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Definition of screening

Common definition: testing to detect asymptomatic
disease

Better definition*. application of a fest to detect a
potential disease or condifion in people with no known

signs or symptoms of that disease or condifion.
- Disease vs. condition
- Asymptomatic vs. no known signs or symptoms

*Common screening fests. David M. Eddy, editor. Philadelphia, PA: American College of
Physicians, 1991
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Spectrum of screening
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Harm from screening?
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Harm from screening:
Lipid screening in childhood
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Harm from screening

Editorial | October 2016
LESS IS MORE

Lipid Screening in Children

Low-Value Care
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Excessive screening?

Nearly every body part susceptible to cancer
now has an advocacy group, politician or
athlete with a public awareness campaign to
promote routine screening tests — even
though it is well established that many of these
exams offer little benefit for the general

public.

The New York Times

FORTY YEARS' WAR; In Push for Cancer Screening, Limited Benefits
By NATASHA SINGER
Published: July 17, 2009
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Forces behind excessive screening

+ Companies selling instruments to do the test

+ Companies selling the test itself

+ Companies selling products to treat the condition

+ Clinicians who treat the condition

+ Politicians who are (or want to appear) sympathetic
+ Disease research and advocacy groups

+ Academics who study the condition

+ Clinicians doing or interpreting the test

+ Managed care organizations

+ The public
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LA ROCHE-POSAY

LABORATOIRE DERMATOLOGIQUE

IF' YOU CARE FOR SOMEBODY,
CHECK THEIR BEAUTY SPOTS.




Resombes 10 ask your doclor 1o check yourn nedk for Hyroid cancer xugu of L¥e Foundaton

e kyournect o

slide 14



slide 15

Concerned about lung cancer?

!! Carolinas

Imaging
Schedule your lung cancer screening today at 704.442.4390. n u Services
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What'’s key
to surviving
breast cancer?

B & LESS TALK. MORE ACTION.
™ Early detection saves lives. The 5-year survival rate for

- | o | . 2
¢ j:" [ .i-'l breast cancer when caught early is 98%. When it’s not? 23%.
r
: "; _-;- - I visit komen.org/getscreened or scan this code with a QR .
- J reader app on your smart phone to start making a difference. Susan G _~r
Hit 4 E s e 7 7 R
|. L Vi Facebook 200 Susan G. Komen for the Cure ’(Omenw y
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Screening as an opligation t

Enthusiasm for Cancer Screening in the US, Schwartz LM et al, JAMA 2004

Age of

Person Not

Being Screened “Do You Feel That a

W55y Person in Average Health

180y Who Did Not Have Routine
(Test) Was Irresponsible”?”

Papanicolaou Test

Mammography

Prostate-Specific
Antigen Test

Colonoscopy or
Sigmoidoscopy

0 20 40 60 80 100
% Responding “lrresponsible”
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Evaluating studies of screening

Ideal study

let's randomize and
sCreen one group

randomization quarantees
that groups are
exchangeable

not screened screened

compare mortality of ENTIRE
screened group
and ENTIRE NOT screened group

nobk screened

who got
screened?

Observational study

screened

compare mortality between
those screened and those

not screened

who was
diagnosed by
symptoms and who was
diagnosed by
screening?

rh i
'l
symptoms screened

compare mortality between those
diagnosed by screening and
those diagnosed by symptoms



Population

Mortality versus Survival

studies evaluating
screening tests

Penominator is a .
POPULATION, most of whom MOI‘fCIlIi'y

never get the disease

e.q. cancer deaths/100,000/ O

o m X
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Denominator is Po&f.eh&s
with the disease

Survival

e.q. 66% § year survival o

beware of any

!
T

using survival
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Possible Biases in Observational Studies of
Screening Test

+ Volunteer bias

+ Lead time bias

+ Length fime bias

+ Stage migration bias
+ Pseudodisease
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Volunteer Bias

who volunteers to get a
mammogram

O
gmu & v

O people who volunteer might be more educated,
o O more thterested, healthier, ete., this group is hot
O O @ representative of the population
e.g. wonain who volunteer for mammograms
have lower heart disease rakes
avoid volunteer bias:
1. randomize or

2. control for known factors (confounders)
associated with screening and outcome

people who volunteer for screening differ from those who do not
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Volunteer Bias

family history
health behaviors
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Screening e —— Higher cure rate



Volunteer Bias

Observational study

P Te Ty Tl

who volunteers to get a
mammogram
-

Al
by TTVET
people who volunteer are different

from people who do not
VOLUNTEER BIAS

sometimes also
referred to as
volunteer bias

lack of generalizability
of internally valid

resulks to obther
Poput&?:iom

RCT

0 N Y L N
MHHMH u u
o W W 2 W 2w @
T T AT

who volunteers to be in
this RCT

GRRARARRR!

resulk iMEﬁGﬂT‘MO\LLj valid
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randomization
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Lead Time Bias

no screening

Po&ieh& de.ve.l.ops Fo&ieh&
asvaEomo&:‘.c devetops pa&iem& s treatwent is
disease symptoms  diagnosed inikiaked death

| | -

L]

patient screening treabment death
devetops picks up is nikiated

as:jmpﬁcmaﬁic asvmpkomaﬁic

disease disease

screening

Screening identifies disease during a latent period before it becomes symptomatic. If survival is
measured from time of diagnosis, screening will always improve survival even if there is no
benefit of early diagnosis
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Lead Time Bias

lead time bias is only Presem& whein

o
Inl ?f’& ﬂ survival from diagnosis compared
e bebween diseased persons

® F@ a_o |¢ Ao F@ - screened vs, wob secreened
_3 X - diagnosed bj screeniing vs. bfj
svmpbms
- diagnosed at different stages

avoid lead time bias
1. measure mortality, not survival
2. count from date of randomization




Length Bias

!

debected bj
svmpﬁoms

W»ﬂ

4;«44astal|n|

i)

wﬂ.ﬂ.

secreein 1

>
secreen 2
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Prevalence = incidence x duration

Slower growing tumors have
greater duration in the pre-
symptomatic phase, therefore
greater prevalence

Screening picks up prevalent
cases, which therefore will be
disproportionately slower growing

Screen 1 and sereen 2
detect a total of 8 tumors: 5/8
have a good prognosis, 3/8 have
a bad prognosis.

Symptoms lead to detection of
2 tumors - both of them had a
bad prognosis.

Screening picks up prevalent disease, benign courses of disease have a greater

prevalence
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Length Bias

slower growing tumor
with better prognosis

1 4
A

A
A
A J

s ? N

Early detection _— Higher cure rate
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Length Bias

_;'I"Lﬂ_ length bias is ohly present when

o survival from diagnosis is compared
'N"E AND disease is heterogeneous

wl-ﬂ- iy e lead time bias usu.atl.v Fresen& as well

N»ﬂ.
ittt o

avoiding length bias:

,4g|i;’mn

compare mortality in the ENTIRE screened group
to the ENTIRE unscreened group

>
screen 1 screen 2

i
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“Even if you are on the right track, you will get
run over 1f you just sit there”
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Will Rogers Phenomenon

The Will Rogers phenomenon: Stage migration and new diagnostic techniques as a
source of misleading statistics for survival in cancer, Feinstein AR et al, NEJM 1985

When the Okies left Oklahoma and moved to

California, they raised the average intelligence
level in both states.

- Will Rogers



BW strata

Normal birth
welahl

Low birth

wetahb

\1@.1‘3 Llow
birth weiaht

Mortality numbers are mock up numbers

Birth weight strata and Factor X

Factor X absent
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Mortality 1%

Mortality 3%

Mortality 5%

Factor X present
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What happened? Is tactor X good or bad?

Mortality 0.5%

Mortality 2%

Mortality 4%
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Newer tests classify people into more advanced stages. Stage specific
survival improves.



=Y
=
=
=
=\
=)

-

—\

Stage Migration Bias

{ ™
Q (it
\( -
$O
q |l W ) the harder you Loolk for disease, and
\r ) the more advanced the F:echhotogj the
q ?’ ) higher the Pre_vatemae, the higher the
\, . stage, and the better the
q 3 (ayparen&)aa&come for the stage
\\( L e © s
>rtieily

avoid stage migration bias
1. beware of stage migration in any stratified
analysis: check OVERALL survival in screened vs.
unscreened group
2. more generally do not stratify on factors distal in a
causal pathway to the factor you wish to
evaluate
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Summary

Volunteer bias o how to avoid

people who volunteer ]l O . * randomize people to screened and unscreened
for screening differ ]] * otherwise, try to control for factors (confounders)
from those who do associated with both screening and outcome

not j

Lead time bias how to avoid

@)
©

screening identifies
disease during a latent ]
period before it becomes
symptomatic - screening
appears to improve
survival

&%’& . * measure mortality and not survival
d * count from date of randomization

=ije

o

)

D 1 ==l ==

©

—@

n)
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o

Length bias how to avoid

screening picks up s * compare mortality in the ENTIRE screened group

preyalent disease and R "-W'I"ﬂ to the ENTIRE unscreened group
benign courses of >

® ®© o 6 0 O
. o lehie : abhicabiah b ok A (&
disease have a greater INRMARMMY wwwww

prevalence .
L R S ww n

\ 4

J

T how to avoid

.

Stage migration bias heatthy B G B 0l i

newer tests classify ( 1 B (D\\@m G ] * pbeware of stage migration in any stratified

. stage 1 )
people into more > . analysis
advanced stages - stage 2 | q * check OVERALL survival in screened vs.

stage specific . N @ unscreened group
survival improves. stage 3 | ] .\

stage 4 :Mw’II‘M j wm\? 'ﬂw ’N’I|"I|"||'j

. )

J




Length bias

screening picks up
prevalent disease and
benign courses of
disease have a greater
prevalence
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A special case of Length Bias!

how to avoid

,,,,, . o > * compare mortality in the ENTIRE screened group
! 'n"n') _ﬂ_ to the ENTIRE unscreened group
iidipitdd
B ]

Psedodisease or Qverdiagnosis

Overdiagnosis is sort of like length bias. That is, the disease would NEVER have become

symptomatic if it had not been diagnosed by screening.
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Pseudodisease or Overdiagnosis

no screening

Po& tent deve.i.o!os
asvmpﬁomaﬁc
“disease”

l | feel great!

| am very old!
Like 95!

@ wb.ﬂ.
Tl P
]

time

Fo&iem& screening treabtwment

devaLoPs picks up is inikiated

r.}s-jmpko:na&c asymptomatic | Without screening, |
“disease “disease” | am so lucky that

would have died of that “disease”
way earlier! | am so grateful for this
screening.

screening this “disease” got picked up by

screening, this treatment is working
great!

Pseudodisease is a condition that looks just like the disease, but never would have bothered
the patient
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Pseudodisease or Overdiagnosis

DT i e

two types of pseudodisease:

Type 1: disease which would hever cause symptoms
Tfj[ae. R: Fre.dimicai. disease i [ae.o[aie who will die from
another cause before disease Preseh&s

in an INDIVIDUAL TREATED PATIENT
it is IMPOSSIBLE to distinguish pseudo
disease from successfully treated
asymptomatic disease

1. Treating pseudo disease will
always be successful

2. Treating pseudo disease can only cause

harm

i
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LA ROCHE-POSAY

LABORATOIRE PHARMACEUTIQUE
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Pseudodisease or Overdiagnosis

Moynihan et al., BMJ 2012;344:€3502

&y .

Melanoma
25

20

15

10

Rate per 100 000 people
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Pseudodisease or Overdiagnosis

Moynihan et al., BMJ 2012;344:€3502

Thyroid cancer
%_ 12
Z New diagnoses
o - = = Deaths
S 9
o
o
o
o |
g 6
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Mayo Lung Project: an RCT

Marcus et al., JNCI 2000;92:1308-16

standard group

G= ¥ ¥ i ¥ ¥ b
W follow up
i | | I I I >
-------------- e o
randomization 6 years 20 years
5
G § § § & § § & & 9§ § 9§ & 9§ & ® 9§ ¥
%ﬂ@@@@@@@%@@@@@@@@@@ followup
I O T A A T T A VA T T A T

intervention group



Mayo Lung Project: Results

Marcus et al., JNCI 2000;92:1308-16
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Intervention (n=206)

| S
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1.0]
0.97
0.8
0.7]
0.6
0.5
0.4
0.3]
0.2]
0.1]
0.0’

Resected, early-stage
disease

Intervention (n=83, d=35)

Late-stage or
unresected disease

Intervention (n=123, d=98)

T T T T T T T T T T T
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22,5 25.0

Years since diagnosis

What happened?



Mayo Lung Project: Resulis

Marcus et al., JNCI 2000;92:1308-16
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Bias of screening tests in RCT

+ Poor quality of randomization
+ Poor choice of outcome variable:
cause specific mortality
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Poor quality of randomization

Edinburgh Trial
Br J Cancer. 1994 September; 70(3): 542-548

Randomization by practice (N=87¢), not by
woman
/ practices changed allocation status
Highest SES
+ 26% of women in control group
+ 53% of women in screening group
26% reduction in cardiovascular mortality in
mammography group
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Cause-specific mortality: Sticky diagnosis bias

| screened these
patients. Patient A, C, D and E
have cancer.

Patient A and E died from cancer.
Patient C also must have died from cancer, since he
was diagnosed with it previously. | have no clue
what patient F died from.

Overall mortality is 4/6

i §
symptomatic ° Cause specific mortality is 3/6
/O AT > >
0 A -
B >
found dead in bed, no
> o= autopsy
c > |=| [+]
D : > *
symptomatic
[ )
E > * >
.ﬂ. found dead in bed, no
O L autopsy
&l "=
| ; I These patient are all

completely asymptomatic, | will
follow them clinically

Patient A and E died from
cancer. | have no clue what
patient C and F died from.

R Overall mortality is 4/6
| I
Cause specific mortality is 2/6

Overestimation of cause-specific mortality due to incorrect assignment of cause of death. Can be avoided
by measuring all cause mortality.
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Cause-specific mortality: Slippery linkage bias

| screened these
patients. Patient A, C, D and E
have cancer, we need to start
treatment.

Patient A died from cancer despite
treatment, patient C’'s cancer was gone at the end,
he died from something else, no clue what it is.
Patient F died in an accident.

st
| -7 Overall mortality is 3/6
'
®7 () s .
v B ﬁ? z C ifi tality is 1/6

Y » % »w ause specific mortality is

A >
o O
* > i)
i -9 °
c r > — n
*4«}@ 5 o
L T

Overall mortality is 3/6

Actually, patient C might not
have had the heart attack except for
the radiation

--¢
o

Cause specific mortality is 2/6

Underestimation of cause-specific mortality due to incorrect assignment of cause of death. Late
deaths due to complications of screening or treatment will not be counted in cause-specific mortality.
Can be avoided by measuring all cause mortality.
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Cause-specific mortality: Slippery linkage bias

Early Breast Cancer Trialists Collaborative Group
Meta-analysis of radiotherapy for early breast cancer
Lancet 2000;355:1757

+ Meta-analysis of 40 RCTs

+ Central review of individual-level data; N = 20,000

+ Breast cancer mortality reduced (20-yr absolute risk
reduction 4.8%; P = .0001)

+ Mortality from other causes increased (20-yr absolute risk
increase 4.3%; P = 0.003)
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Summary: Outcome variable and biases

survival mortality

w ] ]
A1 AR, STt s

je—
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= O

stratified survival overall survival cause-sp.ecmc overall mortality
mortality
m 58 i > )
q\m | . - -y
NS EERRE X T S -
@ it ] i 9fxlxia . M
M\- i =0
sEaga migration bias lead time bias sticky-diagnosis bias
'?? > gl ;'i‘n
it - 7> >l
itiiig = > — %}

length bias slippery-linkage bs’,as
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Summary

Volunteer bias . Pseudodisease

people who volunteer ]‘ . condition that looks ﬂ Y n
for screening differ } ® just like the disease, | ] b

from those who do ]‘ but never would >

not w gz\t/i(znbtothered the m _@ c i i %ng & n

Lead time bias Sticky diagnosis bias
screening identifies . ~ T8 ﬂ overestimation of cause- m > > Wﬂ @
disease during a latent [17 Y. T. specific mortality due to >
period before it # w - > incorrect assignment of ’ *==la
becomes symptomatic . - cause of death : >
- screening appears to yp : ) — R—bh“ N -
improve survival l S h o 'n' . . wﬂ -
i "F=la

Length bias PR Slippery linkage bias  _, .

VWA EMEENEEmeEmE e e - : ,..}; °
screening picks up > underestimation of cause- - > "I'n o
prevalent disease and 2 i i o e 2 specific mortality due to I— e >t

’n‘m £ £

benign courses of ' ,.ﬂ. incorrect assignment of cause ,@' ! 7 > > a )
disease have a greater TGl [ ”“”'I"I"l"i"i"l' of death [ 7— > — |

prevalence

it g i

Stage migration bias (o) [
ge mig healbhy | i i i 1l i %M;P\ EELE

newer tests classify stage 1 : O\f@l f

people into more —_————a v

advanced stages - stage 2 Q

stage specific o alal ) @ \E::

survival improves. stage 3 | TR7RT 0 ) I
FORTTITTER X ST




