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Abstract Background: Overdiagnosis of invasive breast cancer (BC) is a contentious issue.

Objective: The aim of this paper is to estimate the overdiagnosis rate of invasive BC in an or-

ganised BC screening program and to evaluate the impact of age and follow-up time.

Methods: The micro-simulation model SiMRiSc was calibrated and validated for BC

screening in Flanders, where women are screened biennially from age 50 to 69. Overdiagnosis

rate was defined as the number of invasive BC that would not have been diagnosed in the

absence of screening per 100,000 screened women during the screening period plus follow-

up time (which was set at 5 years and varied from 2 to 15 years). Overdiagnosis rate was calcu-

lated overall and stratified by age.

Results: The overall overdiagnosis rate for women screened biennially from 50 to 69 was 20.1

(95%CI: 16.9e23.2) per 100,000 women screened at 5-year follow-up from stopping screening.

Overdiagnosis at 5-year follow-up time was 12.9 (95%CI: 4.6e21.1) and 74.2 (95%CI: 50.9
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e97.5) per 100,000 women screened for women who started screening at age 50 and 68, respec-

tively. At 2- and 15-year follow-up time, overdiagnosis rate was 98.5 (95%CI: 75.8e121.3) and
13.4 (95%CI: 4.9e21.9), respectively, for women starting at age 50, and 297.0 (95%CI: 264.5

e329.4) and 34.2 (95%CI: 17.5e50.8), respectively, for those starting at age 68.

Conclusions: Sufficient follow-up time (�10 years) after screening stops is key to obtaining un-

biased estimates of overdiagnosis. Overdiagnosis of invasive BC is a larger problem in older

compared to younger women.

ª 2022 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC

BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Population-based mammographic screening has been

implemented in most high-income countries to reduce

breast cancer-specific mortality [1]. While population-

based mammographic screening has the potential to
achieve up to 40% breast cancer-specific mortality

reduction, one of the most concerning harms in breast

cancer screening is overdiagnosis [1]. Overdiagnosis of

breast cancer refers to the detection of breast cancers

that would not have been diagnosed in the absence of

screening [2].

Overdiagnosis has gained increasing attention in the

past decade, along with the advocacy for informed
decision-making based on both the benefit and harms of

breast cancer screening [3,4]. Studies on overdiagnosis in

general combine invasive breast cancer and ductal car-

cinoma in situ (DCIS) [5e7]. Although there is agree-

ment that screen-detected DCIS contributes to

overdiagnosis [8], the estimation of overdiagnosis of

invasive breast cancer remains a contentious issue. The

published data on the proportion of overdiagnosed
invasive breast cancers range from �0.2% to 54%

[2,9,10]. Among the many explanations for this wide

range of estimates are as follows: the applied denomi-

nator of the proportion of overdiagnosed cancers [11],

different tumour growth velocities [12], varying breast

cancer background incidence [13] and the follow-up time

used in the analysis [11,14]. When screening is initiated,

short-term breast cancer incidence will rise since many
cancers are found earlier than they would have been

without screening [12]. Therefore, to properly estimate

overdiagnosis, it is necessary to have a sufficiently long

period of follow-up time to compensate for this lead

time effect [11,14]. In general, overdiagnosis is reported

as one estimate for a whole population [5,6,9,15e20].

This is also the case in studies where overdiagnosis was

informed as one estimate to all individual women to help
them make informed decisions [3,4]. However, over-

diagnosis is likely to be different for women in different

age groups given the different breast cancer incidence

rate and tumour growth rate [21,22].

Therefore, the aim of this study was to quantify the

overdiagnosis of invasive breast cancer for women who
were screened biennially from age 50 to 69 in the

population-based breast cancer screening program in

Flanders and to quantify the influence of age and

follow-up time on overdiagnosis rate. In this study, we

focused on the estimation of overdiagnosis of invasive

breast cancer in a screened population, overall, as well

as for women at different ages.
2. Methods

2.1. Breast cancer screening in Flanders

In Flanders, a population-based breast cancer screening

program has been implemented since 2001 [23]. Every 2

years, women aged 50e69 with no history of breast

cancer in the last 10 years are invited to screen by

mammography unless they actively opt-out [24].
2.2. The SiMRiSc model: description, input,

outcomes and validation

The micro-simulation model SiMRiSc [25] was applied

to the population-based breast cancer screening pro-

gram in Flanders and has been previously described in

detail [25e28]. A virtual cohort of women was created

and followed from birth. Every woman was assigned an

age of death based on data of the life expectancy of
women in Flanders [29,30]. For each woman, the

probability of developing invasive breast cancer and the

age at clinical diagnosis were derived from the invasive

breast cancer incidence rate of women in Flanders [29].

A normal distributed breast cancer incidence risk and a

log normal distributed clinical (self-) detection risk were

assumed characterised by the distribution (geometric)

mean and standard deviation. The tumour growth pa-
rameters and the tumour size at clinical self-detection

were determined from literature [21,31]. For each

woman who had incident breast cancer, an age-

dependent tumour volume doubling time was sampled

from a log-normal distribution and applied in an

exponential tumour growth model to determine the in-

dividual tumour growth history [26]. During the

screening period, developing invasive breast cancers

http://creativecommons.org/licenses/by/4.0/
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could be detected by mammography. The model used a

screening sensitivity based on tumour size and breast

density [32,33], where breast density was modelled as a

function of age [34e36]. The risk of tumour induction

due to ionising radiation from mammography was also

considered based on the relative risk model described in

the BEIR7 report [37]. Tumours that became clinically

evident by self-detection between screening rounds were
assigned as interval cancers. The preclinical period of a

tumour was defined as the time the tumour developed

from a minimal screen-detectable tumour diameter of

5 mm until it became clinically evident by self-detection

[21]. Women with a screen-detected or self-detected

invasive breast cancer were removed from the

screening and assigned a breast cancer-specific death

probability based on tumour diameter at diagnosis,
which was based on the relative survival of breast cancer

patients in the Belgian Cancer Registry (BCR) [29]. All

other women stayed in the screening until the end of the

screening or death.

All input parameters were derived from literature and

data from the BCR and Statistics Belgium (Table S1),

who also have access to reimbursed-based screening

data. The incidence and relative survival rate of breast
cancer for women of all ages from 2000 to 2017 were

provided by the BCR. The all-cause mortality for

women of all ages from 2000 to 2017 was provided by

Statistics Belgium.

The model was validated by comparison of

modelled outcomes to the empirical 95%CI of the

observed data from the BCR and the Center for

Cancer Screening (CvKO) in the first and second
screening round. The outcomes used for comparison

include the number of screen-detected and interval

breast cancers and the size distribution of the screen-

detected breast cancers in the first and second

screening round from the year 2015. For model vali-

dation, the screening was simulated for women who

started biennially screening between 50 and 69 years of

age until age 69. The outcomes of the model were
calculated for each birth cohort and subsequently

calculated for the four age groups 50e54, 55e59,

60e64 and 65e69 years of age and standardised per

1000 screened women.

2.3. Quantification of overdiagnosis

Based on the above-noted formulation of the SiMRiSc

model, a cohort was modelled from birth to death. To

get an overall estimate of overdiagnosis, the simula-

tion was performed for the biennial screening in a

cohort for women who were screened biennially from

age 50 to 69. As a control, the same cohort was
created without screening and followed during lifetime

for the incidence of breast cancer or death. In this

control cohort, all observed cancers were clinically

diagnosed.
Overdiagnosed cancers were defined as invasive

cancers detected by screening that would not have

presented clinically during the screening period and

the follow-up time after screening stops. We calculated

the number of overdiagnosed invasive breast cancers

by comparing the number of diagnosed invasive can-

cers in a screened cohort to the number of diagnosed

invasive cancers in a control cohort from the start of
screening to the end of follow-up. The proportion of

overdiagnosed cancers was defined as the number of

overdiagnosed breast cancers divided by the number of

screen-detected and interval cancers in the screened

cohort, in which the interval cancers were defined as

the breast cancers diagnosed between the current

screening age and the next scheduled screening age in 2

years. Furthermore, as shown by many papers, the
proportion of overdiagnosed cancers is strongly

influenced by what is used as a denominator [11,38].

Therefore the absolute number of overdiagnosed can-

cers per 100,000 screened women was also calculated.

The follow-up time was included because, in the

screened cohort compared to the control cohort, more

breast cancers will be diagnosed during screening and

less breast cancers will be diagnosed after screening
stops.

To evaluate the effect of age on overdiagnosis,

simulation was also performed in single birth cohorts

in which the screening start age varied by every 2

years from 50 to 69 and screened only once for

each birth cohort. To evaluate the effect of preva-

lence mammography at age 50, the probability of

overdiagnosis conditional to having had one,
two and three negative mammograms was also

simulated.

For all simulations, the follow-up time was varied

from 2 to 15 years after the screening. For each cohort, a

100% screening uptake was applied, and 10 iterations

were performed. The mean and 95% confidence interval

(CI) of the overdiagnosis rate were calculated from the

10 iterations.

2.4. Sensitivity analysis

The robustness of the outcomes of the model was

evaluated in a univariate sensitivity analysis, where
the upper and lower limit of the 95%CI of the input

parameters was applied. The impact of low partici-

pation was also tested in the sensitivity analysis.

Screening participation of 50% was evaluated

where the probability of being screened was 50%

for a woman in the last 2 years. As the baseline esti-

mate for the sensitivity analysis, the overdiagnosis

rate for women screened once from age 50 with 5-
year follow-up time was used. For simplicity, one

iteration was performed in the sensitivity analysis.

The sensitivity analysis results were summarised in a

tornado plot.
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3. Results

3.1. Validation of the model

The simulated number of screen-detected breast cancers

corresponded well with the observed data, albeit with a

slight overestimation in the younger age groups of

50e54 and 55e59 (Table 1). The simulated number of

interval breast cancers in the second screening round
was also slightly overestimated, whereas the simulated

number of interval breast cancers in the first screening

round corresponded well with the observed data. The

simulated size distribution of the diagnosed breast can-

cers corresponded well with the observed values in the

first and second screening round for all age-groups with

a slight underestimation of large-sized cancers (>2 cm)

in the second screening round.
3.2. Estimation of overdiagnosis

The overall overdiagnosis rate of invasive breast cancer

for women screened biennially from 50 to 69 was 20.1

(95%CI: 16.9e23.2) per 100,000 women screened at 5

years of follow-up time, whereas overdiagnosis was 40.5

(95%CI: 36.0e45.0) and 17.8 (95%CI: 15.2e20.4) per

100,000 women screened for 2 and 15 years of follow-up

time, respectively (Table 2). The overall proportion of
overdiagnosed cancers decreased from 5.4% (95%CI:
Table 1
Results of the model validation. Comparison between the simulated

and observed data.

Observed 95%CIa

(Flanders data)

Simulated

Number of screen-detected tumours (per 1000 screenings)

The first screening round

50e54 4.7 (4.0e5.5) 4.4

55e59 7.3 (4.6e10.1) 5.6

60e64 9.8 (5.5e14.1) 6.2

65e69 12.1 (6.5e17.7) 7.8

The second screening round

50e54 2.9 (2.3e3.5) 4.0

55e59 3.8 (3.3e4.3) 4.5

60e64 5.4 (4.7e6.0) 5.1

65e69 6.4 (5.7e7.1) 6.1

The tumour size distribution of screen-detected breast cancer

First screening round

<1 cm 24.2% (17.3%e31.0%) 21.9%

1e2 cm 43.6% (35.7%e51.6%) 46.9%

>2 cm 32.2% (24.7%e39.7%) 31.3%

The second screening round

<1 cm 28.5% (25.1%e31.8%) 25.9%

1e2 cm 48.9% (45.2%e52.6%) 55.9%

>2 cm 22.7% (19.6%e25.8%) 18.5%

Number of interval cancers (per 1000 screenings)

After the first

screening round

3.5 (2.9e4.1) 3.1

After the second

screening round

2.6 (2.3e2.8) 2.9

a Data source: The Belgian Cancer Registry [29]. Index year: 2015.
4.8%e6.1%) to 2.4% (95%CI: 2.0%e2.8%) for 2 and 15

years of follow-up time, respectively (Table 2).

Overdiagnosis rate at 5 years of follow-up time was

12.9 (95%CI: 4.6e21.1) and 74.2 (95%CI: 50.9e97.5)

per 100,000 women screened for women who started

screening at age 50 and 68, respectively (Table 3).

For women screened at age 50, overdiagnosis rate at

2 years of follow-up time was 98.5 (95%CI: 75.8e121.3)
and decreased to 13.4 (95%CI: 4.9e21.9) per 100,000

women screened at 15 years of follow-up time (Table 3).

Similarly, overdiagnosis rates for women at older

screening start ages (52, 54, ., 68) all decreased with

longer follow-up time. Overdiagnosis rate was higher for

older women than younger women (Table 3). Over-

diagnosis rate for women diagnosed at age 50 was 98.5

(75.8e121.3) and 13.4 (4.9e21.9) at 2 and 15 years of
follow-up, respectively. For women diagnosed at age 56

who had three negative mammograms, overdiagnosis

rate decreased to 30.6 (23.4e37.8) and 7.9 (3.5e12.4) at

2 and 15 years of follow-up, respectively (Table 4).
3.3. Sensitivity analysis

The sensitivity analysis showed that the overdiagnosis

rate was most sensitive to the mean tumour volume

doubling time and varied between 5.6 and 33.3 per

100,000 screened women when set at the lower and

upper 95%CI limit, respectively (Fig. 1,Table S2).

However, the tumour volume doubling time of women

older than 70 only had a minor effect on overdiagnosis

rate. A smaller mean size of self-detected tumours, a
lower lifetime risk of developing breast cancer, and 50%

uptake were associated with a decreased overdiagnosis

rate.
4. Discussion

In this study, after the simulation model was successfully

calibrated and validated to population-screening in

Flanders, we found an overdiagnosis rate of 17.8 inva-

sive breast cancers per 100,000 women screened bien-

nially from age 50 to 68, at a follow-up of 15 years after

screening stops. Overdiagnosis was overestimated at
40.5 per 100,000 women screened using insufficient

follow-up time of 2 years. Overdiagnosis rate for women

who started screening at age 68 was nearly three times

higher than for women who started screening at age 50.

In addition, for women of different ages at commence-

ment of screening, overdiagnosis decreased with longer

follow-up and stabilised at 10-year follow-up. The esti-

mated overdiagnosis rate was most sensitive to changes
in tumour volume doubling time, the size of self-

detected tumours and lifetime risk of developing breast

cancer.

Our model showed lower overdiagnosis rates for

invasive breast cancer with longer follow-up time for all



Table 2
Mean and 95%CI of the number of screen-detected and interval cancer, the number of overdiagnosed breast cancer and the overdiagnosis rate of

women who were screened biennially from age 50 to 69 with follow-up time after screening stops varied from 2 to 15 years.

Follow-up time

after screening

stops at age 69

Number of

overdiagnosed

breast cancers

Number of

screen-detected

breast cancers

Number of

interval breast

cancers

Number of

mammograms

performed

Overdiagnosis rate

(per 100,000 women

biennially screened)

Proportion of

overdiagnosed

cancersa

2 years 326 (291e361) 3657 (3556e3758) 2323 (2213e2433) 804,033

(802,351e805,715)

40.5 (36.0e45.0) 5.4% (4.8%e6.1%)

3 years 232 (202e261) 28.8 (24.9e32.7) 3.9% (3.3%e4.4%)

4 years 186 (161e210) 23.1 (19.9e26.3) 3.1% (2.7%e3.6%)

5 years 162 (137e186) 20.1 (16.9e23.2) 2.7% (2.2%e3.1%)

10 years 144 (129e158) 17.8 (16.0e19.7) 2.4% (2.1%e2.7%)

15 years 143 (123e163) 17.8 (15.2e20.4) 2.4% (2.0%e2.8%)

a Denominator of the proportion: the number of screen-detected plus the number of interval breast cancer.
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birth cohorts. In previously published studies, for a

follow-up time of 10 years or more, the published pro-

portion of overdiagnosed invasive breast cancers are

generally low, in the range of 1.0%e3.0% in observed
data [17,39] and 0.4e4.6% in modelling studies [15,38],

which is comparable to our model estimated proportion

of overdiagnosed invasive breast cancers of 2.4% at 15

years of follow-up time. For a follow-up time of 5 years,

the published proportion of overdiagnosed invasive

breast cancers vary between 14.7% and 56% in observed

data [16,19], which is higher than our model’s estimated

proportion of overdiagnosed cancers at 5 years of 2.7%.
The large variation of published data at short follow-up

time epitomises the impact of the population charac-

teristics and the definition of overdiagnosis; however,

the decreased overdiagnosis at longer follow-up time

shows the dominant role of the length of follow-up time

on the estimation of overdiagnosis in breast cancer

screening program.

We found that overdiagnosis was nearly three times
higher in women who started screening at age 68

compared to women who started screening at age 50.

This observation is new, as overdiagnosis is commonly

reported as a point estimate for a whole screened pop-

ulation, independent of age [5,6,9,15e20]. There are

some potential explanations for the more pronounced

effects of overdiagnosis of invasive breast cancer with a

shorter follow-up time in older women. Older women
Table 3
Estimates of the mean and 95%CI of the number of overdiagnosed breast c

after screening stops for women with different screening start age.

Screen

start age

2 years 3 years 4 years

50 98.5 (75.8e121.3) 44.6 (34.1e55.1) 21.6 (10.8e3

52 107.9 (94.1e121.6) 47.6 (36.3e59.0) 20.3 (12.5e2
54 121.1 (104.4e137.8) 53.6 (39.8e67.3) 24.9 (16.5e3

56 138.2 (113.4e162.9) 60.8 (49.1e72.5) 28.4 (16.3e4

58 139.0 (112.8e165.1) 58.8 (42.2e75.3) 27.6 (15.2e3

60 148.8 (131.3e166.4) 70.1 (54.1e86.1) 37.4 (23.3e5
62 167.6 (144.0e191.3) 82.3 (64.2e100.5) 47.4 (34.8e5

64 186.3 (157.0e215.7) 95.4 (73.0e117.8) 62.9 (48.4e7

66 239.1 (196.0e282.2) 155.9 (126.2e185.6) 119.2 (98.7e
68 297.0 (264.5e329.4) 176.7 (144.0e209.3) 110.2 (80.9e
have a higher breast cancer risk and a lower average

breast cancer growth rate compared to younger women

[21,22]. Because of this higher risk, the incidence is

higher among older women and more screen-detected
tumours will be found, and because of the lower

growth rate, these tumours are less likely to become

symptomatic without screening and are more likely to be

overdiagnosed. Moreover, older women are more likely

to die of competing causes of death such as heart dis-

ease, other cancers and external causes [40,41] than

younger women. Therefore, compared to younger

women, older women are less likely to be diagnosed with
breast cancer during follow-up time after screening stops

due to higher risk of competing causes of death and are

thus more likely to become overdiagnosed with breast

cancer. Change in life expectancy was accounted for in

the simulations since life expectancy is incorporated in

our model.

We also found that overdiagnosis rate decreased with

more previously negative mammograms, and was most
evident for prevalence mammography. This is in line

with a previous publication from the UK [42]. A

strength of this study is that we applied and validated an

already existing and validated model with input pa-

rameters that were independently derived from pub-

lished sources. The model enabled the estimation of

overdiagnosis rate via a per woman comparison of

women in a screened and unscreened situation. Our
ancers per 100,000 women screened once at different follow-up times

5 years 10 years 15 years

2.4) 12.9 (4.6e21.1) 12.3 (5.3e23.0) 13.4 (4.9e21.9)

8.1) 12.1 (6.5e17.8) 12.1 (5.3e19.0) 12.4 (5.5e19.2)
3.5) 15.5 (7.4e23.7) 12.3 (7.5e17.1) 13.4 (6.6e20.3)

0.5) 16.8 (5.2e28.3) 13.2 (5.5e20.9) 16.4 (3.2e29.6)

9.9) 16.1 (6.6e25.6) 12.3 (5.3e19.4) 14.0 (6.1e22.0s)

1.6) 24.2 (13.1e35.2) 17.1 (9.3e25.0) 16.6 (9.8e23.5)
9.9) 32.9 (18.8e47.0) 21.8 (12.4e31.2) 22.5 (14.5e30.5)

7.3) 51.0 (36.4e65.6) 22.8 (9.1e36.4) 21.8 (11.8e31.8)

139.8) 76.0 (56.2e95.9) 31.9 (16.8e47.0) 29.0 (19.1e38.9)
139.6) 74.2 (50.9e97.5) 36.7 (20.6e52.9) 34.2 (17.5e50.8)



Table 4
Overdiagnosis conditional on having had one, two and three negative mammograms. Numbers are per 100,000 women biennially screened with

follow-up time after screening stops varied from 2 to 15 years.

Follow-up time

after screening

stops

Overdiagnosed breast cancers per 100,000 women biennially screened conditional to number of prior negative screens

Age 50 Age 52 after one

negative mammogram

Age 54 after two

negative mammograms

Age 56 after

three negative mammograms

2 years 98.5 (75.8e121.3) 50.9 (40.9e61.0) 37.2 (31.3e43.0) 30.6 (23.4e37.8)
3 years 44.6 (34.1e55.1) 23.6 (17.7e29.4) 18.4 (14.5e22.3) 15.8 (12.4e19.2)

4 years 21.6 (10.8e32.4) 10.9 (7.1e14.6) 9.0 (6.8e11.1) 8.8 (5.1e12.7)

5 years 12.9 (4.6e21.1) 10.7 (6.1e15.3) 11.5 (8.4e14.5) 10.2 (5.9e14.5)

10 years 12.3 (5.3e23.0) 7.8 (4.1e11.6) 8.8 (5.3e12.2) 9.1 (6.4e11.8)
15 years 13.4 (4.9e21.9) 7.6 (4.2e10.9) 7.4 (3.5e11.3) 7.9 (3.5e12.4)

L. Ding et al. / European Journal of Cancer 173 (2022) 1e96
estimates can give quantified evidence of overdiagnosis

related to the detection of invasive breast cancers by

screening and can also quantify the impact of the length

of follow-up time on the magnitude of overdiagnosis

related to invasive breast cancers. Moreover, our esti-

mated overdiagnosis rates were robust for most model

input parameters.

This study has some limitations. First, the number of
screen-detected breast cancers was underestimated in

older age groups in the first screening round. This can be

caused by an underestimation of the tumour doubling

time in older women. The validation results also showed

that the simulated number of screen-detected breast

cancers was overestimated for younger age groups in the

second screening round. This overestimation can be

caused by overestimation of tumour doubling time in
young women or an overestimation of tumour size at

symptoms in this young age-group, or both. The slight

underestimation of large-sized cancers in the second

screening round could be related to our age dependent

tumour volume doubling time model. An underestima-

tion of the variance of cancer growth might cause an

underestimation of large-sized cancers. Second, our es-

timate of overdiagnosis was most sensitive to a change
in tumour volume doubling time in women aged 50e70

years old. In our model the tumour growth was

modelled as an exponential growth with a log-normal

distribution around a mean growth rate per age group.

Although the growth characteristics resemble the

observed age dependent growth rate of breast cancer

[21], only one mean growth rate was used per age group.

Extension of our growth model with distributions
around slow, medium and fast growing tumours might

therefore yield a more accurate estimation of over-

diagnosis in breast cancer screening. Third, we assumed

a 100% uptake of screening for our estimation, which is

less likely to happen in population screening programs.

This is because we aim to quantify overdiagnosis of

invasive breast cancer from the perspective of women

who will participate in the screening. The over-
diagnosis rate with lower screening uptake is expected

to be lower than our estimates, which has been verified

in the sensitivity analysis. Due to these limitations,

point estimates of overdiagnosis rate should be
interpreted as approximations because of the inherent

uncertainties of the microsimulation approach. Our

results are particularly useful to test multiple scenarios

that otherwise would be impossible to test in an

observational study.

Overdiagnosis is recognised as the most serious

harmful effect of screening [1,12]. It leads to unnecessary

physical and mental burden and potential overtreatment
of women who would not have been diagnosed with

breast cancer in the absence of screening [1,12]. Since

overdiagnosis is caused by the detection of cancer that

would not have been diagnosed if not screened, the

surge of detected cancers in a short term will be largely

compensated by long term follow-up time. Therefore, a

long follow-up time is needed to accurately estimate

overdiagnosis [11,14]. As pointed out in some studies,
the extent of overdiagnosis is overestimated if follow-up

time is shorter than the maximum lead time [11,43]. Our

results verify that the overdiagnosis rate decreases in the

first 5 years of follow-up. Furthermore, we found that

for women who started screening from all different ages,

overdiagnosis rates are overestimated with insufficient

follow-up time. In addition, the overdiagnosis rate in all

ages stabilised at follow-up longer than 10 years.
Therefore, overdiagnosis of invasive breast cancer

should be estimated with at least 5 years of follow-up

and estimates with 10 years or longer follow-up will be

optimal. For women who started screening at older age

(60þ), a sufficient follow-up is even more important

than for younger women because overdiagnosis of

invasive breast cancer is a higher problem for older

women compared to younger ones.
Future efforts are needed to estimate overdiagnosis

caused by DCIS. Although there is general consensus

that DCIS is an important cause of overdiagnosis,

accurate estimation of overdiagnosis from DCIS is

difficult, mainly because of the lack of definitive evi-

dence about the probability of progression to invasive

breast cancer - this is likely less than 40% [44]. In

addition, the longer lead time of DCIS compared to
invasive cancer entails different estimation ap-

proaches of the two entities [18]. These considerations

led to our focus on invasive breast cancer in this

study.



Fig. 1. Sensitivity analysis of overdiagnosis parameters set at lower and upper 95%CI limit.

L. Ding et al. / European Journal of Cancer 173 (2022) 1e9 7
5. Conclusion

Overdiagnosis rates from breast cancer screening are

accurately estimated if a sufficient follow-up duration

(10 years or longer) is used after screening stops. The
risk of an overdiagnosed invasive breast cancer is < 1

in 1000 biennially screened women aged 50e69 with a

10-year follow-up time after screening stops. Over-

diagnosis of invasive breast cancer is a larger problem

for older women compared to younger women. Over-

diagnosis decreased with more previously negative

mammograms, suggesting that regular biennial

screening optimises trade-off between benefit and
harms (specifically overdiagnosis), no screening avoids

overdiagnosis but removes benefit, whereas screening

irregularly maintains the harms but reduces potential

benefit.
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[40] Riihimäki M, Thomsen H, Brandt A, Sundquist J, Hemminki K.

Death causes in breast cancer patients. Ann Oncol 2012;23(3):

604e10. https://doi.org/10.1093/ANNONC/MDR160.

[41] Afifi AM, Saad AM, Al-Husseini MJ, Elmehrath AO,

Northfelt DW, Sonbol MB. Causes of death after breast cancer

diagnosis: a US population-based analysis. Cancer 2020;126(7):

1559e67. https://doi.org/10.1002/CNCR.32648.

[42] Duffy SW, Vulkan D, Cuckle H, et al. Effect of mammographic

screening from age 40 years on breast cancer mortality (UK Age

trial): final results of a randomised, controlled trial. Lancet Oncol

2020;21(9):1165e72. https://doi.org/10.1016/S1470-2045(20)30398-

3/ATTACHMENT/78B7104D-3A69-4063-9858-BDF6B0

C6889A/MMC1.

[43] Neal CH, Helvie MA. Overdiagnosis and risks of breast cancer

screening. Radiol Clin North Am 2021;59(1):19e27. https:

//doi.org/10.1016/J.RCL.2020.09.005.

[44] Cowell CF, Weigelt B, Sakr RA, et al. Progression from ductal

carcinoma in situ to invasive breast cancer: revisited. Mol Oncol

2013;7(5):859e69. https://doi.org/10.1016/J.MOLONC.2013.07.005.

https://doi.org/10.1007/978-3-642-13666-5_55
https://doi.org/10.1007/978-3-642-13666-5_55
https://doi.org/10.1177/0962280217734583
https://doi.org/10.2214/AJR.173.6.10584815
https://doi.org/10.1001/JAMA.1996.03540010035027
https://doi.org/10.1001/JAMA.1996.03540010035027
https://doi.org/10.2214/AJR.10.6049
https://doi.org/10.2214/AJR.10.6049
https://doi.org/10.17226/11340
https://doi.org/10.1093/epirev/mxr009
https://doi.org/10.1016/J.EJCA.2009.06.014
https://doi.org/10.1093/ANNONC/MDR160
https://doi.org/10.1002/CNCR.32648
https://doi.org/10.1016/S1470-2045(20)30398-3/ATTACHMENT/78B7104D-3A69-4063-9858-BDF6B0C6889A/MMC1
https://doi.org/10.1016/S1470-2045(20)30398-3/ATTACHMENT/78B7104D-3A69-4063-9858-BDF6B0C6889A/MMC1
https://doi.org/10.1016/S1470-2045(20)30398-3/ATTACHMENT/78B7104D-3A69-4063-9858-BDF6B0C6889A/MMC1
https://doi.org/10.1016/J.RCL.2020.09.005
https://doi.org/10.1016/J.RCL.2020.09.005
https://doi.org/10.1016/J.MOLONC.2013.07.005

	Overdiagnosis of invasive breast cancer in population-based breast cancer screening: A short- and long-term perspective
	1. Introduction
	2. Methods
	2.1. Breast cancer screening in Flanders
	2.2. The SiMRiSc model: description, input, outcomes and validation
	2.3. Quantification of overdiagnosis
	2.4. Sensitivity analysis

	3. Results
	3.1. Validation of the model
	3.2. Estimation of overdiagnosis
	3.3. Sensitivity analysis

	4. Discussion
	5. Conclusion
	Author contributions
	Funding
	Conflict of interest statement
	Conflict of interest statement
	Acknowledgements
	Appendix A. Supplementary data
	References


