ESTIMATINGOVERDIAGNOSIFROM TRIALS AND
POPULATIONS

OVERCOMING CHALLENGES, AVOIDING MISTAKES




NAVIGATING THE METHODS MINEFIELD

A Goal: establish conditions for valid estimatiorowérdiagnosis

A Excess incidence or the empirical approach
A Clinical trialsd continuousscreen and stofscreen
A Population studies
A Published studies

A Modelling approach
A The idea of modelling
A Prerequisites for modelling
A Published studies



HOW INCIDENCE EVOLVES INTHE PRESENCE OF SCREENING

Lead time | Overdiagnosis Cancer incidence . ] .
[ screen detection [] clinical detection A InCIdence pattern aft%creenlng
. starts:
+30 - .
1 year o A Incidenceexcesses+) followed
100 20 w0 o0 0 by correspondingleficits(-)
TN 0 0 0 A Excessescreening pulls cases
0 0 Jear from the future
150 3 A Deficits cases screen detected
o +20 no longer in prevalent pool
2 years 0% A0 +10
0 o\ P A Note: Bump in incidence observed
P R even if there is nmverdiagnosis

Screening begins



TWO APPROACHES TO ESTIMATINGVERDIAGNOSIS

SYMPTOM VERSUS CAUSE

A Excess incidence A Modeling approach

A Empirically based A Learn about latent disease process

A Calculate incidence with screening A Superimpose screening and derive
minus incidence without screening Implications foroverdiagnosis




GETTING EXCESS INCIDENCE RIGHTCLINICAL TRIALS

1. CONTINUED SCREEN TRIAL

Hypothetical Se’[’[ing: screen arm receives tests in all years
control arm receives no tests
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Overdiagnosis calculator =

Home
In the Trial setting equal numbers of individuals are randomized to a screen or control arm. Latent disease onset ocours at a constant rate. The

preclinical duration follows a uniform distribution. The control arm receives no screen tests, so control arm incidence matches latent onset in
this arm. The screen arm begins screening in year 1. The empirical difference between screen and control arm incidence can provide an
unhiased estimate of the number of overdiagnoses cases under 2 conditions. (1) The difference is based on cumulative incidence if the screen

Trial setting

Population setting arm stops screening and on annual incidence if the screen arm continues sereening. (2) The difference is calculated after screening stabilizes plus
the maximum preclinical duraticn.

Help

Input parameters Disease incidence
Arm size;
-
10,000 100,000 30 o
— o
- =
. 0 >
1,00 2000 41,00 61,000 a0 100,000 20 = 5
§
. 7] ® * - s =
Annual rate of onset: L 10 3 : : -
@
— S
( J
"y E ﬂ
oo 00201 00401 00501 oo 0 h
@
9 200-
Range of preclinical durations: =
=]
B B 20 = 150 g
([ —— ) c
-~ - 100+ =
o] 2 4 ] a 1z 14 15 hE2 R 1] =
@
- mgm 0 Eﬂ il
Episode sensitivity:
LR ) m 1 'D T

o ) 0o 1 2 3 4 5 6 7 8 9 10 11 12

ool 011 021 031 041 051 051 071 o0&l o0&l 1

Years of follow-up

https://rgulati.shinyapps.io/calculator/



THE PROBLEMWITH CUMULATIVE EXCESS INCIDENCE

Cases detected under screea'ing
|

. | |
A What we know Screening interval
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' Corresponding cases in the absence of screening

Cases detected under screeniig
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A What we observe Screening interval

] |
' Corresponding cases in the absence of screening

In the continued-screen setting cumulative excess incidence will be greater than zero even if NO overdiagnosis!



GETTING EXCESS INCIDENCE RIGHTCLINICAL TRIALS

11. STOP SCREEN TRIAL

Hypothetica| Setting: screen arm receives 4 tests
control arm receives no tests
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POPULATIONSTUDIES

A Background incidence generally not availéate control group
A As in clinical trial® cumulative excess incidence is persistently biased
A Annual excess inciden@uwait until screening stabilizes plus n@eclinduration
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Overdiagnosis calculator

Home

In the Population setting latent disease onset ccours at a constant rate and the preclinical duration follews a uniform distribution. Initially,
hefore sereening starts, the model projects disease incidence in steady state, so that diagnosis without sereening matches latent onset in the
population. Annual sereening begins in segments of the population at specified starting years. The empirical differencs between annual
incidence with and without screening provides an unbiased estimate of overdiagnosis after screening stakilizes plus the maximum preclinical
duration.

Trial setting

Population setting
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CONDITIONS FORVALID EMPIRICAL ESTIMATES OF

OVERDIAGNOSIS

Cumulative excess incidence
A Continuedscreen trials and population settings: persistently biased
A Stopscreen trials: wait until end of screening interval plus maximum preclinical duration

Annual (point) excess incidence
A Continuedscreen trials: unbiased at end of maximum preclinical duration
A Stopscreen trials: unbiased at end of screening interval plusprectinduration
A Population setting: unbiased at end of screening stabilization plupnein duration

A In all cases: take note of denominator used in calcul@wegdiagnosis




EUROPEAN RANDOMIZED STUDY OF SCREENING FOR PROSTAT

CANCER

Screening and Prostate-Cancer Mortality
in a Randomized European Study

Fritz H. Schroder, M.D., Jonas Hugosson, M.D., Monique J. Roobol, Ph.D.,
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2009 9 58%
2012 11 55%
2014 13 49%



CANADIAN NATIONAL BREAST SCREENING STUDY

A Cumulative excess incidence
A Stopscreen trial

Cumulative incidence of invasive cancers

Trialarm N
Years 15 Years 110  Years 125
Mammography+CBE 44,925 666 1180 3250
CBE only 44,910 524 1080 3133
Excess cancers in mammography a 142 100 117
Excessamongd84 screen detections 29% 21% 24%

\ ) \ )
| |

CNBSS Includes years after trial screens
Miller et al, BMJ, 2014



CANADIAN NATIONAL BREAST SCREENING STUDY

Table 3
CNBSS participants by province, years participated, and year organized provincial screen-
ing programs commenced

Most provin ces started Province CNBSS Years participants Year provincial
) participants

SCreehing programs svon Number Percent Entered Completed Program

after trial screens ended CNBSS  CNBSS commenced
Alberta 9536 10.6 1984-85 1988 1990
British Columbia 9365 104 1883-85 1987-88 1988
Manitoba 10094 11.2 1981-84 1985-88 1995
Nova Scotia 6782 7.6 1983-85 1987-88 1991
Ontario 31972 35.6 1980-85 1984-88 1990
Quebec 22095 24.6 1980-85 1984-88 1998
Total 89835 100.0 1980-85 1984-88 -

Baines et aPrevMed, 2016



CANADIAN NATIONAL BREAST SCREENING STUDY

Cancers detected

2000

1600+
1200+
800+

400+

0
2000+
1600+
1200+

800+

400+

Invasive only

Mammography+CBE

A=103

Mammography+CBE

CNBSS 5 10 15 20

Years post CNBSS screening

2000

1600-
1200-
800-

400 -

0
2000+
1600~
1200-

800-

400-

Invasive + in situ

Mammography+CBE

A=138

Mammography+CBE

A=115

CNBSS 5 10 15 20

Years post CNBSS screening

40-49

50-59

More screening in
.~ mammography arm
after trial screens?



PROSTATE CANCER INCIDENCE INTHE US POPULATION
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Figure 2. Excess (or deficit) in the number of men diagnosed with

prostate cancer relative to 1986.

Prostate Cancer Diagnosis and Treatment After
the Introduction of Prostate-Specific Antigen
Screening: 1986-2005

H. Gilbert Welch, Peter C. Albertsen

Sincel 986, an estimated additional 1 305
600 men were diagnosed with prostateer
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A Background incidence imputed based pn
Incidence in years prior tgcreening




BREAST CANCER INCIDENCE IN THE US POPULATION
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ORIGINAL ARTICLE

Eftect of Three Decades of Screening
Mammography on Breast-Cancer Incidence

Archie Bleyer, M.D., and H. Gilbert Welch, M.D., M.P.H.
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FIGURING OUT BACKGROUND INCIDENCE CAN BE HARD!
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<  Medical management of BPH —

TURPS rates (for BPH) rising
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