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Meta-analyses: UK Independent

2012 Lancet

Average effect:

20% mortality reduction







Fallacy in BC mass screening
2. Breast Cancer mixed: diagnosed before screening 

program, but  died after program implementation

BMJ, 2010

前導期偏差(lead-time bias)

Lead-time period

With an average follow-up of 2.2 years

1. Short follow-up time: without lead-time consideration

Jørgensen et al., 2009

Mixed up lead-time and over-detection



Norwegian Study
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Zahl et al, Arch Intern Med. 

2008;168:2311-2316



Survival of Breast Cancer, Darlana, Sweden
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Zero-inflated Poisson regression model and overdiagnosis rate
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Variable
RR/OR (95% 

CI)
P-value

Count part RR
Intercept

Size, mm 0.015

10-14 vs. 1-9 3.69(0.76-18.01)

15-19 vs. 1-9 3.85(0.80-18.53)

20-29 vs. 1-9 10.26(2.27-46.33)

30+  vs. 1-9 9.45(2.01-44.49)

Node  (+) vs. (-) 2.40(1.30-4.45) 0.005

Grade 3 vs 1/2 1.62(0.94-2.79) 0.080

Surgery MA vs. BCS 1.92(0.95-3.88) 0.071

Triple Negative Yes vs No 2.49(1.36-4.59) 0.003

Chemotherapy Yes vs. No 0.79(0.42-1.47) 0.456

Radiotherapy  Yes vs. No 1.23(0.60-2.53) 0.568

Tamoxifen    Yes vs. No 0.95(0.94-1.64) 0.847

Zero part OR
Intercept

Detection mode 0.041

SD vs. RF 2.38(0.97-5.85)

IC vs. RF 1.23(0.48-3.17)
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𝑃𝑟(Y = y; 𝜇, 𝜋)

=

𝜋 + 1 − 𝜋 𝑒−𝜇 𝑤ℎ𝑒𝑛 𝑦 = 0

1 − 𝜋
𝑒−𝜇𝜇𝑦

𝑦!
𝑤ℎ𝑒𝑛 𝑦 = 1,2,3…

Zero Part: Logistic regression for 𝝅

Count Part: Poisson regression for 𝝁

 = 56.14%

SD: 66.4%  Overdiagnosis, 8.9%

IC: 50.5%     Awareness, 2.9%

RE: 45.4%  ➔ Treatment effect



QUANTIFY THE 
PROPORTION OF 
OVERDIAGNOSIS

DETERMINISTIC APPROACH



Natural disease progression and overdiagnosis

invited

arm

control

arm

R

Cumulative incidence 

Time since randomization

Population
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X+Y歲時出現症狀

Y=∞

不會有症狀



Curved method  by comparing cumulative incidence of cancer 

Screen

Works!

cancer
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Upper limit
All overdetetion

arise from 

Non-advanced cancer

(Long follow up time)

Lower limit
All detected cancer 

became advanced 

cancer(no overdetection)

Chen et al.,2017 
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Non-advanced cancer

advanced cancer



Assessing overdetection in breast cancer screening using data on 

randomized controlled trial

Chen et al.,2017 Medicine
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QUANTIFY THE PROPORTION 
OF OVERDIAGNOSIS

STOCHASTIC APPROACH



STOCHASTIC APPROACHES FOR OVERDIAGNOSIS

1.Progressive Markov Model 

2.Coxian Phase-Type Markov Process

3.Mover-Stayer Model



Progressive Markov Model

Randomized 

Controlled Design Projected

Screen

arm

(Expected)

C(t)

control

arm

(Observed)

D(t)

RPopulation
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three-state Markov model

PCDP is unobservable in the control arm!



Parameters UK (Nottingham) Demark (Funen) Taiwan

Incidence rate

(Normal→PCDP ) (per person-year)

0.00147

(0.00136, 0.00159)

0.00172

(0.00155, 0.00189)

0.00096

(0.00085, 0.00107)

Progression rate

(PCDP →Clinical) (per year)

0.3475 

(0.2437, 0.4513)

0.4433 

(0.3226, 0.5639)

0.1858

(0.0488, 0.7068)

Sensitivity of PCDP CRC 53.40% 

(34.26%, 69.55%)

52.05% 

(35.53%, 68.56%)

82.23% 

(46.82%, 96.05%)

Estimated results on the transition rates of CRC based on three-state Markov model

*CRC: colorectal cancer   PCDP: pre-clinical detectable phase
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Study Expected CRC, C(t)
Observed CRC, 

D(t)
SOR (%) (95% CI)

Nottingham, UK 931.26 856 8.79%(8.28,9.65)

Funen, Denmark 528.06 483 9.33%(8.81,10.20)

Taiwan
3656.63 3416 7.05%(6.56,7.89)

Estimated results on standardized Over-detection ratio (SOR) based on the three-state Markov 

model and expected and observed frequencies of colorectal cancer for control group. 
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Coxian Phase-Type Markov Process
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Applying the concept of cured model:

𝑆 𝑡 = 𝑆𝑃 𝑡 ∙ 𝜋 + 𝑆𝑁𝑃 𝑡 ∙ 𝜋0

For exponentially distributed random variable 

𝑒𝑥𝑝 −𝛼1 ∙ 𝑡 = 𝜋 ∙ 𝑒𝑥𝑝 −𝛼1
𝑃 ∙ 𝑡 + 𝜋0

➔ 𝜋0 =
𝑒𝑥𝑝 −𝛼1∙𝑡 −𝑒𝑥𝑝 −𝛼1

𝑃∙𝑡

1−𝑒𝑥𝑝 −𝛼1
𝑃∙𝑡



Estimated natural history of breast cancer with and without consideration 

of over-detection, Swedish Two-County Trial (Kopparberg) 1977-1985

➔ 𝜋0 = 2.6%



(B)

Fig. Diagrams of Markov models of natural 

history and prognosis of prostate cancer for 

lead-time, length bias, and overdetection 

adjustment.

(A) A Markov model combining the natural 

history and prognosis of prostate cancer. 

The model is also the same with the one 

for the progressive prostate cancer, 

“mover“. 

(B) A Markov model for the non-

progressive prostate cancer, “stayer“. 

White arrows denote the direct 

observation from the follow-up. Dotted 

arrows denote the unobserved 

transitions which decomposed the 

observed survival time into lead-time 

and post-lead-time survival time. OST: 

observed survival time; LT: lead-time; 

PST: post lead-time survival time.

Mover-Stayer Model for Over-detection



Estimated progression rates (per year) of prostate cancer cases, adjusted for both 

lead time and length bias, Finnish randomized controlled trial, 1996–2005.
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Adjusted for both lead-time and length bias with piecewise method (overdetection,
40.45%), including non-progressive cancer

Adjusted for both lead-time and length bias with piecewise method (overdetection,
40.45%), progressive prostate cancer only*

Clinically-detected cases (Corrected for focal cancer)

Results. Finish PSA screening for prostate cancer

The estimated proportion of over-detection was 40.45% by using a mover-stayer model

Wu et al, 2012 Biom J.



 Small tumor has a lower sensitivity than large tumor 

 The proportion of overdiagnosis would be increased when the 
proportion of small breast tumour among screen-detected 
cases increase

Impact of downstaging of breast tumor due to 

mammography screening on sensitivity and over-detection 
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Screen Group (M-U + U-M) RR=1.13 (0.94-1.35)

Eligible 

Population

Randomization
M U M U

U M U M

Control Arm

N=20,040

N=20,087

N=39,563 M: Mammography

U: Ultrasound

Overdiagnosis with mammography in Taiwan
based on the Taiwanese randomized controlled trial for young women
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Total Incidence of breast cancer

Risk-based vs CBE: 

RR=0.97 (95% CI: 0.92-1.03)

Mammography vs CBE: 

RR=1.13 (95% CI: 1.08-1.18)

2016 JAMA Oncology

Overdiagnosis with mammography in Taiwan
based on the Taiwanese Population-based service screening



Conclusion

• The estimated proportion of over-diagnosis cases is affected 

by lead-time, sensitivity, and changing incidence, which causes 

the large disparity of over-detection. 

• We clarified the estimation of over-diagnosis by the 

application of stochastic approaches taking three factors into 

account.

• Attention to over-diagnosis should be paid given a full-grown 

mature screening program.



THANKS FOR YOUR 
ATTENTION!
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