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Background: The recommendation for the implementation of mammography screening in women aged 45–49 
and 70–74 is conditional with moderate certainty of the evidence. The aim of this study is to simulate the long- 
term outcomes (2020–50) of using different age range scenarios in the breast cancer screening programme of the 
Valencia Region (Spain), considering different programme participation rates. Methods: Three age range scen
arios (S) were simulated with the EU-TOPIA tool, considering a biennial screening interval: S1, 45–69 years old (y); 
S2, 50–69 y and S3, 45–74 y. Simulations were performed for four participation rates: A¼ current participation 
(72.7%), B¼þ5%, C¼þ10% and D¼þ20%. Considered benefits: number (N�) of in situ and invasive breast 
cancers (BC) (screen vs. clinically detected), N� of BC deaths and % BC mortality reduction. Considered harms: 
N� of false positives (FP) and % overdiagnosis. Results: The results showed that BC mortality decreased in all 
scenarios, being higher in S3A (32.2%) than S1A (30.6%) and S2A (27.9%). Harms decreased in S2A vs. S1A (N� FP: 
236 vs. 423, overdiagnosis: 4.9% vs. 5.0%) but also benefits (BC mortality reduction: 27.9% vs. 30.6%, N� screen- 
detected invasive BC 15/28 vs. 18/25). In S3A vs. S1A, an increase in benefits was observed (BC mortality reduction: 
32.2% vs. 30.6%), N� screen-detected in situ B: 5/2 vs. 4/3), but also in harms (N� FP: 460 vs. 423, overdiagnosis: 
5.8% vs. 5.0%). Similar trends were observed with increased participation. Conclusions: As the age range 
increases, so does not only the reduction in BC mortality, but also the probability of FP and overdiagnosis.
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Introduction

I
n 2020, there were 2 million new cases of breast cancer (BC) and 
600 thousand deaths were caused by this disease worldwide.1 In 

Spain, it is the second most common type of tumour in women and 
the second leading cause of cancer deaths in this population group.2
Due to the high incidence and mortality of BC, it is a significant 
public health problem and international organizations are joining 
forces to prevent the burden of this disease and ensure that it is 
diagnosed at an early stage.

Breast cancer screening programmes (BCSP) are the main strat
egy implemented to facilitate the early diagnosis of cancer. BCSP 
vary between European countries due to differences in the organ
ization of healthcare services and the available resources.3 The BCSP 
of the Valencia Region (BCSP-VR) in Spain was established in 1992. 
This organized programme targets asymptomatic women aged be
tween 45 and 69 who are invited to take part in biennial mammog
raphy screening.4

BCSP are aimed at a large asymptomatic population and must 
therefore ensure that the benefits and harms are appropriately bal
anced, in accordance with the recommendation of European 
Guidelines.5 One of the main long-term benefits is a reduction in 
BC mortality due to an increase in the number of early-stage BC 
diagnosed in screening.5

Overdiagnosis and false positives are the most common harms 
associated with BCSP. Overdiagnosis is one of the main harm, 
defined as the diagnosis of an asymptomatic tumour that would 
never have been detected without screening. On the other hand, 
false positives are lesions that are histologically confirmed to be 
benign following a positive screening test.5

The BCSP participation rate, which is the number of women who 
undergo the screening test as a proportion of the total number of 
women invited,5 is a key aspect in the quality of screening. In order 
to achieve the expected benefits, European recommendations estab
lish an acceptable participation level of >70% or a desired level of 
�75% for BCSP.5 The BCSP-VR has a participation rate of 72.7% 
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and therefore meets the acceptable targets established by European 
recommendations.

The European Commission Initiative on Breast Cancer6 supports 
biennial mammography screening in the context of an organized 
screening programme for women aged between 50 and 69 as a 
strong recommendation with moderate certainty of the evidence. 
According to this guideline, this is the most suitable and cost- 
effective scenario. Mammography screening is not recommended 
in women aged 40–44, while the recommendation is conditional 
with moderate evidence in women aged 45–49 and 70–74.

In the case of women aged 40–49, some studies observe an in
crease in benefits when this population group is included, namely a 
decrease in mortality and the number of advanced cancers.7,8

Sch€unemann et al.9 demonstrate that these benefits are seen to a 
greater degree in women aged 45–49 than in women aged 40–44. 
However, an increase in the number of false positives was also 
observed in women aged 40–49, but to a lesser extent in women 
aged under 44.9 Nonetheless, not all studies observe this trend.7

It has also been observed that including women aged 70–74 in 
BCSP entails a decrease in mortality and the number of advanced 
cancers.9,10 However, an increase in overdiagnosis and false posi
tives was also observed in this age group.11

To be able to assess the impact of different age groups on breast 
cancer screening, the aim of this study is to simulate the long-term 
outcomes of different age range scenarios in the BCSP-VR consid
ering different programme participation rates.

Methods

Study design
This is a long-term impact simulation study (2020–50) of three 
screening scenarios considering different programme participation 
rates. The study area is the Valencia Region (Spain).

The EU-TOPIA evaluation tool
The EU-TOPIA evaluation tool was used to perform this study. The 
aim of this tool is to estimate the impact of possible changes in a 
BCSP, such as the target population, the screening interval or the 
participation rate on benefits and harms.12

The EU-TOPIA evaluation tool (https://miscan.eu-topia.org), 
developed as part of the European EU-TOPIA project (https://eu- 
topia.org/), is based on the Microsimulation Screening Analysis 
(MISCAN) model.13,14 This model allows simulating individual 
life events with and without breast cancer and in the presence or 
absence of screening or treatment, taking into account the natural 
history of the disease. Simulated live events include birth, the onset 
of a pre-clinical ductal carcinoma in situ (DCIS), transitions between 
disease states, participation in screening, and the onset of screen- 
detected or clinical detected cancers.3

Data and information sources
In order to obtain long-term estimates that reflect the characteristics 
and situation of each country, the tool uses demographic and epi
demiological information (BC incidence and mortality by age group 
in two periods [1981–85 and 2010–15], survival by stage, and an 
estimation of the population size in 2018–50 by age group), as well 
as screening information (size of the target population, invited and 
screened population as a proportion of the total population and by 
screening history [initial screening, successive screening], screening 
outcomes, additional assessments, final result, lesion type, treatment 
type and interval cancers). These data are collected and uploaded to 
the tool in an Excel Data Template.

For this study, demographic and epidemiological information on 
women from the Valencia Region (VR) between 2010 and 2015 was 
collected from the Spanish National Statistics Institute15 and the 
Valencia Region’s Oncological Information System. Screening 

information was obtained from BCSP-VR records relative to 2016, 
which, in turn, are taken from the programme’s specific information 
system. In 2016, the overall participation was 72.7%, distributed 
between the different age groups as follows: 67.9% in women aged 
45–49, 72.0% in women aged 50–54, 73.9% in women aged 55–59, 
76.6% in women aged 60–64 and 75.8% in women aged 65–69.

This study was approved by the Research Ethics Committee of the 
General Directorate of Public Health and the Advanced Public 
Health Research Centre (CEI DGSP-CSISP) on 26 November 2020 
(reference: 20201126/07).

Screening scenarios
We simulated three scenarios (S). S1 represents the current target 
population of the BCSP-VR (women aged 45–69). S2 simulates the 
results for women aged 50–69, which implies excluding women aged 
45–49. Finally, S3 simulates the results for women aged 45–74, 
which implies including women aged 70–74. Each of these scenarios 
was simulated for four different BCSP-VR participation situations: 
A¼ current participation (from 2016), B¼Aþ 5%, C¼Aþ 10% 
and D¼Aþ 20% (A¼ 72.7%; B¼ 77.7%; C¼ 82.7%; D¼ 92.7%).

Impact indicators
Impact indicators for the 2020–50 period were estimated in women 
aged between 40 and 100 for each S. Firstly, incidence and mortality 
for each year of the study period were estimated. Subsequently, the 
number (N�) of screening mammograms and the N� of additional 
assessments were estimated. The following screening benefits were 
estimated: N� of screen-detected in situ and invasive BC vs. N� of 
clinically detected cases, N� of deaths due to BC and % reduction in 
BC mortality. The harms were the N� of FP and the % overdiag
nosis. Further synthetic indices were also estimated, such as the N�
of screening tests per prevented death and the N� of false positives 
per prevented death.

The results of the S with different participation situations were 
compared, and S1 (women aged 45–59) with the current participa
tion rate (A) from 2016 was taken as the baseline.

Results
The estimated population aged between 40 and 100 was 1,487 000 
in 2020.

Raw breast cancer mortality and incidence
Figure 1 shows the raw incidence of BC in the VR, estimated for 
each year from 2020–50 in accordance with the three simulated 
screening scenarios., Differences in the BC incidence trend are 
observed among the scenarios, with S2 showing an increase between 
2020 and 2025 and S3 a marked decrease during this same time 
period. From 2025 onwards, the incidence shows a similar trend 
across all scenarios, estimated at a rate of 100–110 (per 100 000 
women per year). In addition, a slightly higher incidence can be 
observed in S3 than in S1 and S2.

Figure 2 describes the estimated BC mortality rate and shows that 
the rates among scenarios are similar (25–30 per 100 000 women per 
year) between 2020 and 2025. From 2025 onwards, there are some 
differences between scenarios but all of them show a notable de
crease in mortality rates, with S3 showing the higher decrease for all 
participation situations.

Benefits and harms
Table 1 contains the results of the overall impact estimations for the 
three scenarios during the 2020–50 period, based on the different 
participation situations.

For the current participation rate (A) from 2016 (table 1), the 
screening burden increases as the age range widens, and S3 requires 
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the highest N� of screening mammograms (n¼ 10 858) and add
itional assessments (n¼ 485) in the study period. As regards benefit 
indicators, S3 provides the best ratio of screen-detected to clinically 
detected in situ BCs (5/2), as compared with S1 and S2 (4/3 in both 
cases). Furthermore, this scenario achieves the highest % reduction 
in mortality (32.2% in S3 vs. 30.6% in S1 and 27.9% in S2). In 
contrast, S3 presents the worst results in terms of harms, with an 
increase in the N� of false positives (S3¼ 460, S1¼ 423 and 
S2¼ 236) and % overdiagnosis (S3¼ 5.8%, S1¼ 5.0% and 
S2¼ 4.9%). A reduction of FP can be seen in S2 as compared with 
S1 (S2¼ 236 vs. S1¼ 423), in addition to a decrease in the % BC 
overdiagnosis (S2¼ 4.9% vs. S1¼ 5.0%).

The results for situations with increased participation rates (B, C, 
and D) showed the same trend as the S simulated with the current 
participation rate (A) (table 1). As the participation rate increases, so 
does the % reduction in mortality in all of the simulated age range 
scenarios (S1: B¼ 31.2%, C¼ 32.0% and D¼ 33.4%; S2: B¼ 28.6%, 
C¼ 29.1% and D¼ 30.3% and S3: B¼ 32.9%, C¼ 33.7% and 

D¼ 35.2%). However, an increase is also observed in the N� of FP 
(S1: B¼ 455, C¼ 487, D¼ 552; S2: B¼ 254, C¼ 272 and D¼ 308; 
and S3: B¼ 495, C¼ 530 and D¼ 600).

Finally, we observe a greater screening burden per prevented 
death for scenarios with a wider age range in the synthetic indices. 
The number of FP per prevented death follows the same 
trend (table 1).

Discussion
This study shows that larger screening age ranges and higher par
ticipation rates could be associated with greater benefits, but also 
with greater harms. Nevertheless, extending age ranges might have a 
larger impact than increasing participation.

The scenario including women aged 45–74 (S3) provides the 
greatest benefits and harms, as observed in other studies.14 An in
crease in the number of screen-detected in situ cancers and a higher 
% reduction in BC mortality can be seen in this scenario as 

Figure 1 BC incidence on the current and increased participation for the three simulated scenarios. A, current participation from 2016; 
B¼þ5% participation, C¼þ10% participation. D¼þ20% participation. Scenario 1: women aged 45–69, Scenario 2: women aged 50–69 and 
Scenario 3: women aged 45–74.
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Figure 2 BC mortality on the current and increased participation for the three simulated scenarios. A¼current participation from 2016, 
B¼þ5% participation, C¼þ10% participation and D¼þ20% participation. Scenario 1: women aged 45–69. Scenario 2: women aged 50–69. 
Scenario 3: women aged 45–74.

Table 1 Impact estimation of three scenarios on the BCSP-VR with current and increased participation (�1000)

S1. 45–69y S2. 50–69y S3. 45–74y

A B C D A B C D A B C D

Screening load
No. of screen tests (�1000) 9641 10 357 11 073 12 503 7661 8227 8793 9924 10 858 11 664 12 470 14 081
No. of referrals (�1000) 445 478 511 578 255 274 282 330 485 521 558 630

Benefits
No. of BC in situ (screen/clinically detected) (�1000) 4/3 5/3 5/3 5/2 4/3 4/3 4/3 4/3 5/2 5/2 5/2 6/2
No. of BC invasive (screen/clinically detected) (�1000) 18/25 18/25 19/24 20/23 15/28 16/27 16/27 18/25 21/23 21/22 22/21 24/20
No. of BC deaths (�1000) 13 13 13 12 13 13 13 13 12 12 12 12
BC mortality reduction (%) 30.6 31.2 32.0 33.4 27.9 28.6 29.1 30.3 32.2 32.9 33.7 35.2

Harms
No. of false positives (�1000) 423 455 487 552 236 254 272 308 460 495 530 600
Overdiagnosis (% of screen detected) 5.0 5.0 4.9 5.0 4.9 4.9 4.9 4.9 4.8 5.8 5.8 5.8

Synthetic indices
No. of screening tests per BC death Prevented (�1000) 1709 1801 1882 2032 1490 1564 1640 1777 1830 1926 2012 2172
No. of false positives per BC death prevented (�1000) 75 79 83 90 46 48 51 55 77 82 86 93

Note: A¼current participation from 2016, B¼þ5% participation, C¼þ10% participation and D¼þ20% participation.
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compared with S1 and S2. On the one hand, this could be caused by 
an increase in the number of people taking part in screening as this 
scenario has the largest age range. On the other hand, as it includes 
women aged over 70, it may detect cancers in more advanced stages 
and thereby improve survival in this age group.9,10 However, this 
scenario also generates more harms, with the largest number of FP 
and highest % overdiagnosis, in line with other studies.13 The 
increased number of FP could be explained by the fact that the 
scenario includes women aged 45–49, who typically have a higher 
mammographic density,16 which hinders the sensitivity and specifi
city of the screening test.17 In addition, the high % overdiagnosis 
could be due to the inclusion of women aged 70–74, as there is a 
high probability of detecting asymptomatic tumours that would not 
have limited life expectancy in this group.11,18

The scenario that includes women aged 50–69 shows a reduction 
in the harms of screening, namely a decrease in the number of FP 
and the % overdiagnosis, but also in the benefits, especially in terms 
of BC mortality reduction. This scenario is currently recommended 
by European guidelines.5,6 The reduction in the number of FP could 
be due to the fact that the scenario excludes women aged 45–49, who 
have the highest risk of receiving a FP in the screening test.16 In 
addition, the smaller age range could also explain the lower % re
duction in BC mortality.

The BCSP-VR, which targets women aged 45–69, had a partici
pation rate of 72.7% in 2016. The estimations of the present study 
were calculated using this participation rate, which is above the 
acceptable value recommended by the European Commission.5

Scenarios were simulated with gradual increments of 5%, 10% and 
20%. A progressive and slight increase of the main benefit (BC 
mortality reduction), but also of harms, can be seen in each of these 
situations. These slight differences between scenarios may be due to 
the high baseline participation rate of the BCSP-VR, which indicates 
the importance of achieving the participation rates recommended by 
the European Commission.5

Considering the European Commission’s current recommenda
tion to expand screening age ranges to women aged 45–49 and 70– 
74 with a low certainty of evidence,6 which is partly due to the scarce 
number of publications on this topic, the results of this study help 
increase knowledge regarding the effect of including these groups on 
the BCSP.

One limitation of our study is that the three simulated scenarios 
consider a biennial screening test, and we could not contemplate 
different screening intervals due to usage limitations of the EU- 
TOPIA evaluation tool. A recent systematic review observed that 
annual, biennial, and triennial screening tests could have a different 
impact on benefits and harms depending on the age group.19 A less 
favourable balance could be observed for women aged 45–49 with 
annual screening, while a more favourable balance could be seen for 
women aged 70–74 with triennial screening.19 Therefore, continuing 
investigation is required in this regard.

Although our results are based on mathematical estimations using 
real data, we must appreciate the enormous potential and usability 
of the EU-TOPIA evaluation tool. MISCAN is an internationally 
validated model to predict the efficacy of BC screening.12

Furthermore, the development of the web-based tool makes it easier 
for screening programme coordinators and managers to use the EU- 
TOPIA evaluation tool, thereby helping generate evidence that can 
aid decision-making.

Given that this study shows that both benefits and harms increase 
with age ranges and participation rates, decision-making is complex. In 
any case, these results can be used in evidence-based decision-making 
to improve the organization of population-based BCSP in Spain and in 
other contexts with similar characteristics to the BCSP-VR. 
Nonetheless, complementary studies analysing the cost-effectiveness 
of each screening scenario are required, as well as analyses of different 
screening intervals for the various age groups.
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