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MISCAN-Colon Model Quantification 

Model parameters 

The quantification of the demography and natural history parameters in the model may vary 

depending on the population simulated. The following data is the description of the model 

quantification used in the present analysis. 

Demography parameters 

In these analyses, a cohort of 45 year old males or females was modelled. Life tables and 

birth tables were based on data from China’s 6th population census in 2010 (most recent 

available data).1 Although there was no organised screening in Shanghai at this time, there 

was a small screening pilot project in communities of Qibao Town in Shanghai from 2008-

2011.2 These life tables include CRC mortality and the demography part simulates mortality 

from causes other than CRC. However, no adjustment was made to the life tables because 

the percentage of CRC mortality in overall mortality is small and the data on CRCs deaths by 

age and sex in this setting are sparse.  

Natural history parameters 

Colorectal cancer incidence and mortality data was derived from data sourced from Shanghai 

Municipal Center for Disease Control and Prevention.3 The incidence of progressive 

adenomas was chosen to reproduce the CRC incidence by age, stage, and localisation in 

Shanghai.3-5 Stage-specific survival was based on data from 2015 in Shanghai.4 As the 

survival data was divided into colon and rectal cancer and MISCAN-Colon uses survival for 

CRC, the data was transformed into a weighted CRC survival. 

The anatomic site distribution of both progressive and non-progressive adenomas and thus of 

preclinical and clinical cancers is assumed to be equal to the site distribution of CRCs as 

reported by the Shanghai Municipal Center for Disease Control and Prevention.5 

Table 1 contains a detailed summary of the natural history input values and data sources. 
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Table 1: Main natural history assumptions in the MISCAN-Colon model 

Model parameter Value Source 

Heterogeneity of risk for 
adenomas over the general 
population 

Gamma distributed, mean 1, 
variance sex dependent  

Fit to multiplicity distribution of 
adenomas in autopsy studies6-15 and 
cancer incidence from Shanghai in 

20153 
 

Adenoma incidence per year Age and sex dependent. Fit to adenoma prevalence in 
autopsy studies6-15 
Cancer incidence from Shanghai in 

20153 

Probability that a new adenoma 
is progressive 

 
Fit to adenoma prevalence in 
autopsy studies6-15 
Cancer incidence from Shanghai in 

20153 

Regression of adenomas No significant regression of 
adenomas 

Expert opinion 

Mean duration of development of 
progressive adenomas to 
preclinical cancer 

14 years  Estimated from randomized 
controlled trial of once-only 
sigmoidoscopy16 

Average duration of preclinical 
cancer  by stage 

Stage I: 2.5 years 
Stage II: 2.5 year 
Stage III: 3.7 years 
Stage IV: 1.5 year 

Estimated from FOBT trials17 

Mean duration of preclinical 
cancer  

6.7 years  Estimated from FOBT trials17 

Per cent of non-progressive 
adenomas that stay 6-9mm 

25% Fit to size distribution of adenomas 
in colonoscopy trial (corrected for 
colonoscopy sensitivity)18 

 1-5mm: 73% 

 6-9mm: 15% 

 10+mm: 12% 

Per cent of non-progressive 
adenomas that become 10mm or 
larger 

75% 

Per cent of cancers that develops 
from 6-9mm adenoma and from 
10+mm adenoma 

30% develop from 6-9mm 
70% develop from 10+mm 

Expert opinion 

Localisation distribution of 
adenomas and cancer 

Cecum 5.41% 
Ascending colon 16.67% 
Transverse colon 8.33% 
Descending colon 4.62% 
Sigmoid 20.54% 
Rectosigmoid junction 0.00% 
Rectum 44.43% 
Unknown 0.00% 

Estimated from Shanghai cancer 

incidence in 20153 

5-year survival after clinical 
diagnosis of CRC 

Dependent on age and stage at 
diagnosis, and localization 
 

 

Abbreviations: CRC, colorectal cancer; FOBT, faecal occult blood test 
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Screening parameters 

Data and assumptions for occult blood screening 

We estimated the test characteristics of the Shanghai FIT and the Shanghai FIT+RA (Table 

2) so that the model predicted positivity and detection rates for advanced neoplasia are similar 

to those observed in the first three years of screening in Pudong (2013-2015). These observed 

rates were provided by the Pudong Centre for Disease Control (Table 3). The algorithm used 

for this estimation is the Nelder-Mead Simplex method.19 This iterative parameter search 

method constructs a simplex consisting of a number of sets of potential test characteristics 

equal to the number of test characteristics plus 1. For each set, the goodness-of-fit (GOF) is 

computed and a better set (in terms of GOF) replaces the worst set.20 Since the data consists 

of rates, the Poisson likelihood was used as the GOF during the calibration. 

The test characteristics of the validated FIT 1 and FIT 2 were fitted to the positivity and 

detection rates of advanced neoplasia observed in the first screening round of two Dutch 

randomised trials, which utilised the OC-Sensor micro (Eiken Chemical, Tokyo, Japan, Table 

2).21-24 To estimate the two-sample FIT test characteristics we followed the approach 

described in Goede and colleagues.25 The characteristics differ to those previously presented 

as the natural history of the MISCAN-Colon model has been updated since this publication.26  

The sensitivity of the stool tests for cancer was split to take into account the variance in test 

sensitivity at different time points before clinical diagnosis (shortly before and longer before). 

It was assumed that the probability a CRC bleeds, and thus the sensitivity of stool tests for 

CRC, depends on the time until clinical diagnosis, hence the distinction between ‘early’ and 

‘late’ preclinical CRC. This is to be expected when cancers that bleed do so increasingly over 

time, starting with occult blood loss and progressing to clinically visible bleeding.17 In addition, 

the effect of systematic false negative FIT (that is, adenomas that do not bleed) and systematic 

false positive (individuals who always test positive but do not have adenomas) results were 

taken into account.27 
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Table 2: Test characteristics of the faecal immunochemical tests and colonoscopy 

Test 

Sensitivity (%) 
Specificity 

(%) 

Adenoma 
≤5mm 

Adenoma 
6-9mm 

Adenoma 
≥10mm 

CRC early 
preclinical 

a 

CRC late 
preclinical 

a 

 

Shanghai FIT b 0.0 8.7 20.3 44.6 78.9 87.4 

Shanghai FIT + RA b 0.0 9.4 33.0 74.2 93.1 79.3 

One-sample FIT10 c 0.0 11.0 39.4 65.5 90.0 96.1 

One-sample FIT15 c 0.0 6.5 33.3 58.5 87.0 97.3 

One-sample FIT20 c 0.0 5.0 29.3 52.0 83.5 97.9 

One-sample FIT30 c 0.0 3.3 26.6 50.5 83.0 98.4 

One-sample FIT40 c 0.0 2.6 22.1 50.0 82.5 98.7 

Two-sample FIT10 c,d 0.0 16.2 63.3 75.0 93.5 94.1 

Two-sample FIT15 c,d 0.0 8.9 52.7 71.0 92.0 95.7 

Two-sample FIT20 c,d 0.0 7.1 46.9 66.0 90.0 96.7 

Two-sample FIT30 c,d 0.0 4.6 42.5 66.5 90.5 97.4 

Two-sample FIT40 c,d 0.0 4.9 12.5 66.0 90.0 97.7 

Colonoscopy e,f 75.0 85.0 95.0 95.0 95.0 86.0 

Abbreviations: CRC, colorectal cancer; FIT10, faecal immunochemical test; RA, risk assessment; 10 
µg Hb/g faeces cut-off value; FIT15, faecal immunochemical test, 15 µg Hb/g cut-off value; FIT20, 
faecal immunochemical test, 20 µg Hb/g faeces cut-off value; FIT30, faecal immunochemical test, 30 
µg Hb/g cut-off value; FIT40, faecal immunochemical test, 40 µg Hb/g cut-off value; µg Hb/g, 
micrograms of haemoglobin per gram faeces 
a. It was assumed that the probability a CRC bleeds and thus the sensitivity of a FIT for CRC 

depends on the time until clinical diagnosis.17  
b. Specificity and sensitivity based on the positivity rates and detection rates of advanced neoplasia 

observed in the first screening round in Pudong, Shanghai. This data for this was provided by 
Pudong Centre for Disease Control. Sensitivity for adenomas smaller than 5 mm was assumed to 
be 0% for all tests. 

c. Specificity and sensitivity based on the positivity rates and detection rates of advanced neoplasia 
observed in the first screening round of two Dutch randomised trials.21-24 Sensitivity for adenomas 
smaller than 5 mm was assumed to be 0% for all tests, at any cut-off level. 

d. A two-sample FIT is considered positive when at least one-sample contains detectable blood at 
the specified cut-off value 

e. Specificity for colonoscopy is based on Schroy et al, 2013.28 The lack of specificity with 
endoscopy reflects the detection of non-adenomatous lesions, which, in the case of colonoscopy, 
leads to unnecessary polypectomy, which is associated with an increased risk complications.  

f. Sensitivity of colonoscopy for the detection of adenomas and CRC within the reach of the 
endoscope was obtained from a systematic review on miss rates observed in tandem 
colonoscopy studies.29 
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Table 3: Positive and detection rate per 1,000 obtained by estimation and provided by Pudong CDC for the first three years of screening.  

 
Positivity rate 

Detection rate for non-advanced 

adenomas 

Detection rate for advanced 

adenomas 
Detection rate for CRC 

 
Observed a 

(95% CI) 
Estimated b 

Observed c 

(95% CI) 
Estimated b 

Observed c 

(95% CI) 
Estimated b 

Observed c 

(95% CI) 
Estimated b 

Shanghai FIT  
145.26 

(144.06–146.47) 
145.32 

25.05 

(24.15–25.98) 
25.07 

17.51 

(16.76–18.29) 
17.52 

3.63 

(3.29–4.00) 

 

3.63 

Shanghai FIT+RA 
231.37 

(229.94–232.82) 
231.37 

38.32 

(37.06–39.61) 
38.32 

25.82 

(24.79–26.88) 
25.82 

4.80 

(4.36–5.27) 
4.79 

Abbreviations: CRC, colorectal cancer; FIT, faecal immunochemical test; RA, risk assessment; CI, confidence interval.  
a. The observed positivity rate is determined as the total number of positive tests divided by the total number of participants using the specific screening 

test. In case of the Shanghai FIT+RA, this screening test was considered positive when both Shanghai FIT and the risk assessment were positive. The 

total number of participants consists of only participants for the Shanghai FIT or only participants for both the Shanghai FIT and the risk assessment.  

b. The estimated positivity and detection rates are obtained by the Nelder-Mead Simplex method 19 as explained in the methods section.  

c. The observed detection rates were determined by multiplying the observed positivity rate with the positive predictive value to correct for the assumed 

100% adherence in the model estimation.  
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Data and assumptions for colonoscopy 

For colonoscopy procedures the caecal intubation rate was assumed to be 95%.30-32 The 

percentage of the population without adenomas or cancer but with hyperplastic polyps, 

lipomas, or other lesions that lead to polypectomy and pathology after colonoscopy 

(colonoscopy lack of specificity) has been estimated as 16%.28 This percentage was assumed 

to be independent of the screening round. The sensitivity for each lesion within reach was 

based on back-to-back colonoscopy studies increasing from 75% for small adenomas (≤5 mm) 

to 85% for medium-sized adenomas (6-9 mm) and to 95% for large adenomas (≥10 mm) and 

CRC.29 At detection, lesions are removed immediately.  

Risks of complications reported in organised screening programs33-35 are lower than those 

reported for general practice colonoscopies.36,37 The major complications of colonoscopy are 

perforations (which can occur with or without polypectomy), serosal burns, bleeds requiring 

transfusion and bleeds not requiring transfusion.33-37 For the purposes of this analysis, 

complications are conditional on polypectomy,38 and we assume that polypectomy is only 

performed if colonoscopy is positive.  

Information on complications arising from colonoscopy are scarce in China. One study 

reported 14 perforations associated with polypectomy out of 110,785 colonoscopies over a 12 

year period (rate of perforation equals 0.012%).39 Another found 99 bleeding events 

associated with 15,553 polypectomies performed in 5,600 patients.40 Unfortunately this 

research did not report how many individuals experienced bleeding and therefore it could not 

be used in our analysis. We were unable to find any information of deaths associated with 

colonoscopy. Therefore we did not report rates of death or bleeding. Fortunately, there is 

research underway to address this gap in knowledge.41 Complications of colonoscopy were 

based on hospital admissions within 30 days of index colonoscopy. 

Follow-up and surveillance 

For all strategies, it was assumed that after a positive stool test result, a diagnostic 

colonoscopy was offered. Adenomas identified at diagnostic colonoscopies were removed and 

the individual entered colonoscopy surveillance at intervals dependent on adenoma findings 

consistent with European Society of Gastrointestinal Endoscopy Guidelines.42 Individuals with 

low risk findings (less than 3 low risk (i.e. less than 10mm) adenomas at primary screening) 

did not receive any surveillance while individuals with high-risk findings were offered 

surveillance with colonoscopy after three years, and thereafter repeated colonoscopies with 
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intervals of three to five years depending on the findings. It was assumed that surveillance 

stopped at 80 years of age. 

Parameters for the Sensitivity Analyses 

Changes to test characteristics 

We conducted a series of sensitivity analyses to assess the robustness of our assumptions. 

Due to uncertainty about the performance of the validated FIT in the Chinese population, we 

conducted an analysis where we adjusted the characteristics such that the sensitivity and 

specificity were halfway between calibrated Shanghai FIT and validated FITs (Table 4).  

Table 4: Test characteristics of the validated faecal immunochemical tests used in the 

sensitivity analysis 

Test 

Sensitivity (%) Specificity 
(%) 

Adenoma 
≤5mm 

Adenoma 
6-9mm 

Adenoma 
≥10mm 

CRC early 
preclinical a 

CRC late 
preclinical a 

One sample FIT10 b 12.4 9.9 29.9 54.8 84.5 91.7 

One sample FIT15 b 8.8 7.6 26.8 51.6 83.0 92.3 

One sample FIT20 b 7.9 6.8 24.8 48.3 81.2 92.7 

One sample FIT30 b 6.6 6.0 23.4 47.6 81.0 92.9 

One sample FIT40 b 6.1 5.6 9.9 47.3 80.7 93.1 

Two sample FIT10 b,c 12.4 12.4 41.8 59.8 86.2 90.8 

Two sample FIT15 b,c 8.8 8.8 36.5 57.8 85.5 91.6 

Two sample FIT20 b,c 7.9 7.9 33.6 55.3 84.5 92.0 

Two sample FIT30 b,c 6.6 6.6 31.4 55.6 84.7 92.4 

Two sample FIT40 b,c 6.1 6.1 12.4 55.3 84.5 92.6 

Abbreviations: CRC = colorectal cancer; FIT10 = faecal immunochemical test, 10 µg Hb/g faeces cut-
off value; FIT15 = faecal immunochemical test, 15 µg Hb/g cut-off value; FIT20 = faecal 
immunochemical test, 20 µg Hb/g faeces cut-off value; FIT30 = faecal immunochemical test, 30 µg 
Hb/g cut-off value; FIT40 = faecal immunochemical test, 40 µg Hb/g cut-off value; µg Hb/g = 
micrograms of haemoglobin per gram faeces 
a. It was assumed that the probability a CRC bleeds and thus the sensitivity of a FIT for CRC 

depends on the time until clinical diagnosis.17  
b. Original specificity and sensitivity based on the positivity rates and detection rates of advanced 

neoplasia observed in the first screening round of two Dutch randomised trials.21-24 This was then 
adjusted so that it was halfway between this and the specificity and sensitivity of the Shanghai 
FIT. Sensitivity for adenomas smaller than 5 mm was assumed to be 0% for all tests, at any cut-
off level. 

c. A two sample FIT is considered positive when at least one sample contains detectable blood at 
the specified cut-off value 
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Quality-adjusted life years 

As information on quality-adjusted life years is scarce in the Chinese setting, they were 

excluded from the main analysis. Therefore, we assessed the impact of utilising international 

quality of life measurements in a sensitivity analysis (Table 5).43  

Table 5: International utility losses associated with colorectal cancer screening and 

treatment 

Per FIT    0 
Per colonoscopy b    0.00274 
Per perforation during colonoscopy c   0.00548 
Per LY with CRC Care d,e Initial Care Continuing 

Care 
Terminal care 
(Death CRC) 

Terminal care 
(Death OC) 

Stage I 0.12 0.05 0.70 0.05 
Stage II 0.18 0.05 0.70 0.05 
Stage III 0.24 0.24 0.70 0.24 
Stage IV 0.70 0.70 0.70 0.70 

Abbreviations: CRC, Colorectal Cancer; FIT, faecal immunochemical test; OC, Other Cause; LY, Life 
Year 
a. The loss of quality of life associated with a particular event. 
b. Equal to 2 days per colonoscopy at a utility of 0.5. 
c. Perforations associated with colonoscopy were assumed to be equal to 4 days at a utility of 0.5. 
d. Care for CRC was divided in three clinically relevant phases: the initial, continuing, and terminal 

care phase. The initial care phase was defined as the first 12 months after diagnosis; the terminal 
care phase was defined as the final 12 months of life; the continuing care phase was defined as 
all months in between. In the terminal care phase, we distinguished between CRC patients dying 
from CRC and CRC patients dying from another cause. For patients surviving less than 24 
months, the final 12 months were allocated to the terminal care phase and the remaining months 
were allocated to the initial care phase. 

e. Utility losses for LYs with initial care were derived from a study by Ness and colleagues.43 For LYs 
with continuing care for stage I and II CRC, we assumed a utility loss of 0.05 QALYs; for LYs with 
continuing care for stage III and IV CRC, we assumed the corresponding utility losses for LYs with 
initial care. For LYs with terminal care for CRC, we assumed the utility loss for LYs with initial care 
for stage IV CRC. For LYs with terminal care for another cause, we assumed the corresponding 
utility losses for LYs with continuing care. 

 

Chinese surveillance pathway 

Although there is conflicting advice in China about the post diagnostic colonoscopy pathway 

(including when to return to screening and the surveillance pathway), we assessed the impact 

of following a surveillance pathway derived from Chinese literature (Figure 1).44,45  
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Parameters for the Probabilistic Sensitivity Analyses 

Table 6: Test characteristics including mean and ranges used in the probabilistic sensitivity analysis. 

 Shanghai FIT + RA One-sample FIT10 Two-sample FIT10 Two-sample FIT20 
 Mean Rangeb Mean Rangeb Mean Rangeb Mean Rangeb 

Sensitivity (%)         
   Adenoma 6-9mm 9.4 [9.2; 9.5] 11.0 [10.2; 11.9] 16.2 [15.1; 17.3] 7.1 [6.4; 7.7] 

   Adenoma ≥10mm 33.0 [32.4; 33.5] 39.4 [37.5; 41.4] 63.3 [61.1; 65.6] 46.9 [44.6; 49.1] 

   CRC early preclinical 74.2 [72.4; 76.0] 65.5 [59.2; 70.8] 75.0 [69.9; 80.1] 66.0 [60.5; 71.5] 
   CRC late preclinical 93.1 [91.9; 94.2] 90.0 [85.7; 94.3] 93.5 [90.3; 96.7] 90.0 [86.0; 94.0] 
Specificity (%) 79.3 [79.3; 79.4] 96.1 [95.9; 96.3] 94.1 [93.9; 94.4] 96.7 [96.5; 96.9] 
Probability of systematic test result for (%)a        
    False positive 1.27 [1.27; 1.27] 1.27 [1.22; 1.32] 1.27 [1.23; 1.31] 1.27 [1.22; 1.32] 
    Adenoma 6-9mm 73.1 [73.0; 73.2] 73.1 [72.7; 73.5] 73.1 [72.7; 73.5] 73.1 [72.7; 73.5] 
    Adenoma ≥10mm 26.0 [26.0; 26.0] 26.0 [25.8; 26.2] 26.0 [25.8; 26.2] 26.0 [25.8;26.2] 

Abbreviations: CRC, colorectal cancer; FIT, faecal immunochemical test; RA, risk-assessment; FIT10, faecal immunochemical test, 10 µg Hb/g faeces cut-off 
value; FIT20, faecal immunochemical test, 20 µg Hb/g faeces cut-off value; µg Hb/g, micrograms of haemoglobin per gram faeces. 
a. The test characteristics were adjusted to take into account the effect of systematic false-positive and false‐negative results (individuals who always test 

positive but do not have adenomas or who test negative because of adenomas which do not bleed).27 Ranges of the 95% confidence intervals differ between 

the tests due to different numbers of positive/negative tests and adenomas and/or CRCs detected. 

b. Ranges of the 95% confidence intervals for the test characteristics in the probabilistic sensitivity analyses are approximated using the binomial distribution, 

with p the probability of success (i.e. finding a lesion, or a positive/negative results) and n, the number of experiments (i.e. total number of lesions available, 

or total number of positive/negative tests). Using the formula 𝜎 =  √𝑛𝑝𝑞, we were able to compute ranges for the test characteristics and using these ranges, 

the two shape parameters 𝛼 and 𝛽 for the beta- distribution. 
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