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Evolution of Breast Cancer Prevention



Biases in the Evaluation for Service Screening Program



Breast Cancer Timeline

Free of BC
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Clinical (CP)→ →
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Observed screen-detected case

Corrected post-lead time survival of 5-state model, assuming 100% sensitivity and specificity

Corrected post-lead time survival of 5-state model, relaxing sensitivity and specificity

Corrected post-lead time survival of 7-state model, assuming 100% sensitivity and specificity

Corrected post-lead time survival of 7-state model, relaxing sensitivity and specificity

Observed clinically-detected case

RR=0.43 (95% CI: 0.33-0.56)
RR=0.55 (95% CI: 0.41-0.71)
RR=0.67 (95% CI: 0.47-0.89)
RR=0.70 (95% CI: 0.52-0.89)
RR=0.70 (95% CI: 0.52-0.89)
RR=1.00

Hsiu-Hsi Chen , Amy Ming-Fang Yen & Laszlo Tabár (2012): A Stochastic Model for Calibrating the 
Survival Benefit of Screen-Detected Cancers, JASA, 107:500, 1339-1359

Estimating the Benefits of Universal Screening Program



Is it Possible to Evaluate Screening Program 
Dispensing with Data from the Entire Cohort?

Aims
1. Estimate progression rates from 

normal mucosa to carcinoma
2. Estimate malignant transformation 

after polypectomy
3. Assess the effectiveness of 

polypectomy
4. Compare progression by adenoma size 

and histological type
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Without considering 
de novo cancers
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Sampling Scheme for Colorectal Neoplastic status 

Part I
Estimating of Parameters Associated 

with Disease Natural History
(Expected)

2.9% 11.3% 15.3%

Sampling Fraction

Part II 
Malignant Transformation 

Rate After Polypectomy

(Observed)

Considering
de novo cancers



Aims

• Extent the non-standard case-
cohort design from cross-sectional 
study to follow-up study

• Incorporation measurement error in 
the model 

• Elucidate multistate disease 
progression

• Assess the state-specific effect of 
subject-specific characteristics with 
efficiency



Data on population-based screening for colorectal cancer in Taiwan

Interval Cancer
694

Follow up

Free of CRC
1158390

Free of CRC
328475

Prevalent 
screen

Subsequent 
screenPCDP

2494
PDCP

195

Normal PCDP Interval cancer

Frequency (%) Frequency (%) Frequency (%)

Prevalent screen
Overall 1158390 (99.8) 2494 (0.2) -

Male 444937 (38.4) 1347 (54.0) -
Age ≧ 60 442793 (38.2) 1424 (57.1) -

Subsequent screen
Overall 328475 (99.7) 195 (0.06) 694 (0.21)

Male 110862 (33.8) 99 (50.8) 340 (49.0)

Age ≧ 60 168966 (51.4) 130 (66.7) 214 (30.8)



Baseline 
incidence rate

Baseline 
progress rate

β1
(Male vs Female)

Sensitivity

β2
(Age >=60 vs <60)

Unbiased Estimates for Disease Evolution Parameters using 
Sampled Data of Empirical CRC Screening Data



Unbiased Estimates for Disease Evolution Parameters using 
Sampled Data of Simulated Breast Cancer Data



Evaluation for Population-based Service Screening Program: Self-Selection Bias



Poisson Regression model for full adjustment (Self-selection, Period, Age) RR: 0.59

Tabar: Mammography service screening and mortality in breast cancer patients: 20-year follow-up before and after introduction of screening. Lancet 2003



Wu JC et al. Evaluation of breast cancer service screening programme with a Bayesian approach: mortality analysis in a Finnish region. Breast Cancer Res Treat. 2010 Jun;121(3):671-8. 



Wu JC et al. Evaluation of breast cancer service screening programme with a Bayesian approach: mortality analysis in a Finnish region. Breast Cancer Res Treat. 2010 Jun;121(3):671-8. 

Unbiased Estimate of Breast Cancer Screening Benefit in Pirkanmana



Bayesian Model for Self-selection Bias Adjustment
Evaluation of breast cancer service screening program with a Bayesian approach: mortality analysis in a Finnish region

Wu JC et al. Evaluation of breast cancer service screening programme with a Bayesian approach: mortality analysis in a Finnish region. Breast Cancer Res Treat. 2010 Jun;121(3):671-8. 



Taiwan CRC screening program
2004-2023

Real World Data

• 6.3 million individuals screened

• 17.5 million FITs performed

• (ascertain 104,052 advanced adenomas 
and 33,909 CRCs)

6.9%

70%

Note that the 
program has 

extended to 45-
49 age group in 

2025

Chiu et al, Long-term effectiveness of faecal immunochemical test screening for proximal and distal colorectal cancers 2021 Gut
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Thank you for your attention 


