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Probabilistic Sensitivity Analysis Convergence Diagnostics 

To verify the adequacy of the 1,000 iterations used in the probabilistic sensitivity analysis (PSA), 

we assessed model convergence using the incremental net monetary benefit (INMB) framework. 

A convergence plot (Figure S1) was generated to track the cumulative mean INMB and its 

standard error-derived 95% confidence intervals at a willingness-to-pay threshold of ¥5 million 

per quality-adjusted life-year (QALY). The plot shows that the 95% confidence intervals narrowed 

progressively and did not cross the zero threshold, indicating that the decision uncertainty due to 

Monte Carlo sampling error was effectively minimized. 

Figure S1. Convergence Plot for the Probabilistic Sensitivity Analysis 

The plot illustrates the cumulative mean incremental net monetary benefit (INMB) (green line) and its 95% confidence 
intervals (blue and dark blue lines) over 1,000 Monte Carlo iterations comparing biennial vs annual FIT-based 
screening. The stability of the lines confirms robust model convergence. 
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Figure S2. Inpatient and Outpatient Colonoscopies Performed Annually in Japan 

Abbreviation: TCS, total colonoscopy. 

The line illustrates the total number of colonoscopies (TCS) performed annually in Japan, 

combining both inpatient and outpatient settings. The vertical axis represents the annual volume 

of procedures. A notable decline is observed in 2020, followed by a fluctuation in subsequent years. 
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Figure S3. Validation of the Microsimulation Model Against Japanese Registry Data 

This figure plots age-specific colorectal cancer incidence and mortality rates to assess model performance. The x-axis 
represents 5-year age bands, and the y-axis indicates the number of cases or deaths per 10,000 individuals. Model-
estimated incidence (blue dot line) and mortality (gray dot line) are compared with observed data from the Cancer 
Registry and Statistics of Japan (incidence, orange line; mortality, yellow line). 
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Table S1. Input Parameters Used in the Microsimulation Model: Annual Transition Probabilities, 
Diagnostic Performance, Healthcare Costs, and Health State Utility Values 

Base-Case Value Sensitivity Analysis 
Range 

Distribution Reference 

Transition probabilities (per year)
Probability from 
normal epithelium to 
low-risk polyp per year 

0.089105 0.05418-0.12403 Beta (SE: 0.01782) Calibration 1-3 

Probability from low-
risk polyp to high-risk 
polyp per year  

0.0415 0.025232-0.057768 Beta (SE: 0.0083) Assumption 4 

Probability from high-
risk polyp to Dukes A 
CRC per year 

0.0255 (40 - 59) 
0.029 (60 - 64) 
0.038 (65 - 69) 
0.0505 (70 - 74) 
0.054 (75-)  

0.015504-0.035496, 
0.017632-0.040368, 
0.023104-0.052896, 
0.030704-0.070296, 
0.032832-0.075168 

Beta (SE: 0.0051), 
Beta (SE: 0.0058), 
Beta (SE: 0.0076), 
Beta (SE: 0.0101), 
Beta (SE: 0.0108) 

4

Probability from
Dukes A to B per year 

0.671669 0.40838-0.93496 Beta (SE: 0.13433) Calibration 1-3 

Probability from 
Dukes B to C per year 

0.715852 0.43524-0.99647 Beta (SE: 0.14317) Calibration 1-3 

Probability from 
Dukes C to D per year 

0.854471 0.51952-1 Beta (SE: 0.17089) Calibration 1-3 

Probability from 
Dukes A to death per 
year 

0.0177 0.0107616-
0.0246384 

Beta (SE: 0.00354) 5

Probability from 
Dukes B to death per 
year 

0.0322 0.0195776-
0.0448224 

Beta (SE: 0.00644) 5

Probability from 
Dukes C to death per 
year 

0.0712 0.0432896-0.0991104 Beta (SE: 0.01424) 5

Probability from 
Dukes D to death per 
year 

0.2906 0.1766848-
0.4045152 

Beta (SE: 0.05812) 5

Probability of 
recurrence after 
treatment of colorectal 
cancer (Dukes A)  

0.0196 0.0119168-0.0272832 Beta (SE: 0.00392) 5

Probability of 
recurrence after 
treatment of colorectal 
cancer (Dukes B)  

0.035 0.02128-0.04872 Beta (SE: 0.007) 5

Probability of 
recurrence after 
treatment of colorectal 
cancer (Dukes C)  

0.0786 0.0477888-0.1094112 Beta (SE: 0.01572) 5

Probability of 
recurrence after 
treatment of colorectal 
cancer (Dukes D)  

0.120318 0.07315-0.16748 Beta (SE: 0.02406 Calibration 1-3 

Probability of 
symptomatic 

0.145852 0.08868-0.20303 Beta (SE: 0.02917) Calibration, 1-3 
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Base-Case Value Sensitivity Analysis 
Range 

Distribution Reference 

presentation of CRC: 
Dukes A 
Probability of 
symptomatic 
presentation of CRC: 
Dukes B 

0.250575 0.15235-0.3488 Beta (SE: 0.05011) Calibration 1-3 

Probability of 
symptomatic 
presentation of CRC: 
Dukes C 

0.409228 0.24881-0.56965 Beta (SE: 0.08185) Calibration 1-3 

Probability of 
symptomatic 
presentation of CRC: 
Dukes D 

0.906323 0.55104-1 Beta (SE: 0.18126) Calibration 1-3 

Natural mortality 
rate 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 

0.000731782 
0.000798335 
0.000875212 
0.0009472 
0.001024489 
0.001090701 
0.001199118 
0.001328348 
0.001483678 
0.00165505 
0.00176044 
0.001954174 
0.002154239 
0.002381416 
0.002610258 
0.002790003 
0.003069721 
0.003378229 
0.003700391 
0.004052552 
0.004297313 
0.004701265 
0.005180527 
0.005737122 
0.006368242 
0.006840957 
0.007564242 
0.008315322 
0.00917469 
0.010181581 
0.011026636 
0.012343935 
0.013786678 
0.01540183 
0.017205503 

0.00044-0.00102 
0.00049-0.00111 
0.00053-0.00122 
0.00058-0.00132 
0.00062-0.00143 
0.00066-0.00152 
0.00073-0.00167 
0.00081-0.00185 
0.0009-0.00207 
0.00101-0.0023 
0.00107-0.00245 
0.00119-0.00272 
0.00131-0.003 
0.00145-0.00331 
0.00159-0.00363 
0.0017-0.00388 
0.00187-0.00427 
0.00205-0.0047 
0.00225-0.00515 
0.00246-0.00564 
0.00261-0.00598 
0.00286-0.00654 
0.00315-0.00721 
0.00349-0.00799 
0.00387-0.00886 
0.00416-0.00952 
0.0046-0.01053 
0.00506-0.01157 
0.00558-0.01277 
0.00619-0.01417 
0.0067-0.01535 
0.00751-0.01718 
0.00838-0.01919 
0.00936-0.02144 
0.01046-0.02395 

Beta (SE: 0.00015) 
Beta (SE: 0.00016) 
Beta (SE: 0.00018) 
Beta (SE: 0.00019) 
Beta (SE: 0.0002) 
Beta (SE: 0.00022) 
Beta (SE: 0.00024) 
Beta (SE: 0.00027) 
Beta (SE: 0.0003) 
Beta (SE: 0.00033) 
Beta (SE: 0.00035) 
Beta (SE: 0.00039) 
Beta (SE: 0.00043) 
Beta (SE: 0.00048) 
Beta (SE: 0.00052) 
Beta (SE: 0.00056) 
Beta (SE: 0.00061) 
Beta (SE: 0.00068) 
Beta (SE: 0.00074) 
Beta (SE: 0.00081) 
Beta (SE: 0.00086) 
Beta (SE: 0.00094) 
Beta (SE: 0.00104) 
Beta (SE: 0.00115) 
Beta (SE: 0.00127) 
Beta (SE: 0.00137) 
Beta (SE: 0.00151) 
Beta (SE: 0.00166) 
Beta (SE: 0.00183) 
Beta (SE: 0.00204) 
Beta (SE: 0.00221) 
Beta (SE: 0.00247) 
Beta (SE: 0.00276) 
Beta (SE: 0.00308) 
Beta (SE: 0.00344) 

Assumption 3,6 
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Base-Case Value Sensitivity Analysis 
Range 

Distribution Reference 

75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

0.018852618 
0.020827503 
0.023152982 
0.025969279 
0.029273423 
0.032670376 
0.036824741 
0.041250474 
0.046445015 
0.052654483 
0.059192306 
0.067448035 
0.076664345 
0.087113784 
0.098962355 
0.111308005 
0.124283964 
0.139363412 
0.155234958 
0.172831371 
0.196299984 
0.220704129 
0.247283355 
0.276140595 
0.307174345 
0.340415137 

0.01146-0.02624 
0.01266-0.02899 
0.01408-0.03223 
0.01579-0.03615 
0.0178-0.04075 
0.01986-0.04548 
0.02239-0.05126 
0.02508-0.05742 
0.02824-0.06465 
0.03201-0.0733 
0.03599-0.0824 
0.04101-0.09389 
0.04661-0.10672 
0.05297-0.12126 
0.06017-0.13776 
0.06768-0.15494 
0.07556-0.173 
0.08473-0.19399 
0.09438-0.21609 
0.10508-0.24058 
0.11935-0.27325 
0.13419-0.30722 
0.15035-0.34422 
0.16789-0.38439 
0.18676-0.42759 
0.20697-0.47386 

Beta (SE: 0.00377) 
Beta (SE: 0.00417) 
Beta (SE: 0.00463) 
Beta (SE: 0.00519) 
Beta (SE: 0.00585) 
Beta (SE: 0.00653) 
Beta (SE: 0.00736) 
Beta (SE: 0.00825) 
Beta (SE: 0.00929) 
Beta (SE: 0.01053) 
Beta (SE: 0.01184) 
Beta (SE: 0.01349) 
Beta (SE: 0.01533) 
Beta (SE: 0.01742) 
Beta (SE: 0.01979) 
Beta (SE: 0.02226) 
Beta (SE: 0.02486) 
Beta (SE: 0.02787) 
Beta (SE: 0.03105) 
Beta (SE: 0.03457) 
Beta (SE: 0.03926) 
Beta (SE: 0.04414) 
Beta (SE: 0.04946) 
Beta (SE: 0.05523) 
Beta (SE: 0.06143) 
Beta (SE: 0.06808) 

Costs, ¥ ($) 
FIT cost 1,080 (7) 657-1,503 Gamma (SE: 216) Assumption,7 

TCS cost 32,320 (214) 19,651-44,989 Gamma (SE: 6,464) Assumption,7 

Cost of endoscopic 
resection of low-risk 
polyp 

74,600 (493) 45,357-103,843 Gamma (SE: 14,920) Assumption 7 

Cost of endoscopic 
resection of high-risk 
polyp  

458,693 (3,031) 278,885-638,501 Gamma (SE: 91,739) 8

Annual cost 
management for 
patients with Dukes A 
stage (1st year)  

1,808,882 
(11,951) 

1,099,800-2,517,964 Gamma (SE: 361,776) 8

Annual cost 
management for 
patients with Dukes B 
stage (1st year)  

2,082,459 
(13,759) 

1,266,135-2,898,783 Gamma (SE: 416,492) 8

Annual cost 
management for 
patients with Dukes C 
stage (1st year)  

2,670,545 
(17,644) 

1,623,691-3,717,399 Gamma (SE: 534,109) 8

Annual cost 
management for 

3,217,998 
(21,262) 

1,956,543-4,479,453 Gamma (SE: 643,600) 8
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Base-Case Value Sensitivity Analysis 
Range 

Distribution Reference 

patients with Dukes D 
stage (1st year) 
Annual management 
cost for patients with 
Dukes A stage (years 
2+) 

34,439 (228) 20,939-47,939 Gamma (SE: 6,888) 2

Annual management 
cost for patients with 
Dukes B stage (years 
2+) 

34,439 (228) 20,939-47,939 Gamma (SE: 6,888) 2

Annual management 
cost for patients with 
Dukes C stage (years 
2+) 

43,543 (288) 26,474-60,612 Gamma (SE: 8,709) 2

Annual management 
cost for patients with 
Dukes D stage (years 
2+) 

2,464,080 
(16,280) 

 1,498,161-3,429,999 Gamma (SE: 492,816) 2

Cost of perforation 
after EMR 

208,530 (1,378) 126,786-290,274 Gamma (SE: 41,706) Assumption 7 

Probability 
Examination rate for 
FIT 

0.4595 0.279376-0.639624 Beta (SE: 0.0919) 9

Examination rate for 
TCS after FIT 

0.704 0.428032-0.979968 Beta (SE: 0.1408) 9,10

FIT sensitivity for 
low-risk polyps 

0.245 0.165-0.34 Beta (SE: 0.044643) 11

TCS sensitivity for 
low-risk polyps 

0.927 0.801-0.985 Beta (SE: 0.046939) 11

FIT sensitivity for 
high-risk polyps 

0.27 0.21-0.33 Beta (SE: 0.030612) 12

TCS sensitivity for 
high-risk polyps 

0.978 0.885-0.999 Beta (SE: 0.029082) 11

TCS sensitivity for 
CRC (Dukes A-D) 

0.978 0.885-0.999 Beta (SE: 0.029082) 11

FIT sensitivity for 
CRC (Dukes A-D) 

0.71 0.56-0.83 Beta (SE: 0.068878) 12

TCS specificity for 
colorectal polyps and 
CRC 

0.958 0.926-0.979 Beta (SE: 0.0135) 11

FIT specificity for 
colorectal polyps and 
CRC 

0.95 0.94-0.96 Beta (SE: 0.0051) 12

Probability of adverse 
events following TCS 

0.00011 0.00006688-
0.00015312 

Beta (SE: 0.000022) 13

Probability of death 
following perforation 

0.0365 0.022192-0.050808 Beta (SE: 0.0073) 13

Probability of 
perforation after TCS 

0.0069 0.0041952-
0.0096048 

Beta (SE: 0.00138) 14
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 Base-Case Value Sensitivity Analysis 
Range 

Distribution Reference 

with endoscopic polyp 
resection 
Utility     
Healthy Japanese 
population 

0.891 0.757-1 Beta (SE: 0.13) 15,16 

Normal epithelium 0.891 0.757-1 Beta (SE: 0.13) 15,16 
Low risk polyp 0.891 0.757-1 Beta (SE: 0.13) 15,16 
High risk polyp 0.891 0.757-1 Beta (SE: 0.13) 15,16 
Polypectomy 0.891 0.757-1 Beta (SE: 0.13) 15,16 
Dukes A colorectal 
cancer 

0.879 0.534432-1 Beta (SE: 0.1758) 17,18 

Dukes B colorectal 
cancer 

0.879 0.534432-1 Beta (SE: 0.1758) 17,18 

Dukes C colorectal 
cancer 

0.867 0.527136-1 Beta (SE: 0.1734) 17,18 

Dukes D colorectal 
cancer 

0.867 0.527136-1 Beta (SE: 0.1734) 17,18 

Dukes A - Follow-up 
(Years 2-5) 

0.879 0.534432-1 Beta (SE: 0.1758) 17,18 

Dukes B - Follow-up 
(Years 2-5) 

0.879 0.534432-1 Beta (SE: 0.1758) 17,18 

Dukes C - Follow-up 
(Years 2-5) 

0.867 0.527136-1 Beta (SE: 0.1734) 17,18 

Dukes D - Follow-up 
(Years 2-5) 

0.867 0.527136-1 Beta (SE: 0.1734) 17,18 

Post-treatment states 0.891 0.757-1 Beta (SE: 0.13) 15,16 
Non-CRC death 0   Assumption 
CRC death 0   Assumption 

Abbreviations: CRC, colorectal cancer; EMR, endoscopic mucosal resection; ESD, endoscopic submucosal 
dissection; FIT, fecal immunochemical test; QALY, quality-adjusted life-years; TCS, total colonoscopy. 

Clinical Definitions  

Polyp classification: Low-risk polyps are defined as adenomas 6-9 mm in size; high-risk polyps 

refer to advanced adenomas ≥ 10 mm. 

CRC staging: Dukes A, B, C, and D represent stages of colorectal cancer according to the Dukes 

classification system. For analysis, these are grouped as Dukes A/B and Dukes C/D. 

Calculations and Cost Adjustments: 

FIT sensitivity: Sensitivity for the 2-day FIT protocol was calculated as: 1 - (1 - single-day 

sensitivity)². 
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Currency conversion: Japanese yen values were converted to US dollars using the 2024 average 

exchange rate (US $ = ¥151.353). 

Cost adjustment: Historical cost data were adjusted to 2024 values based on the official medical 

care reimbursement revision rates from the Ministry of Health, Labour and Welfare. 

Outcomes 

QALYs represent an aggregated measure of time spent in each health state, weighted by the health 

utility value of that state. 
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Table S2. Calibration Targets, Model-Predicted Outputs, and Goodness-of-Fit 

Calibration Target (Age 40-85) Observed Target Value 
(Probability)a 

Model-Predicted 
Output 

Relative Error 
(%) 

Cumulative CRC incidence risk 0.09269 0.0921 -0.64 

Cumulative CRC mortality risk 0.0267 0.02809 +5.21 
Abbreviation: CRC, colorectal cancer. 
a Observed target values represent the expected per-person probability derived from 100,000 population-based 
estimates in the 2020 Japanese Cancer Registry and Vital Statistics. The final optimized goodness-of-fit (sum of 
squared errors) using the Bound Optimization BY Quadratic Approximation (BOBYQA) algorithm was 2.272×10-6, 
indicating an excellent model fit. 
 

Calibration Methods and Validation 

To estimate natural history parameters lacking direct epidemiological data in Japan, we performed 

model calibration using a formal goodness-of-fit optimization approach. The primary calibration 

targets were the cumulative CRC incidence risk (0.09269) and cumulative CRC mortality risk 

(0.02670) for individuals aged 40 to 85 years, converted to expected probabilities per person based 

on 2020 national statistics. We employed the Bound Optimization BY Quadratic Approximation 

(BOBYQA) algorithm to automatically search for the optimal parameter set by minimizing the 

sum of squared errors between the observed targets and model-predicted outputs. The nine 

unobservable variables estimated through this process were:  

§ Annual probability of transition from normal epithelium to low-risk polyp  

§ Annual probability of progression from Dukes A to Dukes B CRC 

§ Annual probability of progression from Dukes B to Dukes C CRC 

§ Annual probability of progression from Dukes C to Dukes D CRC 

§ Annual probability of symptomatic presentation for Dukes A CRC 

§ Annual probability of symptomatic presentation for Dukes B CRC 

§ Annual probability of symptomatic presentation for Dukes C CRC 
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§ Annual probability of symptomatic presentation for Dukes D CRC 

§ Annual probability of recurrence after treatment for Dukes D CRC 

The BOBYQA optimization achieved a minimized goodness-of fit  of 2.27×10-6. As shown in 

Table S2, the model-predicted incidence and mortality risks closely matched the observed targets, 

with relative errors of +5.2% and -0.6%, respectively, demonstrating a highly robust internal 

validation. 

Table S3. Scenario Analysis: Impact of Varying Screening Initiation Ages on Cost-Effectiveness 
and Resource Requirements 

Base Case Annual FIT Starting at 40 Biennial FIT Starting at 40 
 

Cost (per person, ¥) 408,058 451,407 
 

QALY (per person) 26.48318394 26.44046574 
 

TCS procedures (per 100,000 
persons) 

201,836 168,082 

Starting age: 45 years 
  

 
Cost (per person, ¥) 408,555 452,379 

 
QALY (per person) 26.47867546 26.40865321 

 
TCS procedures (per 100,000 
persons) 

193,136 163,146 
 

vs Annual FIT starting at 40 Dominated Dominated 
 

vs Biennial FIT starting at 40 Dominant Dominated 
Starting age: 50 years 

  

 
Cost (per person, ¥) 425,864 465,948 

 
QALY (per person) 26.44234849 26.40894644 

 
TCS procedures (per 100,000 
persons) 

178,895 152,316 
 

vs Annual FIT starting at 40  Dominated 
 

vs Biennial FIT starting at 40 Dominant Dominated 

Abbreviations: FIT, fecal immunochemical test; QALY, quality-adjusted life-year; TCS, total colonoscopy. 
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Study Design 

This scenario analysis compares costs, QALYs, and TCS requirements for screening initiating at 

ages 45 and 50 years against the base case (initiation at age 40). 

Outcomes and Metrics 

§ Costs: Represent total cumulative costs per person. 

§ QALYs: Quality-adjusted life-years gained. 

§ TCS procedures: Calculated as the total number of procedures per 100,000 population. 

Comparison Results 

§ Dominated: Indicates that the alternative screening yields fewer QALYs at a higher cost 

compared to the reference screening (Annual or Biennial FIT starting at age 40). 

§ Dominant: Denotes a screening that yields more QALYs at a lower cost than the reference 

screening. 
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