominated 

MRC 5 800 19.4597 7,569 360,000* MRC 3 1,849 19.4450 31,471 Dominated 

MRC 4 802 19.4533 11,880 Dominated MRC 2 1,877 19.4425 150,000 Dominated 

  __________Positivity rate of imaging techniques for small and large adenomas__________ 

  Positivity rate -5%  Positivity rate + 5% 

Colonoscopy 3 1,202 19.4416 Reference Reference Colonoscopy 3 1,202 19.4416 Reference Reference 

CTC 5 1,171 19.4578 Dominant Dominant CTC 5 1,146 19.4604 Dominant Dominant 

CTC 4 1,239 19.4521 3,524 Dominated CTC 4 1,216 19.4549 1,053 Dominated 

CTC 3 1,245 19.4437 20,476 Dominated CTC 3 1,223 19.4459 4,884 Dominated 

CTC 2 1,263 19.4412 Dominated Dominated CTC 2 1,244 19.4435 22,105 Dominated 

MRC 5 1,280 19.4576 4,875 Dominated MRC 5 1,254 19.4600 2,826 Dominated 

MRC 3 1,314 19.4441 44,800 Dominated MRC 3 1,295 19.4456 23,250 Dominated 

MRC 2 1,319 19.4411 Dominated Dominated MRC 2 1,301 19.4429 76,154 Dominated 

MRC 4 1,335 19.4516 13,300 Dominated MRC 4 1,310 19.4542 8,571 Dominated 

  ___________Positivity rate of imaging techniques in healthy individuals___________ 

  Positivity rate -5%  Positivity rate + 5% 

Colonoscopy 3 1,202 19.4416 Reference Reference Colonoscopy 3 1,202 19.4416 Reference Reference 

CTC 5 1,155 19.4596 Dominant Dominant CTC 5 1,160 19.4583 Dominant Dominant 

CTC 4 1,227 19.4540 2,016 Dominated CTC 4 1,229 19.4526 2,455 Dominated 

CTC 3 1,232 19.4454 7,895 Dominated CTC 3 1,236 19.4443 12,593 Dominated 

CTC 2 1,252 19.4425 55,556 Dominated CTC 2 1,256 19.4415 Dominated Dominated 

MRC 5 1,263 19.4598 3,352 540,000* MRC 5 1,270 19.4591 3,886 137,500* 

MRC 3 1,302 19.4453 27,027 Dominated MRC 3 1,306 19.4448 32,500 Dominated 

MRC 2 1,307 19.4428 87,500 Dominated MRC 2 1,311 19.4420 272,500 Dominated 

MRC 4 1,321 19.4540 9,597 Dominated MRC 4 1,325 19.4526 11,182 Dominated 

  __________________________Costs of imaging test__________________________ 

  Costs -50 Euro  Costs +50 Euro 

Colonoscopy 3 1,202 19.4416 Reference Reference Colonoscopy 3 1,202 19.4416 Reference Reference 

CTC 5 1,111 19.4594 Dominant Dominant CTC 5 1,203 19.4594 56 56 

CTC 4 1,190 19.4531 Dominant Dominated CTC 3 1,263 19.4449 18,485 Dominated 

CTC 3 1,205 19.4449 909 Dominated CTC 4 1,268 19.4531 5,739 Dominated 

MRC 5 1,220 19.4597 994 363,333* CTC 2 1,276 19.4421 148,000 Dominated 

CTC 2 1,230 19.4421 56,000 Dominated MRC 5 1,311 19.4597 6,022 360,000* 

MRC 2 1,230 19.4425 31,111 Dominated MRC 2 1,333 19.4425 145,556 Dominated 

MRC 3 1,275 19.4450 21,471 Dominated MRC 3 1,333 19.4450 38,529 Dominated 



Chapter 5 – Potential of imaging techniques for CRC screening 

 

103 
 

MRC 4 1,284 19.4533 7,009 Dominated MRC 4 1,362 19.4533 13,675 Dominated 

  __________________Costs of complications due to imaging___________________ 

  Costs set at € 500  Costs set at € 1,000 

Colonoscopy 3 1,202 19.4416 Reference Reference Colonoscopy 3 1,202 19.4416 Reference Reference 

CTC 4 1,129 19.4531 Dominant Dominant CTC 5 1,157 19.4594 Dominant Dominant 

CTC 5 1,156 19.4594 Dominant 4,286* CTC 4 1,229 19.4531 2,348 Dominated 

CTC 3 1,234 19.4449 9,697 Dominated CTC 3 1,234 19.4449 9,697 Dominated 

CTC 2 1,253 19.4421 102,000 Dominated CTC 2 1,253 19.4421 102,000 Dominated 

MRC 5 1,265 19.4597 3,481 363,333* MRC 5 1,265 19.4597 3,481 360,000* 

MRC 3 1,304 19.4450 30,000 Dominated MRC 3 1,304 19.4450 30,000 Dominated 

MRC 2 1,309 19.4425 118,889 Dominated MRC 2 1,310 19.4425 120,000 Dominated 

MRC 4 1,322 19.4533 10,256 Dominated MRC 4 1,322 19.4533 10,256 Dominated 

CTC, computed tomographic colonography; ICER, incremental cost-effectiveness ratio; LY, life-years; MRC, magnetic resonance colonography.  

ICERs in bold indicate strategies that are cost-effective compared to three rounds of colonoscopy screening according to a cost-effectiveness threshold of €35,916/LYG. 

 

* ICER compared to the nearest cheaper imaging strategy. 
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