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Methods for Quantifying Overdiagnosis in Cancer Screening
XIA Chang-fa, CHEN Wan-qing

(National Cancer Center/National Clinical Research Center for Cancer/Cancer Hospital, Chinese
Academy of Medical Sciences and Peking Union Medical College, Beijing 100021, China)

Abstract: Overdiagnosis is a key issue in evaluating the benefits and harms of cancer screening.
However, there is a lack of studies on overdiagnosis in cancer screening from China, as it is diffi-
cult to quantify the overdiagnosis accurately. This article gives the definition of metric for measur-
ing overdiagnosis in cancer screening; comprehensively introduces three major approaches used to
quantify overdiagnosis internationally; and presents six methods to set unscreened control popula-
tion according to study design. Data requirements, application conditions, strengths and limita-
tions of above methods are compared and analyzed. The article also provides some reference cases
and suggestions to guide the good practices for choosing appropriate methods to obtain the unbi-
ased estimates of overdiagnosis from cancer screening.
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Figure 1 Venn diagram illustrating the overdiagnosis
in cancer screening
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Table 1 Methods to quantify overdiagnosis in cancer screening

ltem

Excess incidence approach

Lead time approach

Average lead time

Lead time distribution

Natural history modelling

Data required

Application
conditions

Applicable
cancers

Strengths

Limitations

Reference cases

Cancer incidence in
screened population

Cancer incidence in
unscreened population

Long-term follow-up after
cessation of screening (=
lead time) or the screening
strategy remains
unchanged for a long time

Excess and drop need to be
estimated in individuals
with equal participation
rates and risk of cancer

No opportunistic screening
(no contamination)

Screenings that focus on
detecting early cancer (e.g.
lung, breast and prostate
cancer)

Proxy assessment, i.e. does
not require estimate or
distribution of lead-time

Needs long follow-up (while
the exactly time not known)

Patz, 2014";
Miller, 20141

Cancer incidence in
screened population

Cancer incidence in
unscreened population

Mean lead time estimate

Lead-time is a fixed
estimate

Lead time is estimated
from symptomatic
cancers

First screening round (i.e.
prevalent round) is
often excluded from
analyses, because the
incidence of first round
is not steady

Screenings that focus on
detecting early cancer
(e.g. lung, breast and
prostate cancer)

Direct assessment, i.e.
does not require long-
term follow-up

Approximate estimates of
natural history (lead
time) are needed

Underestimation due to
the exclusion of the
first screening round

Zackrisson, 2006,
Kalager, 2012

Cancer incidence in
screened population

Cancer incidence in
unscreened population

Distribution of lead time

Exponential distribution
of lead time

Lead time is estimated
from symptomatic
cancers

No competing mortality

Screenings that focus on
detecting early cancer
(e.g. lung, breast and
prostate cancer)

Direct assessment, 1i.e.
does not require long-
term follow-up

Approximate estimates of
natural history (lead
time) are needed

Paci, 2006"%;
Beckmann, 2015"

Age-specific cancer
incidence in unscreened
population

Competing mortality (or
approximate by all-cause
mortality)

Clinical data (stage
distribution)

Screening performance
(sensitivity and specificity
by stage)

Define model structure on
natural history and screen
detectability

Model needs to be calibrated
using epidemiological data

All cancer screenings,
especially those focus on
detecting precancerous
lesions (e.g. cervix and
colon cancer)

Parameters from different
sources can be synthesised

Screening scenarios can be
set flexibly

Approximate estimates of
natural history are needed

Modelis complex and may
lack transparency

Many parameters and
uncertainties may
accumulate

Seigneurin, 201117;

Ten, 20201,

Brenner, 2015!";

Sroczynski , 2020
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Scenario 1 :one-time screening,
lead time=2 years , overdiagnosis=0

— Clinically diagnosed cases

— Screening detected cases

Scenario 2 :one-time screening,
lead time=2 years , overdiagnosis=20%
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Figure 2 Schematic diagram illustrating the excess incidence approach(adapted from Etzioni,20132")
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Table 2 Methods to obtain unscreened reference population

Item

Randomized controlled
trial

Cohort and case-control
study

Ecological study

Methods for control

Screened population

Unscreened popula-
tion

Application condi-
tions

Strengths

Limitations

Reference cases

Control group

Intervention group

Control group

Individual or
comparable cluster
randomization

No contamination and
high adherence

Long-term follow-up

Based on individual
data

RCT design represents
the highest chance for
a comparable
reference

Limited generalizability

Screening contamination
and non adherence

Long-term follow-up
data not available for
most trials

Patz, 2014,
Miller, 20141,
Zackrisson, 2006

Non attenders

Persons actually screened
(ever screened)

Non attenders (never
screened)

No selection biases
Long-term follow-up

Based on individual data

Potential for selection bias

Due to the lead time,
person-years of screened
population are slightly
underestimated thus
overdiagnosis may be
slightly overestimated

Johns, 2017/,
Falk, 20132

Control region

Persons invited for
screening in screened
region

Persons in unscreened
region

Screened and
unscreened regions
are comparable

No opportunistic
screening in the
unscreened region (no
contamination)

Optional adjust for time
trends simultaneously

Unadjusted factors may
differ between
screened and
unscreened regions

No longer possible to
find an absolute
unscreened region

Njor, 20131,
Kalager, 2012

Pre-screening trend

Persons invited for
screening

Pre-screening trends
extrapolate to the
screening period

Cancer incidence
remains unchanged if
no screening

Diagnostic ability
remains unchanged

Easy to perform

Projected cancer
incidence in
unscreened
population depends
onmodel used

Uncertainty in
extrapolation of the
pre-screening trend

Park ,20165";

Jorgensen, 2009

Not invited

Persons invited for
screening

Persons not invited to
screening (non-target
birth cohorts or ages)

No opportunistic
screening in the
unscreened
population (no
contamination)

Cancer incidence in
reference cohorts or
ages are (or could
adjust to) comparable

Easy to perform

Different birth cohorts
may incomparable

Potential for
opportunistic
screening (screening
contamination)

Zahl, 2004,
Autier, 20178

APC model

Cancer incidence in
screened population

Expected cancer
incidence in screened
population by
adjusting the
screening effect

Cancer incidence in
screened and
unscreened
population differs
only by the effect of
screening

Screening participation

Effect of different
phases of screening
on cancer incidence
is constant, otherwise
use phases of
screening as an
explaining variable

Cancer incidence in
screened and
unscreened
population differs
only by the effect of
screening

Without consideration of
many other
contributed factors ,
the model is too
simple to explain the
cancer incidence,
model estimates may
not be robust

Ripping, 2015%;

Heinivaara, 20142
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