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Demography module 

The demography module of MISCAN-Colon simulates individual life histories without 

colorectal cancer (CRC) to form a population. Using birth tables and life tables representative 

of the population under consideration, the model draws a date of birth and a date of non-CRC 

death for each simulated individual. The model restricts the maximum age a person can 

achieve to 100 years. 

Natural history module 

In the natural history module, MISCAN-Colon simulates the development of CRC in the 

population. It was assumed that all CRCs are preceded by adenomas. As each simulated 

individual ages, one or more adenomas may develop (Figure 2). These adenomas can be 

either progressive or non-progressive and both can grow in size from small (≤5 mm), to 

medium (6–9 mm), to large (≥10 mm). Only progressive adenomas can develop into preclinical 

cancer and these may progress through stages I to IV. In every stage there is a chance of the 

cancer being diagnosed because of symptoms. After clinical diagnosis, CRC survival is 

simulated using age-, stage-, and localisation-specific survival estimates for clinically 

diagnosed CRC obtained from a study by Rutter and colleagues.1 For individuals with 

synchronous CRCs at time of diagnosis, the survival of the most advanced cancer is used. 

The date of death for individuals with CRC is set to the earliest simulated death either because 

of CRC or because of another causes (Demography model). 

The average duration between onset of a progressive adenoma and the transition to preclinical 

cancer was estimated based on the interval cancer rate after a once-only sigmoidoscopy in a 

randomized controlled trial from the United Kingdom.2 The duration of cancer in preclinical 

stages was estimated based on the results of three large randomised controlled screening 

trails.3 This resulted in the average duration of 2.5 years, 2.5 years, 3.7 years, and 1.5 years, 

for stages I-IV respectively, with a total average duration of 6.7 years because not every 

cancer reaches stage IV before clinical diagnosis. All durations were governed by an 

exponential probability distribution. Durations in each of the invasive cancer stages as well as 

durations in the stages of the non-invasive adenomas were assumed to be 100% associated 

with each other, but the durations in invasive stages as a whole were independent of durations 

in non-invasive adenoma stages that precede cancer. These assumptions resulted in an 

exponential distribution of the total duration of progressive non-invasive adenomas and of the 

total duration of preclinical cancer, which has also been used in other cancer screening 

models.4,5 
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stages were simultaneously calibrated to SEER data on the age-, stage-, and localization-

specific incidence of CRC as observed before the introduction of screening (Figure 4). 

 

 

Figure 3: Adenoma prevalence observed in selected autopsy studies vs simulated by 

MISCAN-Colon (% of individuals with adenomas).* 

*Observed results are shown only for the 2 largest studies on which the model has been calibrated.6,10 The model 

has additionally been calibrated to eight other autopsy studies.7-9,11-15 
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Figure 4: CRC incidence observed before the introduction of screening vs simulated by 

MISCAN-Colon (total (A), stage I CRC (B), stage II CRC (C), stage III CRC (D), stage IV 

CRC (E); cases per 100,000 person years). 

 

The average durations of the preclinical cancer stages were calibrated to the rates of screen-

detected and interval cancers observed in randomized controlled trials evaluating screening 

using guaiac faecal occult blood tests.17-19 This exercise has been described extensively in a 

publication by Lansdorp-Vogelaar and colleagues.3 The average duration from the emergence 

of an adenoma until progression into preclinical cancer (i.e., the adenoma dwell-time) was 

calibrated to the rates of interval cancers (including surveillance detected cancers) observed 

in a randomized controlled trial evaluating once-only sigmoidoscopy screening (Figure 5).2  
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Furthermore, we assume: i) an equal overall dwell-time for adenomas developing into CRC 

from a medium size (30% of all CRCs) and from a large size (70% of all CRCs); exponential 

distribution for all durations in the adenoma and preclinical cancer phase; perfect correlation 

for the duration in the adenoma and preclinical cancer (meaning that if a small adenoma 

progresses rapidly to a medium-sized adenoma, it will also progress rapidly to a large 

adenoma or to a preclinical cancer stage I); and absence of correlation between durations in 

the adenoma phase and duration in the preclinical cancer phase. 

The stage-specific survival of patients with screen-detected cancer is assumed to be the same 

as the survival of patients with cancers clinically diagnosed in the same stage, except if 

screen-detection occurs in the same stage as the cancer would have been diagnosed without 

screening.20 In that case, survival is assumed to be similar to survival of one stage more 

favourable (i.e. stage II cancer gets stage I survival). Only if screen-detected in stage IV, we 

assume no possibility for within-stage shift and stage IV screen detected cancers always have 

the same survival as clinically diagnosed cancers in stage IV. Removal of an adenoma always 

prevents development of any subsequent cancer that may have arisen from this adenoma. 
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Figure 5: Distal CRC incidence observed in the intervention group of the UK Flexible 

Sigmoidoscopy Trial vs simulated by MISCAN-Colon (per year of follow-up (A), 

cumulative (B); cases per 100,000 person years). 
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Screening module 

Screening interrupts the development of CRC and therefore alters some of the simulated life 

histories. With screening, some cancers will be prevented by the detection and removal of 

adenomas; other cancers will be detected in an earlier stage than with clinical diagnosis which 

offers a more favourable survival. In this way, screening prevents CRC incidence or CRC 

death. The life-years gained by screening are calculated by comparing the model-predicted 

life-years lived in the population with and without screening. The effects of different screening 

policies can be compared by applying them to identical natural histories. As seen in RCTs on 

guaiac faecal occult blood testing, the stage-specific survival of screen-detected CRC was 

more favourable compared with clinically detected CRC, even after the lead-time bias 

correction.3 We therefore assign screen-detected cancers that would have been clinically 

detected in the same stage the survival corresponding to a cancer that is one stage less 

progressive. For example, a cancer which is screen-detected in stage II, that would also have 

been clinically diagnosed in stage II, is assigned the survival of a clinically diagnosed stage I 

cancer. The only exceptions were screen-detected stage IV cancers. These cancers were 

always assigned the survival of a clinically diagnosed stage IV cancer. 

In addition to modelling positive health effects of screening, we also model colonoscopy-

related complications, over-diagnosis and over-treatment of CRC (ie, the detection and 

treatment of cancers that would not have been diagnosed without screening).21-23 

Integration of the model components 

For each individual, the demography module of MISCAN-Colon simulates a date of birth and 

a date of death of other causes than CRC, creating a life history without adenomas or CRC. 

In patient A in Figure 6, the natural history module generates an adenoma. This adenoma 

progresses into preclinical cancer (diagnosed as stage II CRC because of symptoms) and 

results in CRC death before non-CRC death would have occurred. However, in the screening 

module, a screening examination is introduced (indicated by the blue arrow). During this 

examination, the adenoma is detected and then removed, and both CRC and CRC death 

prevented. Hence, in Patient A, the positive effect of the screening intervention is indicated by 

the green arrow and represents the increased LYG for this patient because of screening.  

Patient B also develops an adenoma, and although this adenoma does progress into 

preclinical cancer, Patient B would never have been diagnosed with CRC in a scenario without 

screening (see life history 2). However, during the simulated screening examination (blue 

arrow) CRC is screen-detected in stage I and for this patient, the screening results in over-

diagnosis and overtreatment of CRC: in this situation, screening does not prolong life, but it 
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does result in additional LYs with CRC care (over-treatment) as indicated by the red arrow. 

 

  

Figure 6: Integrating modules: two example individuals (A and B). 
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Model Outputs 

The model generates the following output, both undiscounted and discounted: 

Demography 

1. Life-years lived in the population by calendar year and age 

2. Deaths from other causes than CRC by calendar year and age 

Natural history 

1. CRC cases by calendar year, stage and age 

2. CRC deaths by calendar year and age  

3. Life-years lived with CRC by calendar year, stage and age 

4. Total number of life years with surveillance for adenoma patients 

5. Total number of life years with initial therapy after screen-detected or clinical invasive 
cancer by stage 

6. Total number of life years with continuing therapy after screen-detected or clinical 
invasive cancer by stage 

7. Total number of life years with terminal care before death from other causes by stage 

8. Total number of life years with terminal care before death from CRC by stage 

Screening  

1. Number of invitations for screen-tests, screen-tests, diagnostic tests, surveillance 
and opportunistic screen tests by calendar year 

2. Number of positive and negative test results per preclinical state and per year 

3. Total number of life years lived, life years lost due to cancer, number of specific 
deaths and non-specific deaths 

4. Number of screenings that prevented cancer by year of screening 

5. Number of screenings that detected cancer early by year of screening 

6. Number of surveillance tests that prevented cancer by year of surveillance 

7. Number of surveillance tests that detected cancer early by year of surveillance 

8. Number of life years gained due to screening by year of screening 
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