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ABSTRACT* 

 

OBJECTIVE 

Both population-based screening and post-polypectomy surveillance aim to prevent colorectal 

cancer (CRC) mortality. While the former has been proven to be effective, for the latter this is much 

less clear. This study evaluated the additional benefit of surveillance in a screening setting. 

 

DESIGN 

Using the ASCCA model, we simulated biennial faecal immunochemical test (FIT) screening combined 

with colonoscopy surveillance according to the Dutch guideline. The comparator was neither 

screening nor surveillance. Furthermore, we simulated FIT-screening without colonoscopy 

surveillance, in which individuals considered at increased risk for metachronous lesions after 

diagnostic colonoscopy immediately return to screening. We also assessed the impact of prolonging 

surveillance intervals. Outcomes were CRC burden, colonoscopy demand, life-years and costs. 

 

Results 

FIT-screening without surveillance reduced CRC mortality by 50.4% compared to  no screening and 

no surveillance. When surveillance was added to FIT-screening, mortality reduction increased slightly 

to 52.1% (1.7% increase) while colonoscopy demand increased considerably from 335 to 543 

colonoscopies (62% increase) in the lifetime of 1,000 individuals. Prolonging surveillance intervals to 

five years somewhat lowered the effectiveness of a combined programme (mortality reduction 

51.8%) but markedly reduced colonoscopy demand (478 colonoscopies). Adding surveillance to FIT-

screening was not cost-effective due to high surveillance costs. 

 

Conclusion 

Our results indicate that adding surveillance to FIT-screening decreases CRC burden slightly but is not 

cost-effective compared to screening without surveillance. Moreover, the colonoscopy demand of 

screening plus surveillance is substantial. This demand can be considerably reduced, without 

substantial loss of effectiveness, if surveillance intervals are prolonged to five years. 

 

 

 

 

 

 

 

 

 

 

 

 

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

Colorectal cancer (CRC) poses a significant health burden throughout the world.1 In order to 
reduce this burden, several countries have implemented a CRC screening programme, often in 
addition to an already existing colonoscopy surveillance programme. While there is robust evidence 
that screening considerably reduces CRC mortality,2-4 the impact of surveillance on reducing CRC-
related death is less clear.  

Observational studies have shown that individuals who underwent polypectomy have an 
increased risk of developing CRC compared to the general population.5,6 Standardized incidence 
ratios of 1.26 and 1.40 for this increased CRC risk have been reported.7,8 This suggests that 
surveillance is justified in this subgroup of individuals. Nevertheless, the effectiveness of surveillance 
in a screening setting has not been assessed so far. Despite the lack of evidence, surveillance for 
those with lesions at diagnostic colonoscopy is recommended in countries with a CRC screening 
programme.  

As earlier research shows that future CRC risk is associated with the findings at diagnostic 
colonoscopy,5,6 current surveillance guidelines provide risk-based recommendations for the 
surveillance interval.9-12 A meta-analysis reported that adenoma size and number are strong 
predictors for developing advanced neoplasia after polypectomy. Also adenoma location and 
presence of villous characteristics are associated with an increased risk.5 

In the absence of convincing evidence for the benefit of surveillance in a screening setting, 
the consideration of an optimal surveillance interval in individuals at different levels of CRC risk is 
highly challenging. This is reflected by the considerable variation in recommendations in surveillance 
guidelines.9-12 The National Polyp Study is the only published trial so far comparing different 
surveillance intervals.13 This study included individuals referred for diagnostic colonoscopy and 
randomly assigned those with adenomas to either surveillance colonoscopy after 1 and 3 years or 
after 3 years only. Since surveillance was offered in both arms, it was not possible to estimate the 
effectiveness of surveillance compared to no surveillance. At the first surveillance colonoscopy, i.e. 
after 1 year in the two-examinations group and after 3 years in the one-examination group, the 
percentage of individuals with (advanced) adenomas was comparable in both groups. Based on these 
findings, the authors suggest that the surveillance interval can be at least 3 years.  

Ideally, the surveillance interval is as long as possible while still considered safe. Recently, the 
European Polyp Surveillance trial has started which aims to determine the optimal surveillance 
strategy by randomizing individuals to different surveillance intervals based on the findings during 
diagnostic colonoscopy.14 Although the results of this trial are likely to increase our understanding of 
optimal surveillance strategies, data collection will end no earlier than 2028.    

Given the fact that prospective data on surveillance are limited and will remain so for quite 

some time, we addressed the following questions by mathematical modelling; 1) What is the 

additional benefit of colonoscopy surveillance in terms of CRC incidence and mortality reduction 

once a population-based FIT-screening programme is in place, 2) What is the colonoscopy demand 

and the proportion of negative colonoscopies of screening plus surveillance and how does this relate 

to that of screening without colonoscopy surveillance and 3) How do changes in surveillance intervals 

impact on the benefit, colonoscopy demand and proportion of negative colonoscopies of 

surveillance. All analyses were conducted with the Adenoma and Serrated pathway to Colorectal 

CAncer (ASCCA) model. 

 

METHODS 

The ASCCA model 

The ASCCA model, which is extensively described elsewhere,15 simulates individual life 
trajectories from age 20 to age 90 or death, whichever comes first. During his life, an individual is at 
risk of developing colorectal lesions. The model includes two types of colorectal lesions, namely 
adenomas and serrated lesions. Regarding serrated lesions, we distinguished between hyperplastic 
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polyps (HPs) and sessile-serrated adenomas (SSAs) and assumed that these lesions arise 
independently. An individual can develop up to ten adenomas and ten serrated lesions. 

When a colorectal lesion arises, it is assigned certain characteristics such as location, 
morphology, dysplasia and histology. The development of each lesion in terms of growth in size and 
malignant characteristics is modelled independently. When a lesion has either progressed to 
advanced adenoma or arises as a SSA, it can develop into CRC. We assumed that 85% of CRCs 
develops from adenomas (adenoma-carcinoma pathway) whereas 15% of CRCs develops from 
serrated lesions (serrated pathway).16-22 

Each year, a tumour may be detected or may progress to a more advanced stage. Four stages 

for both asymptomatic and symptomatic CRC are included. The natural history model satisfactorily 

reproduces Dutch age- and sex-specific colorectal lesion prevalence rates23 as well as Dutch CRC 

incidence and mortality rates in the absence of screening.24 The model is supplemented with a 

flexible screening and surveillance component that can be set up to evaluate a range of screening 

and surveillance strategies. 

 

Simulated strategies 

 Six strategies were simulated; 
1) Reference strategy of neither screening nor surveillance. 
2) Biennial FIT-screening without colonoscopy surveillance. 
3) Biennial FIT-screening plus colonoscopy surveillance based on the Dutch surveillance     
    guideline. 
4) Biennial FIT-screening plus colonoscopy surveillance in which the surveillance intervals as  
    recommended in the Dutch guideline were prolonged to either:  

a) Five years for all individuals at increased risk. 
b) Five and ten years for respectively high- and intermediate risk individuals. 
c) Ten years for all individuals at increased risk. 

 

No screening and no surveillance 

 In this strategy, individuals do not undergo screening nor surveillance. When an individual 

develops CRC, it may be symptomatically detected after which treatment follows.    

 

Screening 

Screening was modelled according to the Dutch biennial invitational faecal immunochemical 
test (FIT) -based screening programme for individuals aged 55-75. We assumed an overall screening 
participation rate of 72.6% (National monitor of the Dutch CRC screening programme, unpublished). 
We allocated individuals in the model to a high, intermediate and low screening participation group 
because some individuals are more likely to participate than others.25,26 Based on a previously 
described calibration procedure, we determined the percentage of individuals in each participation 
group and assigned a screening participation rate of 95%, 70% and 5% to respectively the high, 
intermediate and low participation group.27 Calibration targets were derived from a Dutch trial 
evaluating participation over three FIT-screening rounds.25 

Individuals with a positive FIT test are referred for diagnostic colonoscopy. Both the FIT as 

well as the diagnostic colonoscopy in FIT-positive individuals are considered part of the screening. 

During colonoscopy, all detected lesions are removed by polypectomy, with the exception of small 

HPs located in the rectosigmoid.9 We assumed that 92% of FIT-positive individuals undergo this 

procedure (National monitor of the Dutch CRC screening programme, unpublished). In the FIT-

screening without colonoscopy surveillance strategy, all individuals considered at low risk for 

metachronous lesions after diagnostic colonoscopy return to screening in ten years. Individuals 
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considered at intermediate or high risk for metachronous lesions return to the screening programme 

immediately after polypectomy. Thus, these individuals will be re-invited for FIT two years later. In 

the screening plus surveillance strategies, low-risk individuals also return to screening in ten years 

whereas individuals who are considered at intermediate or high risk enter the colonoscopy 

surveillance programme.   

 

Surveillance  

In the Dutch surveillance guideline, a risk score is calculated which is based on the number of 
colorectal lesions as well as the presence of large colorectal lesions, adenomas with villous 
components and proximal adenomas detected during colonoscopy.9 Appendix A explains the 
calculation of this risk score in more detail. Individuals with a risk score of zero at diagnostic 
colonoscopy are referred back to screening after ten years. Individuals considered at intermediate 
risk are assigned a surveillance interval of five years whereas this interval is three years for high-risk 
individuals.  

In addition to a screening plus surveillance strategy according to the Dutch surveillance 
guideline, we simulated three strategies differing from this guideline with respect to the length of the 
surveillance intervals. Firstly, we set the surveillance interval for both the intermediate and high-risk 
group at five years. Secondly, we extended the surveillance interval for the intermediate risk group 
to ten years and for the high-risk group to five years. Finally, we set the surveillance interval for the 
intermediate and high-risk group at ten years. 

In all surveillance strategies, we assumed a 92% participation rate for surveillance 

colonoscopy, i.e. equal to the participation rate of diagnostic colonoscopy. Furthermore, we assumed 

surveillance stopped at age 75 in all individuals. 

 

CRC risk in surveillance population 

The benefit of surveillance in addition to screening depends on the extent to which adenoma 

and CRC risk are increased in the surveillance population compared to the screening population. To 

allow appropriate judgement of the results of our model-based analyses, we first obtained adenoma 

prevalence and CRC incidence curves for both the general population and a surveillance population. 

For this purpose, we tracked the characteristics of individuals considered at intermediate or high risk 

after diagnostic colonoscopy. Subsequently, we set up the model to simulate a cohort consisting of 

10,000,000 individuals with these characteristics who do not undergo screening nor surveillance. 

Outcomes were age-specific adenoma prevalence and CRC incidence. 

 

Test characteristics and costs 

Table 1 provides an overview of test characteristics and costs related to screening, 

surveillance and treatment. Lesion-specific test characteristics for FIT were obtained from a Dutch 

FIT-screening trial28 following a previously reported calibration procedure.15 Polyp detection rates for 

colonoscopy were derived from a systematic review on adenoma miss rates.29 Since detection rates 

for serrated lesions are not reported but are likely to be lower than the detection rate of 

adenomas,30,31 we assigned a 10% lower detection rate to serrated lesions compared to adenomas. 

Furthermore, we assumed a small risk of complications due to colonoscopy.32 Costs were determined 

from a health care perspective and converted to 2016 Euros using the consumer price index of that 

year.33 
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Table 1. Test characteristics and costs. 

Variable Value Reference 

FIT positivity rate per lesion 

   Healthy 

   Diminutive adenoma 

   Small adenoma 

   Large adenoma 

   Small serrated lesion 

   Large serrated lesion 

   Early stage CRC 

   Late stage CRC 

Men 

0.96
a 

0.004 

0.12 

0.30 

0.004 

0.004 

0.50 

0.85 

Women 

0.97
a 

0.0003 

0.10 

0.28 

0.003 

0.003 

0.50 

0.85 

28 

Colonoscopy detection rates 

   Diminutive adenoma 

   Small adenoma 

   Large adenoma 

   Small serrated lesion 

   Large serrated lesion 

 

0.74 

0.87 

0.98 

0.70 

0.12 

29 

FIT costs 

   Testkit
b 

   Organisation
b 

   Analysis
b 

 

€ 1.38 

€ 15.10 

€ 4.84 

34 

 

Colonoscopy costs 

   Without polypectomy
c 

   With polypectomy
c 

   Complications after colonoscopy (2.8 per 1,000)
d 

 

€ 729.26 

€ 943.24 

€ 1,386.51 

32,35-38 

CRC treatment costs 

   Stage I 

   Stage II 

   Stage III 

   Stage IV 

 

€ 26,585 

€ 41,735 

€ 54,815 

€ 40,980 

39 

 

FIT, faecal immunochemical test.  
 

a 
Specificity per person.  

b 
Costs per invitee. 

c 
Costs per participant. 

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

36,38
  

 

All costs are presented in 2016 Euros.  

 

Analyses 

 We simulated a cohort consisting of 20,000,000 individuals. Results of each strategy included 
the number of CRC cases and deaths, the number of (negative) colonoscopies, life-years (LY) lived 
and total lifetime costs. Costs and effects were discounted at 3%.40 

We compared the outcomes of the screening without surveillance strategy and the screening 

plus surveillance strategies with the no screening and no surveillance strategy by calculating CRC 

incidence and mortality reductions as well as the incremental cost-effectiveness ratio (ICER), which is 

the difference in costs divided by the difference in LY. Strategies were also compared in an 

incremental analysis. In this analysis, strategies were ordered based on increasing costs. Dominated 

strategies, i.e. strategies that lead to less LY at higher or equal costs, were excluded from the 

analysis. Then, ICERs between subsequent non-dominated strategies were calculated. A strategy was 

considered cost-effective when the ICER was below the Dutch GDP per capita in 2013, i.e. 

€35,916/life-year gained (LYG).33,41 
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Sensitivity analyses 

 We repeated all analyses assuming two alternative screening without surveillance strategies 
namely 1) FIT-based screening in which all individuals immediately return to the screening 
programme after two years, both after a negative diagnostic colonoscopy as well as after removal of 
colorectal lesions and 2) three rounds of colonoscopy screening at age 55, 65 and 75 with a 
participation rate of 22%23 in which all individuals who underwent diagnostic colonoscopy return to 
the screening programme in ten years. Subsequently, we assessed the impact of the following 
changes on model predictions in one-way sensitivity analyses: 1) increasing and decreasing the 
participation rate of surveillance by 5% (absolute change), 2) increasing and decreasing the detection 
rate of colonoscopy by 5% and 10% (absolute change) for all lesions and 3) halving and doubling 
colonoscopy costs. 
 Furthermore, we changed the incidence rate of colorectal lesions. This alters the colorectal 

lesion prevalence in the general population as well as the probability of developing new colorectal 

lesions after polypectomy in the surveillance population. We doubled and halved incidence rates 

resulting in a roughly 10% increase and decrease, respectively, of colorectal lesion prevalence rates. 

 

RESULTS  

CRC risk in surveillance population 

Figure 1 shows the age-specific adenoma prevalence and CRC incidence for the general 

population and a surveillance population. Note that these curves depict background risks in the 

respective populations when the individuals are not screened nor undergo surveillance. Model-

predicted CRC risk is markedly higher in a surveillance population than in the general population; at 

age 55-75, this background risk is almost twofold.   

 

Effectiveness  

  Table 2 shows CRC burden for all strategies. In the no screening and no surveillance strategy, 
68.8 cases and 28.2 deaths in the lifetime of a cohort of 1,000 average-risk individuals were 
predicted. FIT-screening without surveillance led to a 33.3% reduction in CRC incidence and a 50.4% 
reduction in CRC mortality compared to no screening and no surveillance.  
 When colonoscopy surveillance based on the Dutch guideline was added to FIT-screening, 

CRC incidence reduction increased from 33.3% to 36.2% whereas mortality reduction increased from 

50.4% to 52.1% (Figure 2). Prolonging the surveillance intervals somewhat decreased the 

effectiveness of surveillance but all screening plus surveillance strategies were still slightly more 

effective than screening without surveillance.  

 

Colonoscopy demand 

The screening without surveillance strategy required 335 colonoscopies in the lifetime of 

1,000 average-risk individuals (Table 2). The Dutch guideline strategy required markedly more 

colonoscopies, i.e. 543. This decreased to 478 colonoscopies when all intervals were set at five years 

and to 376 when all intervals were set at ten years. 

In screening without surveillance, all procedures are diagnostic colonoscopies whereas in 

screening plus surveillance distinction can be made between diagnostic and surveillance 

colonoscopies. The screening plus surveillance strategies required less diagnostic colonoscopies 

compared to the screening without surveillance strategy, i.e. 305/1,000 individuals, because 

individuals remain in surveillance instead of returning back to screening. At the first screening round 
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A.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
B.  
 

 

 

 

 

 

 

 

 

Figure 1. Age-specific adenoma prevalence (A) and CRC incidence (B) in the general population and in a surveillance 

population, assuming no screening and no surveillance.  

 

at age 55, 40% of FIT-positive individuals who undergo diagnostic colonoscopy are considered at 
intermediate or high risk and are referred for surveillance colonoscopy. The number of surveillance 
colonoscopies varied considerably between surveillance strategies. In the Dutch guideline strategy, 
238 surveillance colonoscopies per 1,000 individuals were required. As expected, the demand 
increased when the surveillance interval was prolonged. The demand was lowest in the strategy in 
which all intervals were set at ten years, i.e. 71/1,000 individuals. 
 Besides colonoscopy demand, we also assessed for each strategy the proportion of negative 

colonoscopies, that is, colonoscopies in which no colorectal lesions are found. The proportion of 

negative diagnostic colonoscopies in the screening plus surveillance strategies was comparable to 

screening without surveillance, i.e. 33%. However, the proportion of negative surveillance 

colonoscopies varied considerably. In the Dutch guideline strategy, 43% of surveillance colonoscopies 

were negative. This decreased when the surveillance intervals were prolonged. In the strategy in 

which all intervals were set at ten years, 28% of surveillance colonoscopies were negative.  
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Figure 2. Reductions in CRC incidence and mortality due to surveillance. The bars indicate the reduction in CRC incidence 

(black) and mortality (grey) compared to the no screening and no surveillance strategy. The horizontal lines indicate the 

reduction in CRC incidence (black) and mortality (grey) of the screening without surveillance strategy compared to the no 

screening and no surveillance strategy. The part of the bars above the lines indicates the increased benefit of surveillance 

for incidence (black) and mortality (grey) compared to the screening without surveillance strategy.  

 

Cost-effectiveness  

 Table 3 shows the results of the cost-effectiveness analysis. The screening without 

surveillance strategy led to 0.0581 LYG and cost-savings of €260 per individual compared to no 

screening and no surveillance. Figures were 0.0590 and €193 for the screening plus surveillance 

strategy according to the Dutch surveillance guideline. Prolonging the surveillance interval led to 

slightly less LYG, i.e. 0.0580-0.0587 LYG, but higher cost-savings, i.e. €218-€253 per individual. Thus, 

the screening without surveillance strategy as well as all screening plus surveillance strategies were 

both more effective and less costly than no screening and no surveillance. In the incremental 

analysis, the screening without surveillance strategy dominated no screening and no surveillance. 

The screening plus surveillance strategies were not cost-effective compared to screening without 

surveillance since the ICERs were above the threshold of €35,916/LYG. These ICERs were mainly 

driven by high surveillance costs.   
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Table 2. Effectiveness and burden of screening and surveillance.   

Strategy 

 _____________________________In the lifetime of a cohort of 1,000 average-risk individuals_____________________________ 

CRC 

cases 

CRC 

deaths 

Deaths due to 

colonoscopy 

Total number 

of 

colonoscopies 

Proportion of 

negative 

colonoscopies 

Number of 

diagnostic 

colonoscopies 

Proportion of 

negative diagnostic 

colonoscopies 

Number of 

surveillance 

colonoscopies 

Proportion of 

negative surveillance 

colonoscopies 

No screening and no surveillance 68.8 28.2 NA NA NA NA NA NA NA 

Screening without surveillance 45.9 14.0 0.03 335 32% 335 32% NA NA 

Screening plus surveillance:  

   As in Dutch guideline 43.9 13.5 0.05 543 37% 305 33% 238 43% 

   In which all intervals are set at 5 years 44.2 13.6 0.05 478 35% 305 33% 173 39% 

   In which intervals are set at 5 and 10 years 44.7 13.7 0.04 422 33% 305 33% 117 32% 

   In which all intervals are set at 10 years 45.2 13.9 0.04 376 32% 305 33% 71 28% 

CRC, colorectal cancer; NA, not applicable. 
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Sensitivity analyses  

 Table 4 shows the results of the sensitivity analysis evaluating two alternative screening 

without surveillance strategies. FIT-screening without surveillance in which all individuals who 

underwent diagnostic colonoscopy return to the screening programme after two years dominated all 

screening plus surveillance strategies as well as the colonoscopy screening without surveillance 

strategy. Colonoscopy demand was lowest in the FIT-based screening without surveillance strategy 

and highest in the colonoscopy-based screening without surveillance strategy. Appendix B shows the 

results of the sensitivity analyses concerning participation rate of surveillance, colonoscopy detection 

rate, colonoscopy costs and adenoma incidence. Model predictions were fairly robust to changes in 

these parameters; adding surveillance to FIT-screening was cost-effective in a minority of sensitivity 

analyses. More specifically, there were cost-effective screening plus surveillance strategies when 

colonoscopy costs were halved and when the incidence of colorectal lesions was doubled.   

 

DISCUSSION 

 This study evaluated the additional benefit and colonoscopy demand of surveillance in a 

screening setting. Our model predicted that FIT-screening without colonoscopy surveillance reduced 

CRC mortality by 50.4% compared to neither screening nor surveillance. When surveillance guided by 

the Dutch guideline was added to the FIT-based screening programme, CRC mortality reduction 

increased slightly to 52.1%. Moreover, colonoscopy demand and the proportion of negative 

colonoscopies were markedly higher when surveillance was added to screening. Prolonging 

surveillance intervals slightly lowered programme effectiveness but considerably reduced 

colonoscopy demand and proportion of negative colonoscopies. Due to high surveillance costs, 

adding surveillance to FIT-screening was not cost-effective. In sensitivity analyses we found that 

when colonoscopy costs were halved or when the colorectal lesion incidence was doubled, screening 

plus surveillance became cost-effective compared to screening without surveillance.   

 The rationale of surveillance is based on the observation that CRC risk is higher in individuals 

who underwent polypectomy compared to the general population.5,6 Based on the number of 

observed and expected CRCs in a surveillance population, risk estimates of 1.26 and 1.40 are 

reported.7,8 This risk may be lowered to a level close to that of the general population by endoscopic 

follow-up.7 Also in our model, a surveillance population, i.e. a population who underwent 

polypectomy during diagnostic colonoscopy, has a higher risk of developing CRC compared to the 

general population. At age 55-75, this background risk is almost twofold, which is considerably higher 

compared to the estimates reported in the literature.7,8 The reason is that our projected background 

risk assumed no screening nor surveillance whereas individuals in the aforementioned studies 

underwent colonoscopy with polypectomy, thereby lowering CRC risk.7,8 

While post-polypectomy surveillance is widely applied, the evidence for an impact in 

reducing CRC mortality is limited, especially in a screening setting. To our knowledge, this is the first 

study that did not only compare different surveillance intervals, but also compared screening plus 

surveillance to screening without colonoscopy surveillance. Our model predictions show a small 

additional benefit of surveillance, leading to a further decrease of CRC burden. However, evidence 

regarding the optimal surveillance strategy is limited. So far, only one trial, conducted over twenty 

years ago, has compared two different surveillance strategies and concluded that the surveillance 

interval can be at least three years.13 The present modelling study suggests that the surveillance 

interval may be as long as five years for all individuals at increased risk since this is only slightly less 
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Table 3. Results of the cost-effectiveness analysis. The screening without surveillance and screening plus surveillance strategies are ordered according to increasing discounted total costs. 

When strategies have equal total costs, strategies are ordered according to decreasing LY. ICER 1 indicates the ICER of the screening without surveillance strategy and the screening plus 

surveillance strategies compared to no screening and no surveillance. ICER 2 is calculated using the nearest cheaper strategy that is not dominated as the reference. 

ICER, incremental cost-effectiveness ratio; LY, life-years; LYG, life-years gained; NA, not applicable; S+S, Screening plus surveillance. 

* Subject to extended dominance. 

Table 4. Results of the sensitivity analysis with alternative screening without surveillance strategies, i.e. FIT-screening without surveillance in which all individuals who underwent diagnostic 

colonoscopy return to the screening programme after two years and colonoscopy screening without surveillance. The screening without surveillance and screening plus surveillance strategies 

are ordered based on increasing costs. When strategies have equal total costs, strategies are ordered according to decreasing LY.  ICER 1 reflects the ICER of the screening without surveillance 

and screening plus surveillance strategies compared to no screening and no surveillance whereas ICER 2 is calculated using the nearest cheaper strategy that is not dominated as the 

reference. 

  

 

 

 

  

 

 

CRC, colorectal cancer; ICER, incremental cost-effectiveness ratio; LY, life-years; NA, not applicable. 

Strategy 

Undiscounted, per individual _____________Discounted, per individual____________ 

LYG 
Difference 

in costs 
ICER 1 ICER 2 Costs LY CRC treatment 

costs 

Screening 

costs 

Surveillance 

costs 

Total 

costs 
LY 

No screening and no surveillance  2,742 30.0821 1,436 NA NA 1,436 19.4124 Reference Reference Reference Reference 

            

Screening without surveillance 1,983 30.2197 962 214 NA 1,176 19.4705 0.0581 -260 Dominant Dominant 

S+S in which all intervals are set at 10 years 1,990 30.2195 952 197 34 1,183 19.4704 0.0580 -253 Dominant Dominated 

S+S in which intervals are set at 5 and 10 years 2,010 30.2209 943 197 58 1,198 19.4709 0.0585 -238 Dominant 55,000 

S+S in which all intervals are set at 5 years 2,037 30.2215 935 197 87 1,218 19.4711 0.0587 -218 Dominant Dominated
* 

S+S as in Dutch guideline 2,077 30.2221 928 197 118 1,243 19.4714 0.0590 -193 Dominant 90,000 

Strategy 

__________Per 1,000 individuals__________ ___Per individual___   

CRC 
cases 

CRC 
deaths 

Total number 
of 

colonoscopies 

Proportion of 
negative 

colonoscopies 

Discounted 
costs 

Discoun
ted LY 

ICER 1 ICER 2 

No screening and no surveillance 68.8 28.2 NA NA 1,436 19.4124 Reference Reference 
         
FIT-screening without surveillance (after two years back to screening) 44.9 13.3 358 33% 1,169 19.4732 Dominant Dominant 
Screening plus surveillance in which all intervals are set at 10 years 45.2 13.9 376 32% 1,183 19.4704 Dominant Dominated 
Screening plus surveillance in which intervals are set at 5 and 10 years 44.7 13.7 422 33% 1,198 19.4709 Dominant Dominated 
Screening plus surveillance in which all intervals are set at 5 years 44.2 13.6 478 35% 1,218 19.4711 Dominant Dominated 
Screening plus surveillance as in Dutch guideline 43.9 13.5 543 37% 1,243 19.4714 Dominant Dominated 
Colonoscopy screening without surveillance  53.5 20.7 559 53% 1,450 19.4390 526 Dominated 
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effective compared to the Dutch guideline strategy with intervals of three and five years for 

respectively high- and intermediate risk individuals, while substantially less invasive colonoscopies 

are needed. Assuming a fully implemented FIT-screening programme in the Netherlands,27 

prolonging all intervals to five years would decrease colonoscopy demand with around 13,000 per 

year. Furthermore, around 36 colonoscopies with complications and 1 death due to colonoscopy 

would be prevented per year. The currently ongoing European Polyp Surveillance (EPoS) trial will 

provide more definitive answers regarding the impact of such a five-yearly surveillance interval.14 

The effectiveness and colonoscopy demand of a surveillance programme is, besides the 
surveillance interval, determined by the age at which surveillance is ended. In the evaluated 
screening plus surveillance strategies, we assumed that surveillance ends at age 75 for all individuals. 
However, the risk of developing adenomas and interval carcinoma increases with age.5,6,42,43 
Therefore, the Dutch surveillance guideline recommends that the age at which surveillance is ended 
should be individualized based on the patients’ clinical condition. Since surveillance may be 
continued after age 75 in clinical practice, we could have underestimated the effectiveness and 
colonoscopy demand of surveillance.  
 The Dutch guideline does not recommend colonoscopy surveillance in individuals considered 
at low risk after diagnostic colonoscopy. That is, individuals in whom no adenomas and no large 
serrated lesions were detected, as well as individuals with only one adenoma <10 mm without villous 
characteristics and located distally, all without a family history of CRC. This low-risk group is 
substantial; in our model, 60% of individuals who undergo diagnostic colonoscopy in the first 
screening round at age 55 are considered at low risk. These individuals are re-invited for FIT-
screening after ten years. Our sensitivity analyses showed that when this interval for re-invitation 
was shortened to two years, mortality reduction increased from 50.4% to 52.8%. Since the majority 
of cancers that develop in these ten years may be the result of missed lesions at colonoscopy or 
incomplete polypectomy,44,45 this indicates the need for high quality diagnostic colonoscopies.  
 We based the detection rates for colorectal lesions on a systematic review on polyp miss 
rates published in 2006. Due to the introduction of new techniques, it may be possible that these 
figures do not reflect current detection rates. To account for this, detection rates were varied in 
sensitivity analyses. As expected, higher detection rates increased the effectiveness of the screening 
without surveillance and all screening plus surveillance strategies. 

A key assumption of this study is that positivity rates for FIT in a surveillance population are 
comparable to those in the general population. There is limited evidence regarding the performance 
of FIT in a surveillance population; Terhaar sive Droste et al. (2012)46 reported comparable miss rates 
for advanced adenomas and CRC for the respective populations.47-50 However, the cut-off point and 
type of FIT used differs between studies, hampering direct comparison. More research on the 
performance of FIT in a surveillance population is required. 

A false-positive FIT may be caused by an underlying cause, e.g. use of antiplatelet drugs, 
haemorrhoids and angiodysplasias.51,52 It is possible that in individuals with a known underlying cause 
of faecal bleeding, participation in subsequent FIT-screening rounds after a negative diagnostic 
colonoscopy may be lower. However, data on such participation patterns is lacking. We therefore 
assumed an equal participation rate after a false-positive test as in the general population. Yet in 
breast cancer screening, participation is lower in women with a false-positive outcome.53 Thus, we 
may have overestimated screening participation in individuals with a negative diagnostic 
colonoscopy. As this would apply to both the screening without surveillance and the screening plus 
surveillance strategies and we focussed on the difference between these strategies, we expect that 
this would not have a major impact on our results. 

Our study was based on the Dutch surveillance guideline, and modifications thereof. We did 
not include screening plus surveillance strategies based on other surveillance guidelines because we 
aimed to assess the additional benefit of surveillance instead of providing a comparison of 
surveillance guidelines. However, the Dutch surveillance guideline does not differ substantially from 
the European guideline.54 Therefore, we believe that our model predictions will also be applicable to 
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other surveillance settings. Furthermore, a limited number of surveillance strategies were evaluated 
since we did not aim to determine the optimal surveillance strategy. Thus, it cannot be excluded that 
other colonoscopy surveillance strategies exist that would be cost-effective alternatives to screening 
without surveillance.  
 This work increases our understanding regarding the potential impact of surveillance. 
Nevertheless, it is clear that there is still much uncertainty regarding surveillance. Recently, the EPoS 
trial has started which randomizes individuals to different surveillance intervals based on the findings 
during diagnostic colonoscopy.14 The results of this trial will provide more insight into the optimal 
surveillance strategy. Nevertheless, it evaluates a limited number of colonoscopy surveillance 
strategies. As the evaluation of alternative surveillance strategies in additional clinical studies may 
not be realistic due to, for example, sample size considerations, the EPoS study data may instead be 
used to update and further detail existing CRC models. This will enable extrapolation of trial results 
to alternative surveillance strategies.  
In conclusion, the present study indicates that adding surveillance to FIT-screening decreases CRC 

burden slightly but is not cost-effective compared to screening without surveillance. Moreover, 

colonoscopy demand of screening plus surveillance is considerably higher than for screening without 

surveillance. This demand can be considerably reduced, without substantial loss of effectiveness, if 

surveillance intervals are prolonged to five years. 
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APPENDIX  

A. Overview of the Dutch surveillance guideline 

The Dutch guideline recommends that all colonic lesions are removed by polypectomy during 

colonoscopy, with the exception of hyperplastic polyps (HPs) located in the rectosigmoid.9 

Subsequently, the surveillance interval is determined using a risk score. This risk score is calculated 

based on the findings during colonoscopy, using the scoring system of Table A.1. Individuals who 

score zero points during diagnostic colonoscopy are referred back to screening after ten years. For 

individuals who score zero points during a surveillance colonoscopy, the recommend surveillance 

interval is five years. If the risk score equals one or two points, the surveillance interval is five year 

whereas this is shortened to three years if the risk score equals three or more points.  

Surveillance is ceased when an individual has two subsequent negative surveillance colonoscopies 

and never scored three points or more. Moreover, surveillance is also ceased when an individual 

reaches the age of 75 years.    

 
Table A.1. Scoring system of the Dutch guideline.  

Variable Points 

Number of adenomas  

   0 - 1 0 

   2 - 4 1 

   ≥ 5 2 

Presence of at least one large adenoma  

   No 0 

   Yes 1 

Presence of at least one large serrated lesion  

   No 0 

   Yes 1 

Presence of at least one adenoma with villous architecture  

   No 0 

   Yes 1 

Presence of at least one proximal adenoma  

   No 0 

   Yes 1 

Sum score  
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B. Results of one-way sensitivity analyses.  

 

Table B1. CRC burden and colonoscopy demand per 1,000 individuals.  

Strategy 
CRC 

cases 

CRC 

deaths 

Number of 

colonoscopies 

Proportion of 

negative 

colonoscopies 

CRC 

cases 

CRC 

deaths 

Number of 

colonoscopies 

Proportion of 

negative 

colonoscopies 

 Participation rate surveillance -5% Participation rate surveillance +5% 

No screening and no surveillance 68.8 28.2 NA NA 68.8 28.2 NA NA 

Screening without surveillance 45.9 14.0 335 32% 45.9 14.0 335 32% 

Screening plus surveillance:          

As in Dutch guideline 43.9 13.5 529 37% 43.9 13.4 556 38% 

In which all intervals are set at 5 years 44.3 13.6 469 35% 44.1 13.5 488 35% 

In which intervals are set at 5 and 10 years 44.8 13.8 416 33% 44.6 13.7 429 33% 

In which all intervals are set at 10 years 45.3 13.9 372 32% 45.1 13.8 379 32% 

 Detection rate colonoscopy -5% Detection rate colonoscopy +5% 

No screening and no surveillance 68.8 28.2 NA NA 68.8 28.2 NA NA 

Screening without surveillance 46.9 14.5 338 33% 45.1 13.7 334 31% 

Screening plus surveillance:          

As in Dutch guideline 44.9 14.0 534 38% 43.3 13.3 548 37% 

In which all intervals are set at 5 years 45.1 14.1 473 36% 43.4 13.3 482 34% 

In which intervals are set at 5 and 10 years 45.8 14.3 418 34% 43.9 13.5 425 32% 

In which all intervals are set at 10 years 46.4 14.5 374 33% 44.3 13.6 377 31% 

 Detection rate colonoscopy -10% Detection rate colonoscopy +10% 

No screening and no surveillance 68.8 28.2 NA NA 68.8 28.2 NA NA 

Screening without surveillance 47.9 15.1 340 35% 45.1 13.7 334 31% 

Screening plus surveillance:          

As in Dutch guideline 45.8 14.5 524 39% 43.3 13.3 548 37% 

In which all intervals are set at 5 years 46.2 14.6 468 37% 43.4 13.3 482 34% 

In which intervals are set at 5 and 10 years 47.0 14.9 413 35% 43.9 13.5 425 32% 

In which all intervals are set at 10 years 47.6 15.2 372 35% 44.3 13.6 377 31% 

 Halving costs of colonoscopy Doubling costs of colonoscopy 

No screening and no surveillance 68.8 28.2 NA NA 68.8 28.2 NA NA 

Screening without surveillance 45.9 14.0 335 32% 45.9 14.0 335 32% 

Screening plus surveillance:          

As in Dutch guideline 43.9 13.5 543 37% 43.9 13.5 543 37% 

In which all intervals are set at 5 years 44.2 13.6 478 35% 44.2 13.6 478 35% 

In which intervals are set at 5 and 10 years 44.7 13.7 422 33% 44.7 13.7 422 33% 

In which all intervals are set at 10 years 45.2 13.9 376 32% 45.2 13.9 376 32% 

 Halving colorectal lesion incidence Doubling colorectal lesion incidence 

No screening and no surveillance 37.8 15.2 NA NA 118.1 49.3 NA NA 

Screening without surveillance 25.6 7.7 279 49% 77.8 24.2 417 18% 

Screening plus surveillance:          

As in Dutch guideline 25.0 7.5 388 53% 73.2 23.0 774 24% 

In which all intervals are set at 5 years 25.0 7.5 361 51% 73.9 23.1 644 22% 

In which intervals are set at 5 and 10 years 25.2 7.6 325 50% 74.9 23.5 569 19% 

In which all intervals are set at 10 years 25.4 7.7 305 49% 76.5 24.0 473 19% 

CRC, colorectal cancer; ICER, incremental cost-effectiveness ratio; LY, life-years; NA, not applicable. 
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Table B2. Results of the cost-effectiveness analysis. The screening without surveillance and screening plus surveillance strategies are ordered according to 

increasing discounted total costs. When strategies have equal total costs, strategies are ordered according to decreasing LY. ICER 1 indicates the ICER of the 

screening without surveillance strategy and the screening plus surveillance strategies compared to no screening and no surveillance. ICER 2 is calculated 

using the nearest cheaper strategy that is not dominated as the reference. 

Strategy 
Discounted 

costs 

Discounted 

LY 
ICER 1 ICER 2 Strategy 

Discounted 

costs 

Discounted 

LY 
ICER 1 ICER 2 

 Participation rate surveillance -5%  Participation rate surveillance +5% 

No screening and no surveillance 1,436 19.4124 Reference Reference No screening and no surveillance 1,436 19.4124 Reference Reference 

Screening without surveillance 1,176 19.4705 Dominant Dominant Screening without surveillance 1,176 19.4705 Dominant Dominant 

S+S in which all intervals are set at 10 years 1,183 19.4704 Dominant Dominated S+S in which all intervals are set at 10 years 1,184 19.4705 Dominant Dominated 

S+S in which intervals are set at 5 and 10 years 1,198 19.4704 Dominant Dominated S+S in which intervals are set at 5 and 10 years 1,200 19.4709 Dominant 60,000 

S+S in which all intervals are set at 5 years 1,214 19.4715 Dominant 38,000 S+S in which all intervals are set at 5 years 1,221 19.4710 Dominant Dominated
* 

S+S as in Dutch guideline 1,239 19.4714 Dominant Dominated S+S as in Dutch guideline 1,250 19.4716 Dominant 71,429 

 Detection rate colonoscopy -5%  Detection rate colonoscopy +5% 

No screening and no surveillance 1,436 19.4124 Reference Reference No screening and no surveillance 1,436 19.4124 Reference Reference 

Screening without surveillance 1,197 19.4681 Dominant Dominant Screening without surveillance 1,160 19.4716 Dominant Dominant 

S+S in which all intervals are set at 10 years 1,205 19.4678 Dominant Dominated S+S in which all intervals are set at 10 years 1,168 19.4713 Dominant Dominated 

S+S in which intervals are set at 5 and 10 years 1,218 19.4682 Dominant Dominated
* 

S+S in which intervals are set at 5 and 10 years 1,185 19.4715 Dominant Dominated 

S+S in which all intervals are set at 5 years 1,233 19.4689 Dominant 45,000 S+S in which all intervals are set at 5 years 1,206 19.4723 Dominant 65,714 

S+S as in Dutch guideline 1,258 19.4691 Dominant 125,000 S+S as in Dutch guideline 1,237 19.4719 Dominant Dominated 

 Detection rate colonoscopy -10%  Detection rate colonoscopy +10% 

No screening and no surveillance 1,436 19.4124 Reference Reference No screening and no surveillance 1,436 19.4124 Reference Reference 

Screening without surveillance 1,217 19.4657 Dominant Dominant Screening without surveillance 1,151 19.4716 Dominant Dominant 

S+S in which all intervals are set at 10 years 1,228 19.4651 Dominant Dominated S+S in which all intervals are set at 10 years 1,159 19.4713 Dominant
 

Dominated 

S+S in which intervals are set at 5 and 10 years 1,238 19.4657 Dominant Dominated S+S in which intervals are set at 5 and 10 years 1,176 19.4715 Dominant Dominated 

S+S in which all intervals are set at 5 years 1,252 19.4662 Dominant Dominated
* 

S+S in which all intervals are set at 5 years 1,201 19.4723 Dominant 71,429 

S+S as in Dutch guideline 1,274 19.4668 Dominant 51,818 S+S as in Dutch guideline 1,232 19.4722 Dominant Dominated 

 Halving costs of colonoscopy  Doubling costs of colonoscopy 

No screening and no surveillance 1,436 19.4124 Reference Reference No screening and no surveillance 1,436 19.4124 Reference Reference 

Screening without surveillance 1,079 19.4705 Dominant Dominant Screening without surveillance 1,273 19.4705 Dominant Dominant 

S+S in which all intervals are set at 10 years 1,077 19.4704 Dominant
 

Dominated S+S in which all intervals are set at 10 years 1,289 19.4704 Dominant Dominated 

S+S in which intervals are set at 5 and 10 years 1,080 19.4709 Dominant
 

2,500 S+S in which intervals are set at 5 and 10 years 1,316 19.4709 Dominant 107,500 

S+S in which all intervals are set at 5 years 1,086 19.4711 Dominant
 

30,000 S+S in which all intervals are set at 5 years 1,351 19.4711 Dominant Dominated
* 
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S+S as in Dutch guideline 1,095 19.4714 Dominant
 

30,000 S+S as in Dutch guideline 1,391 19.4714 Dominant
 

150,000 

 Halving colorectal lesion incidence  Doubling colorectal lesion incidence 

No screening and no surveillance 780 19.4914 Reference Reference No screening and no surveillance 2,505 19.2705 Reference Reference 

Screening without surveillance 704 19.5217 Dominant Dominant Screening without surveillance 1,928 19.3783 Dominant Dominant 

S+S in which all intervals are set at 10 years 711 19.5219 Dominant 35,000 S+S in which all intervals are set at 10 years 1,936 19.3778 Dominant Dominated 

S+S in which intervals are set at 5 and 10 years 718 19.5219 Dominant Dominated S+S in which intervals are set at 5 and 10 years 1,959 19.3797 Dominant
 

22,143 

S+S in which all intervals are set at 5 years 732 19.5221 Dominant 105,000 S+S in which all intervals are set at 5 years 1,981 19.3805 Dominant
 

27,500 

S+S as in Dutch guideline 744 19.5222 Dominant
 

120,000 S+S as in Dutch guideline 2,036 19.3807 Dominant 275,000 

CRC, colorectal cancer; ICER, incremental cost-effectiveness ratio; LY, life-years; NA, not applicable, S+S; screening plus surveillance. 
* 

Subject to extended dominance.  
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