
EVIDENCE FOR REDUCING CANCER SPECIFIC MORTALITY DUE TO SCREENING FOR BREAST CANCER 

27

2

INTRODUCTION 

Breast cancer (BC) has become the most common cancer in women worldwide in both developed 

and developing countries1 2. Through early detection in asymptomatic women, screening aims 

to reduce morbidity associated with advanced stages of the disease, as well as cancer-specific 

mortality However, the benefits and harms of mammography screening have been debated 

heatedly in the last decades3. 

It is thirty-five years since randomized controlled trials (RCT) showed that mammography screening 

leads to a reduction in BC mortality4, which resulted in various policy recommendations5. More 

recently, the effect of running mammography screening outside the experimental setting has 

been assessed. Several observational studies have demonstrated that BC screening reduces 

BC mortality6-12. However, screening has also harms. After careful evaluation of the balance 

between the benefits and adverse effects of mammography screening, the most recent review 

by the International Agency for Research on Cancer (IARC) concluded that there is a net benefit 

from inviting women 50 to 69 years as well as sufficient evidence for women up to 74 years of 

age to receive screening3. 

At present, population-based BC screening programs are ongoing, piloted or planned in 25 

out of 28 EU member states for nearly 95% of women in the age group of 50-69 years13. BC 

screening is delivered mainly by organized programs encouraged by the European Commission, 

which has published quality assurance guidelines14, which are currently being updated15. There 

is wide agreement on different aspects of the screening policy, such as the screening test 

(mammography), the minimum target age range (50–69 years) and the screening interval (two 

years). On the other hand, there are substantial differences within the European Union (EU) in the 

extent to which target populations are actually exposed to screening16. Currently there is nearly a 

two-fold difference among the EU-countries in the coverage by invitations and a more than five-

fold difference in the participation rate reported17. 

A considerable number of systematic reviews have estimated the effectiveness of mammography 

screening in terms of a reduction in BC mortality. Some of these reviews included only RCTs18-

21, whereas others focused exclusively on observational studies8 11 12. Several reviews did not 

follow a standardized quality appraisal protocol8 19 22 23. These reviews demonstrated high 

variability in estimates which led to different conclusions and recommendations on the most 

appropriate screening strategy. The probably most extensive and recent review was done for 

the IARC handbook. Their average estimate was 40% reduction in the risk of death from BC 

for women attending mammographic screening1. However, to our knowledge, no review has 

summarized the current evidence for all European regions, including different types of studies, 

using a methodologically sound quality appraisal. The aim of this systematic review, therefore 
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was to systematically evaluate and quantify the impact of organized screening on BC-specific 

mortality across Europe. 

The objective of this review is to answer the following questions: 

	 1.   �What is the impact of organized BC cancer screening on BC mortality across Europe? 

	 2.   �What are the differences between regions in Europe with regards to BC mortality 

reduction due to screening?

METHODS

This systematic review was done in accordance to a peer-reviewed protocol that is published and 

registered with PROSPERO (CRD42016042433)24. We followed the PRISMA (Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses) statement and checklist when reporting our 

findings25. 

All methodological steps were performed by two independent reviewers (N.Z. and A.G.). 

Disagreement between the two investigators were solved by consensus or by consulting a third 

independent reviewer (E.E.L.J.).

Data sources and search 

Study design, Table 1) served to define specific keywords used in our comprehensive bibliographic 

searches. Systematic bibliographic searches were conducted on the Embase, Medline Ovid, 

Web of Science, PubMed publisher, Google Scholar, and Cochrane Library. All databases were 

searched from inception to March 2018. The computer-assisted searches were designed and 

performed by a research librarian using controlled keywords to assess the concepts related to 

mammographic screening, BC and mortality among European countries. In Appendix 1, the 

detailed search strategies performed for every source are listed. To augment the search and to 

improve the likelihood of identifying studies that are only indexed in local journals, experts were 

asked to suggest additional articles that were not retrieved through the above-mentioned search 

strategy. Additional potentially eligible articles were identified by hand searching the reference 

lists of all included studies. The search was limited to articles written in English conducted in 

any European country and the authors only considered studies that included data from RCTs or 

observational studies such as prospective and retrospective controlled cohort or case-control 

studies. All references were managed in Thomson Reuters Endnote X7.1 and duplicates were 

removed.
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Table 1.  PICOS criteria for inclusion and exclusion of studies

Parameter Inclusion criteria Exclusion criteria

Population People invited to / participating 
in organized1 mass screening 
for breast cancer in a European 
country2 

People from non-European 
countries.

Intervention Organized screening for breast, 
cancer.

Other screening interventions (e.g. 
breast self-examination)

Control People not invited to/not 
attending organized screening 
or people participating in 
opportunistic screening only.

No control group (everybody is 
screened)

Outcome Change in breast cancer 
mortality due to screening.

No direct estimation of breast 
cancer mortality reduction due to 
screening3

Study design Randomized controlled trials, 
retrospective and prospective 
observational (cohort or case-
control) studies

Non-original research studies (e.g. 
editorials, letters, and conference 
abstracts), modeling/simulation 
studies, ecological studies4.

1Based on the IARC Handbook of Cancer Prevention (2015) we defined organized screening as screening programs 
organized at national or regional level, with an explicit policy 2Western Europe: Austria, Belgium, France, Germany, Ireland, 
Luxembourg, the Netherlands, United Kingdom and Switzerland. Northern Europe: Denmark, Estonia, Faroe Islands, 
Finland, Iceland, Latvia, Lithuania, Norway and Sweden. Southern Europe: Cyprus, Gibralta, Greece, Italy, Malta, Portugal, 
Spain. Eastern Europe: Bulgaria, Czech Republic, Croatia, Hungary, Poland, Romania, Slovakia, Slovenia. 3Studies that only 
provide estimates on changes of survival rates, were excluded. 4Ecological studies that simply compare trends between 
unmatched regions or single regions over time without statistical adjustments for e.g. baseline risk, excluded.

Study Selection 

Two investigators independently reviewed the titles and abstracts of all references identified by 

the literature search by using the PICOS criteria displayed in Table 1. Then all potentially suitable 

articles were reviewed in depth and additional exclusions have been made applying eligibility 

criteria proposed by Elmunzer and colleagues26: i) studies in which data or patients were 

duplicated in other manuscripts; ii) studies in which data were not reported for at least 5 years 

of follow-up; iii) studies in which the total number of events and participants were not reported 

for each study group. If multiple studies compared the same region, period or population, or 

reported on the same trial, the study with the longest follow-up was retained. The full texts of 

all included publications were screened for eligibility. Relevant outcome data and study details 

such as first author; year of publication; country where the study was conducted; study design; 

screening target population; follow-up information; sample size of the study; assessment of 

confounding factors (such as adjustment for self-selection bias), and the reported estimates 

(with corresponding 95% confidence intervals [95%CI]) of the screening effect on BC mortality, 

were extracted. Furthermore, eligible articles were grouped according to European regions 
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(Northern, Western, Southern and Eastern Europe) following the classification provided by the 

EUROVOC Multilingual Thesaurus of the European Union27.

Quality appraisal

We used the Cochrane risk of bias instrument28 to assess the quality of the included RCTs. This 

tool helps to indicate the validity of the studies’ results and the presence of any systematic error 

leading to an overestimation or underestimation of the true intervention effect. The tool considers 

the risk of bias within five domains, including randomized sequence generation, allocation 

concealment, masking outcome assessors, incomplete outcome data reporting, and selective 

outcome reporting. However, the sixth domain from the original tool, masking of participants 

and personnel, was not applied in this systematic review as it was deemed not applicable to 

screening. The reviewers judged each of the five domains and agreed in an overall judgement 

for each study as low, moderate, or high risk of bias.

To judge the quality of observational studies we used the Newcastle-Ottawa Scale (NOS)29. Using 

the tool with its specific questions for cohort studies and case-control studies respectively, each 

study is judged on several items, categorized into three areas: the selection of the study groups, 

the comparability of the groups, and the ascertainment of either the exposure or outcome of 

interest. Originally, the NOS does not award a point if the case definition of case-control studies 

was exclusively based on record linkage. However, many studies on cancer screening are 

based on data from cancer registries. As advocated in Anttila30 cancer registries can be hold co-

responsible for the quality and impact assessment of screening programmes when mandated 

and resourced adequately. Thus, when the percentage of histologically verified cases of the 

respective cancer register was known to be above 95% according to the International Agency for 

Research on Cancer31 32, we qualified the case definition as independent validation and award a 

point on this question.

The highest quality studies are awarded with a score of nine. 

The risk of bias of studies included in this review has been categorized as follows: 

	 (I)   	Low risk RCTs, 

	 (II)  	Moderate risk RCTs or score of 8 or 9 in observational studies,

	 (III)  	High risk RCTs or score 5 to 7 in observational studies and

	 (IV) 	Observational studies with a score from 0 to 4.

RESULTS

The PRISMA flowchart (Figure 1) presents the number of articles found and excluded in each stage. 

The initial search retrieved a total of 6,691 citations. The augmenting bibliographic search provided 

153 additional references. After removing duplicates, 5,015 citations were identified of which 150 
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Considering the results of all 60 studies included in this review, BC mortality reduction estimates 

for invited vs. non-invited women varied from 4%89 to 36%90 in Northern Europe, from 25%59 82 

to 35%56 in Southern Europe and from 6%66 to 47%67 in Western Europe. When comparing BC 

mortality of screened vs. non-screened women, estimates varied from 2%50 to 89%38 in Northern 

Europe, from 43%86to 67%57 in Southern Europe and 12%64 to 58%80 in Western Europe. Of the 

60 included studies, 40 had statistically significant results.

European Regions

The quality of the included studies was miscellaneous. Among the 60 included reported results, 

5% (3/60) fell into quality category I, 27% (17/60) were graded as quality category II, 60% (37/60) 

fell into category III and 8% (5/60) into category IV. Due to the numerousness of included studies, 

we will only highlight the results from those 19 studies from group I and II. The estimated effect of 

organized mammographic screening on BC specific mortality from these studies, by European 

regions, is described in Figure 2. The entirety of the risk of bias assessment of all included cohort 

studies, case-control studies, and RCTs is displayed in Appendix 4-6, respectively. Additionally, 

Appendix 7 is a summary of the risk of bias assessment for the RCTs used in this review.
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Tabar L., 2011, RCT
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Puliti D, 2012, (50-59) C

Figure 2.  Forest plot displaying the effectiveness of organized mammographic screening on breast cancer 
specific mortality, of studies with (very) good quality (group I and II), by European regions (Western Europe: 
diamond, Northern Europe: square, Southern Europe: circle). The 95% confidence intervals for individual 
studies are represented by a horizontal line.
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North

A total of 30 studies were selected and reported for Northern European countries, including 

Denmark, Finland, Sweden, Norway and Iceland (Table 2a). 

Five of these references were randomized controlled trials, all from Sweden, of which two were 

of low risk of bias and one of moderate risk of bias. Two of the (very) good studies establish the 

protective effect of being invited to mammographic screening. Tabar (2011)94 reports the long-

term effect of mammographic screening in the Swedish Two-County trial. They found a highly 

significant reduction in BC mortality in women invited to mammographic screening (RR = 0.69 

[95% CI: 0.56-0.84]), whereas the Malmö mammographic screening trial89 initially did not find a 

statistically significant effect of screening (RR = 0.96 [95% CI: 0.68-1.35]) after a little less than 

9 years of follow-up. Andersson90 provided additional follow-up data of the two cohorts from the 

Malmö Mammographic Screening Trial, particularly for women between 45 and 50 years of age 

who were followed for an average of 10 years. They conclude that being invited to screening 

lowers the BC mortality significantly (RR = 0.64 [95% CI: 0.45-0.89]). 

The reviewers appraised five of the 30 cohort studies from northern Europe to be of good quality. 

Three come from Norway. The Norwegian BC screening program was initiated in 1996, when it 

began as a pilot study in four of the 19 Norwegian counties. The program targets women ages 

50 to 69 who are invited every two years. Olsen (2013)48 observed the change in BC mortality due 

to screening comparing it to historical control groups in the four pilot study countries, using an 

incidence-based approach. The cohort study has a short follow-up of only 6 years and a reported 

RR of 0.93 (0.77-1.12). Two other reports included 15 years of follow-up. Weedon-Fekjaer’s 

prospective cohort study estimated that invitation to mammographic screening was associated 

with a 28% reduced risk of death from BC compared with not being invited (RR = 0.72 [0.64-0.79])55. 

Hofvind (2013)40 compared BC mortality of women attending screening with that of a non-screened 

cohort, considering incidence based mortality (IBM). Fifteen years after the start of the program, 

the reduction was estimated to be 43% (RR = 0.57 [0.51-0.64]). For Copenhagen (Denmark), 

Olsen (2007)49 analyzed IBM of women invited to the routine mammography by linking screening 

registry, cancer registry, cause of death registry, and population registry data for individual 

women age 50-69. Using historical comparison groups, the effect of invitation to mammography 

screening every two years was as BC mortality reduction of 20% (RR = 0.80 [0.68–0.94]). 

Tabar et al (2003)54 assessed the long-term effects (20 years) of mammographic service 

screening on BC mortality in two Swedish counties for women aged 40-69 years. Taking 

potential biases (e.g. age and self-selection bias) into account, BC mortality of screened 

women was 41% lower than that of unscreened women (RR = 0.59 [0.53-0.66]). 

Heinävaara (2016)75 evaluated the long-term effect of organized mammography screening on 

IBM in Finland in 1992–2011 among 50–84-year-old women using a case–control design. The 

effect of screening, corrected for self-selection bias, was 33% (HR = 0.67 [0.49–0.90]).
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South

The characteristics of the nine included articles from Southern European countries are reported 

in Table 2b. All selected studies were performed in Italy and Spain. One case-control study and 

one cohort study, both from Florence/Italy, were judged to be of good quality (category II). In a 

rural area near Florence a population-based screening program for BC was started in 1970. The 

case-control study by Palli (1986)86 showed that women who have been screened at least once 

had a BC mortality reduction of 43% compared to women never screened (OR = 0.57 [0.35-

0.89]). Puliti (2012)61 followed up women invited to the Florentine screening program every two 

years at age 50-69. Using an incidence-based approach, the estimated mortality reduction was 

45% among 50 to 59 year-old women (RR = 0.55 [0.41-0.75]) and 51% among 60 to 69 year-old 

women (RR = 0.49 [0.38-0.64]) after 16 years of follow-up.

West

From Western European countries, the reviewers included 22 studies which exclusively came from 

From Western European countries, the reviewers included 22 studies which exclusively came 

from the Netherlands and United Kingdom (Table 2c). 

The UK Age Trial (Moss, 2015)93 was the only RCT from this region that was judged to carry a 

low risk of bias. However, it only refers to the specific group of women aged 40-49 after 17 years 

of follow-up. Annual mammography screening below age 50 leads to a rate ratio (RR) for BC 

mortality of 0.88 (0.74-1.04). 

Six case-control studies reached a score of 8 or 9 (of 9), all with fairly similar results: Allgood 

(2008)71 performed a study in the East Anglia region after the initiation of the breast screening 

program in 1989. The odds ratio (OR) for death from BC in women who attend at least one routine 

screen compared to those who did not attend was 0.65 (0.48-0.88). Massat (2016)76 assessed the 

impact of the NHS BC Screening program 20 years after the inception and showed a BC mortality 

reduction of 39% among attenders (OR = 0.61 [0.44-0.85]) In a companion case-control study, 

Massat (2016)76 77reported that breast screening attendance reduces the fatality risk by 31% 

(OR= 0.69 [0.50-0.94]). A 47% BC mortality reduction for attending women was found in a nested 

case-control study by Johns (2017)87 (OR = 0.53 [0.46-0.62]), who evaluated the effectiveness 

of the NHS breast screening program in England and Wales. All of the British observational study 

results were corrected for self-selection bias. For the Netherlands, Paap (2014)80 estimated the 

benefit of the population-based screening program to be as high as 58% (OR = 0.42 [0.33-0.53]) 

for screened compared to unscreened women. Otto’s (2012)79 assessment of the effectiveness 

of mammography screening of Dutch women indicated a significant association between 

attending mammography screening and risk of breast cancer death (OR = 0.51 [0.40–0.66]). 

Johns (2017)70 conducted the first individual-based cohort evaluation of population breast 

screening in the UK, to estimate the impact of the NHS breast screening program (NHSBSP) 
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on BC mortality. After adjustment for self-selection bias, the mortality reduction was 32% (RR = 

0.68 [0.63–0.73]).

East

No studies from Eastern Europe met the inclusion criteria. 

DISCUSSION

To the best of the authors’ knowledge, this review is the first that comprises evidence from RCTs 

as well as observational studies and stringently uses transparent grading tools to appraise the 

quality of each included reference and then highlights only those which provide the most valid 

information. The results fortify that mammography screening leads to reduced mortality from 

BC and the evaluation studies conducted in the three European regions where screening was 

implemented are confirming this conclusion. 

The large number of possibly eligible studies for this review as well as the number of other 

(systematic) reviews on this topic reflect the long history of evaluations regarding the benefits of 

mammographic screening, including some contrasting views.

In 2012, the Independent UK Panel on BC screening relied mainly on findings from RCTs in order 

to provide estimates of the level of benefits and harms. Based on 11 trials with 13 years of follow-

up they concluded that the relative risk reduction was 20% in women invited for screening19. 

Gøtzsche and Jørgensen21, who included only RCTs in their review, found that the trials with 

adequate randomization did not find a statistically significant effect of screening on BC mortality. 

Nevertheless, in the past decade concerns have been raised about the applicability of RCTs 

in times of growing availability of service screening and about the validity of these trials. More 

recently, the evaluation of screening benefits has shifted to population-based screening services, 

and observational studies became the main contributors of new information on the impact of BC 

screening on BC mortality reduction8. Prerequisites for methodologically sound results therefore 

are individual data on screening exposure that is sufficiently long (>5 years), reliable information 

on the vital status as well as cancer data which can be directly linked to a women’s screening 

history and to her cause of death. The susceptibility to bias can furthermore be limited when studies 

use incidence-based mortality (IBM) and adjust for self-selection bias. By using standardized 

tools to judge on the presence of all of those methodological components, we were able to 

identify those observational studies that are qualitatively consistent with well conducted RCTs. 

Of the 38 cohort studies included in this systematic review, 24 considered IBM and 

therewith only observed BC deaths in women diagnosed after their first invitation to (or 

attendance in) mammographic screening. In that way, these studies only account for 
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a risk of BC death at a time, when it could have been affected by service screening.  

BC mortality reductions were consistently greater when the analysis compared screened vs. 

unscreened women rather than women who were invited vs not invited to screening. All of the 

17 case-control studies included in this review compared women attending in screening to non-

attending ones. The attractiveness of the case–control approach is that it uses observed mortality 

and it requires fewer participants than cohort studies. Thus it is a very efficient tool to evaluate 

(new) organized screening programs6 95. However, non-compliers, those women who did not 

accept the invitation to screening within organized programs, can potentially have a different 

risk of death from BC than the general population. Therefore, one major disadvantage of this 

study design is the tendency to selection bias. Duffy et al.9 provided a method of adjustment 

for potential confounders. The majority of the included case-control studies adjusted for self-

selection bias. 

While most researchers agree that the combination of both screening and treatment leads to 

a reduction of BC mortality, some claim that the reduction of BC mortality observed in Europe 

since the 1990s is mostly due to changes in cancer treatment96. Changes in treatment over 

time – in Norway, for example, multidisciplinary breast care centers have been introduced 

parallel with the organized screening program40 46 97 - make the results difficult to interpret. Both, 

case-control or IBM studies implicitly imply a treatment effect though. In order to disentangle 

the synergistic effect of screening with better treatment modeling analysis under different 

assumptions are needed. In their simulation modeling study, Plevritis et al (2018)98 evaluated the 

contributions associated with screening and treatment to BC mortality reductions for US women. 

The estimated reduction in BC mortality rate between 2000 and 2012 was 49%, of which 37% 

were associated with screening and 63% with treatment, although the associations varied by BC 

molecular subtype. 

We discovered a lack of eligible studies from Eastern Europe on mortality reduction due to 

screening. One main explanation could be serious (financial) barriers to organizing and/or 

evaluating screening services17. Among the regions included in this study, some populations 

had long-established screening programs running since the end of the 1980s (e.g. Finland) 

and since the beginning of the 1990s (the Netherlands, Norway, Tuscany and Turin (Italy)) with 

complete coverage of populations at screening age, but potentially different age groups covered 

across these areas. Particularly for eastern European countries, opportunistic screening has 

been offered to women since the early 1990s99 and still plays an important role in explaining 

low participation rates in the organized programs17. In most eastern European countries breast 

screening programs started more recently: Hungary in 2001, Estonia in 2005, Lithuania in 2006, 

Cracow (Poland) in 2007 and Slovenia in 2008. Hence a long running monitoring and evaluation 

system is either still missing or does not provide sound results yet.
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This qualitative review is based on well-defined a priori criteria and a rigorous systematic 

methodology. Nonetheless, we note four potential limitations. First, non-English-language 

studies were excluded. Second, the large number of included studies and their methodological 

designs led to a wide range of estimates of mortality reduction due to screening. Therefore we 

did not aim for a meta-analysis and to synthesize the results, but rather to highlight the reported 

evidence. Three, we used very strict PICOS criteria during the selection process following an 

in-depth quality assessment through the Cochrane and NOS tools to limit the risk of bias. While 

these choices may limit the number of references that will be included in this systematic review, 

it guarantees the best available evidence on which we base the conclusions. Lastly, this review 

did not include grey literature and thus solely relies on published studies. Therefore it might be 

affected by publication bias, as published literature appears to be predominantly biased towards 

positive results100. 

The variation in the point estimates from individual studies indicates differences in evaluation 

designs, e.g., in ages of follow-up of breast cancer incidence or mortality, duration of follow-up 

since first invitation, comparison group and assessment methods of self-selection bias, rather 

than variability of the effectiveness of screening. It would have been very important to describe 

the patterns in more detail according to the above factors, but it was often not possible yet, due 

to lack of information provided in many studies. Recent studies suggest that the impact can be 

highly variable, depending e.g. if breast cancers during screening age only, or also after the 

last invitation round would be included75 101. It would be very important to assess the screening 

impacts after the whole life span since the first invitation, and describe the variable effects in the 

various follow-up windows of relevance.  

We prove that there are several methodologically appropriate approaches that are able to 

capture the true beneficial effect of mammographic screening. However, in order to assess the 

validity of these results, future reviews would strongly profit from quality appraisal tools which 

are specifically developed to judge the impact of screening, as well as the quality of European 

record linkage practice. 
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Appendix 1.  Computer-assisted search code by reference databases.

Source Selection code

Embase (‘breast tumor’/exp OR mammography/exp OR (((breast OR mamma*) NEAR/10 (cancer* OR 
neoplas* OR tumo* OR carcino* OR adenocarcin*)) OR mammogra* ):ab,ti) AND (screening/
exp OR (screen* OR ((annual* OR periodic*) NEAR/3 examination* ))) AND (mortality/de OR 
‘cancer mortality’/de OR (mortalit* OR (death NEXT/1 rate*)):ab,ti) NOT ([Conference Abstract]/lim 
OR [Letter]/lim OR [Note]/lim OR [Editorial]/lim) AND [english]/lim AND (europe/exp OR (europe* 
OR Andorra* OR Austria* OR Balkan* OR Belgi* OR Albania* OR Baltic-State* OR Bosnia* OR 
Herzegovina* OR Bulgaria* OR Croatia* OR Czech* OR Hungar* OR Kosovo* OR Macedonia* 
OR Moldova* OR Montenegr* OR Poland* OR polish* OR Belarus* OR Romania* OR Russia* OR 
Serbia* OR Slovakia* OR Slovenia* OR Ukraine* OR France* OR french OR German* OR Gibraltar* 
OR Great-Brit* OR uk OR united-kingdom* OR England*  OR Scotland* OR Wales* OR welsh OR 
Greece* OR Ireland* OR Italy OR Italian OR Liechtenstein* OR Luxembourg* OR Monaco* OR 
Netherlands* OR dutch OR holland OR Portug* OR San-Marino* OR Scandinavia* OR Nordic* OR 
Denmark* OR danish OR Finland* OR finnish OR Iceland* OR Norwa* OR norwegian OR Sweden* 
OR swedish OR Spain* OR spanish OR Switzerland* OR swiss):ab,ti,ca,ta,cy,ad) AND (‘observational 
study’/exp OR ‘cohort analysis’/exp OR ‘longitudinal study’/exp OR ‘retrospective study’/exp OR 
‘prospective study’/exp OR ‘health survey’/de OR ‘health care survey’/de OR ‘epidemiological 
data’/de OR ‘case control study’/de OR ‘cross-sectional study’/de OR ‘correlational study’/de OR 
‘population research’/de OR ‘family study’/de OR ‘major clinical study’/de OR ‘multicenter study’/de 
OR ‘comparative study’/de OR ‘follow up’/de  OR ‘clinical study’/de  OR ‘clinical article’/de OR ‘clinical 
trial’/exp OR ‘randomization’/exp OR ‘intervention study’/de OR ‘open study’/de OR ‘community trial’/
de OR ‘review’/exp OR ‘systematic review’/exp  OR (((observation* OR epidemiolog* OR famil* OR 
comparativ* OR communit*) NEAR/6 (stud* OR data OR research)) OR cohort* OR longitudinal* OR 
retrospectiv* OR prospectiv*  OR population* OR (national* NEAR/3 (stud* OR survey)) OR (health* 
NEAR/3 survey*) OR ((case OR cases OR match*) NEAR/3 control*) OR (cross NEXT/1 section*) OR 
correlation* OR multicenter* OR (multi* NEXT/1 center*) OR ‘follow up’ OR followup* OR clinical* OR 
trial OR random* OR review*):ab,ti)

Medline Ovid (exp “Breast Neoplasms”/ OR exp Mammography/ OR (((breast OR mamma*) ADJ10 (cancer* 
OR neoplas* OR tumo* OR carcino* OR adenocarcin*)) OR mammogra* ).ab,ti.)  AND (“Mass 
Screening”/ OR exp “Early Diagnosis”/ OR (screen* OR ((annual* OR periodic*) ADJ3 examination* 
)) OR (early ADJ3 (diagnos* OR detect*))) AND (exp mortality/ OR (mortalit* OR (death ADJ rate*)).
ab,ti.) NOT (letter OR news OR comment OR editorial OR congresses OR abstracts).pt. AND english.
la. AND (exp europe/ OR (europe* OR Andorra* OR Austria* OR Balkan* OR Belgi* OR Albania* 
OR Baltic-State* OR Bosnia* OR Herzegovina* OR Bulgaria* OR Croatia* OR Czech* OR Hungar* 
OR Kosovo* OR Macedonia* OR Moldova* OR Montenegr* OR Poland* OR polish* OR Belarus* 
OR Romania* OR Russia* OR Serbia* OR Slovakia* OR Slovenia* OR Ukraine* OR France* OR 
french OR German* OR Gibraltar* OR Great-Brit* OR uk OR united-kingdom* OR England*  OR 
Scotland* OR Wales* OR welsh OR Greece* OR Ireland* OR Italy OR Italian OR Liechtenstein* OR 
Luxembourg* OR Monaco* OR Netherlands* OR dutch OR holland OR Portug* OR San-Marino* 
OR Scandinavia* OR Nordic* OR Denmark* OR danish OR Finland* OR finnish OR Iceland* OR 
Norwa* OR norwegian OR Sweden* OR swedish OR Spain* OR spanish OR Switzerland* OR swiss).
ab,ti,jn,cp,in.) AND (“observational study”/ OR exp “Cohort Studies”/ OR “Health Surveys”/ OR 
“Epidemiologic Studies”/ OR “Case-Control Studies”/ OR “Cross-Sectional Studies”/ OR “multicenter 
study”/ OR “comparative study”/ OR “clinical study”/  OR exp “clinical trials”/ OR “Random Allocation”/ 
OR “review”/ OR (((observation* OR epidemiolog*) ADJ6 (stud* OR data OR research)) OR cohort* 
OR longitudinal* OR retrospectiv* OR prospectiv*  OR population* OR (national* ADJ3 (stud* OR 
survey)) OR (health* ADJ3 survey*) OR ((case OR cases OR match*) ADJ3 control*) OR (cross ADJ 
section*) OR correlation* OR multicenter* OR (multi* ADJ center*) OR “follow up” OR followup* OR 
clinical* OR trial OR random* OR review*).ab,ti.)
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Cochrane ((((breast OR mamma*) NEAR/10 (cancer* OR neoplas* OR tumo* OR carcino* OR adenocarcin*)) 
OR mammogra* ):ab,ti) AND ((screen* OR ((annual* OR periodic*) NEAR/3 examination* )) OR (early 
NEAR/3 (diagnos* OR detect*))) AND ((mortalit* OR (death NEXT/1 rate*)):ab,ti) AND ((europe* 
OR Andorra* OR Austria* OR Balkan* OR Belgi* OR Albania* OR Baltic-State* OR Bosnia* OR 
Herzegovina* OR Bulgaria* OR Croatia* OR Czech* OR Hungar* OR Kosovo* OR Macedonia* 
OR Moldova* OR Montenegr* OR Poland* OR polish* OR Belarus* OR Romania* OR Russia* OR 
Serbia* OR Slovakia* OR Slovenia* OR Ukraine* OR France* OR french OR German* OR Gibraltar* 
OR Great-Brit* OR uk OR united-kingdom* OR England*  OR Scotland* OR Wales* OR welsh OR 
Greece* OR Ireland* OR Italy OR Italian OR Liechtenstein* OR Luxembourg* OR Monaco* OR 
Netherlands* OR dutch OR holland OR Portug* OR San-Marino* OR Scandinavia* OR Nordic* OR 
Denmark* OR danish OR Finland* OR finnish OR Iceland* OR Norwa* OR norwegian OR Sweden* 
OR swedish OR Spain* OR spanish OR Switzerland* OR swiss)) 

Web-of-
science  

TS=(((((breast OR mamma*) NEAR/10 (cancer* OR neoplas* OR tumo* OR carcino* OR 
adenocarcin*)) OR mammogra* )) AND ((screen* OR ((annual* OR periodic*) NEAR/2 examination* 
)) OR (early NEAR/2 (diagnos* OR detect*))) AND ((mortalit* OR (death NEAR/1 rate*))) AND 
((europe* OR Andorra* OR Austria* OR Balkan* OR Belgi* OR Albania* OR Baltic-State* OR 
Bosnia* OR Herzegovina* OR Bulgaria* OR Croatia* OR Czech* OR Hungar* OR Kosovo* OR 
Macedonia* OR Moldova* OR Montenegr* OR Poland* OR polish* OR Belarus* OR Romania* OR 
Russia* OR Serbia* OR Slovakia* OR Slovenia* OR Ukraine* OR France* OR french OR German* 
OR Gibraltar* OR Great-Brit* OR uk OR united-kingdom* OR England*  OR Scotland* OR Wales* 
OR welsh OR Greece* OR Ireland* OR Italy OR Italian OR Liechtenstein* OR Luxembourg* OR 
Monaco* OR Netherlands* OR dutch OR holland OR Portug* OR San-Marino* OR Scandinavia* OR 
Nordic* OR Denmark* OR danish OR Finland* OR finnish OR Iceland* OR Norwa* OR norwegian OR 
Sweden* OR swedish OR Spain* OR spanish OR Switzerland* OR swiss)) AND (((observation* OR 
epidemiolog* OR famil* OR comparativ* OR communit*) NEAR/5 (stud* OR data OR research)) OR 
cohort* OR longitudinal* OR retrospectiv* OR prospectiv*  OR population* OR (national* NEAR/2 
(stud* OR survey)) OR (health* NEAR/2 survey*) OR ((case OR cases OR match*) NEAR/2 control*) 
OR (cross NEAR/1 section*) OR correlation* OR multicenter* OR (multi* NEAR/1 center*) OR”follow 
up” OR followup* OR clinical* OR trial OR random* OR review*)) AND DT=(article) AND la=(english)

Pubmed 
publisher

(“Breast Neoplasms”[mh] OR Mammography[mh] OR (((breast OR mamma*[tiab]) AND 
(cancer*[tiab] OR neoplas*[tiab] OR tumor*[tiab] OR tumors[tiab] OR tumour*[tiab] OR carcino*[tiab] 
OR adenocarcin*[tiab])) OR mammogra*[tiab] )) AND (“Mass Screening”[mh] OR “Early 
Diagnosis”[mh] OR (screen*[tiab] OR ((annual*[tiab] OR periodic*[tiab]) AND examination*[tiab] 
)) OR (early AND (diagnos*[tiab] OR detect*[tiab]))) AND (mortality[mh] OR (mortalit*[tiab] OR 
(death rate*[tiab]))) NOT (letter[pt] OR news[pt] OR comment[pt] OR editorial[pt] OR congresses[pt] 
OR abstracts[pt]) AND english[la] AND (europe[mh] OR (europe* OR Andorra* OR Austria* OR 
Balkan* OR Belgi* OR Albania* OR Baltic-State* OR Bosnia* OR Herzegovina* OR Bulgaria* OR 
Croatia* OR Czech* OR Hungar* OR Kosovo* OR Macedonia* OR Moldova* OR Montenegr* OR 
Poland* OR polish* OR Belarus* OR Romania* OR Russia* OR Serbia* OR Slovakia* OR Slovenia* 
OR Ukraine* OR France* OR french OR German* OR Gibraltar* OR Great-Brit* OR uk OR united-
kingdom* OR England*  OR Scotland* OR Wales* OR welsh OR Greece* OR Ireland* OR Italy OR 
Italian OR Liechtenstein* OR Luxembourg* OR Monaco* OR Netherlands* OR dutch OR holland 
OR Portug* OR San-Marino* OR Scandinavia* OR Nordic* OR Denmark* OR danish OR Finland* 
OR finnish OR Iceland* OR Norwa* OR norwegian OR Sweden* OR swedish OR Spain* OR spanish 
OR Switzerland* OR swiss)) AND (“observational study”[pt] OR “Cohort Studies”[mh] OR “Health 
Surveys”[mh] OR “Epidemiologic Studies”[mh] OR “Case-Control Studies”[mh] OR “Cross-Sectional 
Studies”[mh] OR “multicenter study”[pt] OR “comparative study”[pt] OR “clinical study”[pt]  OR 
“clinical trials”[pt] OR “Random Allocation”[mh] OR “review”[pt] OR (((observation*[tiab] OR 
epidemiolog*[tiab]) AND (stud*[tiab] OR data OR research)) OR cohort*[tiab] OR longitudinal*[tiab] 
OR retrospectiv*[tiab] OR prospectiv*[tiab]  OR population*[tiab] OR (national*[tiab] AND (stud*[tiab] 
OR survey)) OR (health*[tiab] AND survey*[tiab]) OR ((case OR cases OR match*[tiab]) AND 
control*[tiab]) OR (cross section*[tiab]) OR correlation*[tiab] OR multicenter*[tiab] OR (multi 
center*[tiab]) OR “follow up” OR followup*[tiab] OR clinical*[tiab] OR trial OR random*[tiab] OR 
review*[tiab]))  AND publisher[sb]

Google 
scholar

“breast|mammary cancer|neoplasm|tumor|carcinoma|adenocarcinoma” 
screening|”annual|periodic  examination”|”early  diagnosis|detection” mortality|”death  rate” europe 
cohort|longitudinal|prospective|retrospective|trial|epidemiological|epidemiologic



CHAPTER 2

54

Appendix 3.  Characteristics of excluded studies. 

Study Reason for exclusion

Alexander F E, 1994 Contained data or patients duplicated in another study

Alexander F E, 1997 Contained data or patients duplicated in another study

Autier P, 2012 Study did not provide a direct estimation of BC mortality reduction due to screening.

Baker SG, et al Study did not provide a direct estimation of BC mortality reduction due to screening.

Barchielli A, 2001 Study did not provide a direct estimation of BC mortality reduction due to screening.

Bastos, 2017 Study did not provide a direct estimation of BC mortality reduction due to screening.

Beau, 2017 Contained data or patients duplicated in another study

Bjurstam N, 1997 Contained data or patients duplicated in another study

Bjurstam N, 1997 Contained data or patients duplicated in another study

Bjurstam, 2003 Contained data or patients duplicated in another study

Blamey R W, 2002 No control group, all screening

Blanks RG, 2000 The study does not reports the number of events and the total number of the participants

Broeders MJM, 2001 Study did not provide a direct estimation of BC mortality reduction due to screening.

Celko A, 1996 Study did not provide a direct estimation of BC mortality reduction due to screening.

Chamberlain J, 1988 Contained data or patients duplicated in another study

Chen H H, 1995 Contained data or patients duplicated in another study

Christensen L H, 2006 Study did not provide a direct estimation of BC mortality reduction due to screening.

Collette C, 1992 Contained data or patients duplicated in another study

Collette HJA, 1985 Contained data or patients duplicated in another study

Collette HJA, 1992 Contained data or patients duplicated in another study

Day N,1995 No control group, all screening

De Koning H, 1995 Follow up not long enough

De Waard F, 1988 Contained data or patients duplicated in another study

Domingo L, 2012 Study did not provide a direct estimation of BC mortality reduction due to screening.

Duffy S W, 2003 Contained data or patients duplicated in another study

Duffy SW 2, 2006 Contained data or patients duplicated in another study

Duffy SW, 2002 Contained data or patients duplicated in another study

Duffy SW, 2010 Study did not provide a direct estimation of BC mortality reduction due to screening.

Ellman R, 1993 Contained data or patients duplicated in another study

Fracheboud J, 2007 Study did not provide a direct estimation of BC mortality reduction due to screening.

Frisell J, 1991 Contained data or patients duplicated in another study

Frisell J, 1997 Contained data or patients duplicated in another study

Garcia Fernandez A, 2014 Study did not provide a direct estimation of BC mortality reduction due to screening.

García-Fernández A,2015 Study did not provide a direct estimation of BC mortality reduction due to screening.

Garne JP, 1997 Study did not provide a direct estimation of BC mortality reduction due to screening.

Gastrin G, 1993 No mammography but BSE
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Gastrin G, 1994 No mammography but BSE

Gorini G, 2004 Study did not provide a direct estimation of BC mortality reduction due to screening.

Hakama M, 1999 No control group, all screening

Hanley, 2017 Study did not provide a direct estimation of BC mortality reduction due to screening.

Kalager M, 2009 Study did not provide a direct estimation of BC mortality reduction due to screening.

Kalager M, 2012 Study did not provide a direct estimation of BC mortality reduction due to screening.

Kalager M, 2014 Non-original data (meta-analysis)

Kauhava L, 2006 Study did not provide a direct estimation of BC mortality reduction due to screening.

Kolozsvári LR, 2013 Study did not provide a direct estimation of BC mortality reduction due to screening.

Larsson LG, 1996 Contained data or patients duplicated in another study

Larsson LG, 1997 Contained data or patients duplicated in another study

Lenner P, 1997 Follow up not long enough

Lind H, 2010 Study did not provide a direct estimation of BC mortality reduction due to screening.

Májek O, 2010 Study did not provide a direct estimation of BC mortality reduction due to screening.

Majek O, 2011 Study did not provide a direct estimation of BC mortality reduction due to screening.

McCann, 1999 Non-original data (meta-analysis/report)

McCann, 1999 Non-original data (meta-analysis/report)

Minelli L, 2007 No numbers of screening population

Moss S M, 1992 Contained data or patients duplicated in another study

Moss S M, 2006 Contained data or patients duplicated in another study

Mukhtar T K, 2013 No numbers of screening population

Nyström L, 2002 Duplicates numbers from original studies.

Nyström, 2017 Contained data or patients duplicated in another study

Olsen AH, 2005 Contained data or patients duplicated in another study

Olsson Å. 2011 Study did not provide a direct estimation of BC mortality reduction due to screening.

Ondrusova M, 2012 Study did not provide a direct estimation of BC mortality reduction due to screening.

Otten JDM, 2008 Study did not provide a direct estimation of BC mortality reduction due to screening.

Paap E, 2010 Contained data or patients duplicated in another study

Paci E, 2002 a Contained data or patients duplicated in another study

Paci E, 2007 Contained data or patients duplicated in another study

Paci E, 2008 Study did not provide a direct estimation of BC mortality reduction due to screening.

Paci, 2011 Contained data or patients duplicated in another study

Parvinen I, 2011 No control group, all screening

Pons-Vigués, M, 2008 Study did not provide a direct estimation of BC mortality reduction due to screening.

Roberts M M, 1990 Contained data or patients duplicated in another study

Sarkeala T, 2008 Control group was modelled. 

Sarkeala T, 2014 Study did not provide a direct estimation of BC mortality reduction due to screening.

Sasieni P, 2003 Study did not provide a direct estimation of BC mortality reduction due to screening.
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Sigurdsson K, 2013 Study did not provide a direct estimation of BC mortality reduction due to screening.

Szynglarewicz B, 2008 Follow up not long enough

Tabár L, 1985 Contained data or patients duplicated in another study

Tabár L, 1992 Contained data or patients duplicated in another study

Tabár L, 1993 Contained data or patients duplicated in another study

Tabár L, 1995 Contained data or patients duplicated in another study

Tabár L, 1995 Contained data or patients duplicated in another study

Tabár L, 1997 Contained data or patients duplicated in another study

Tabár L, 2000 Contained data or patients duplicated in another study

Tabár L, 2002 Contained data or patients duplicated in another study

Tabar, 2017 Study did not provide a direct estimation of BC mortality reduction due to screening.

Törnberg S, 1994 The study did not report the total number of the participant in each study group.

Van Dijk JAAM, 1994 Contained data or patients duplicated in another study

Verbeek ALM,  1884 Contained data or patients duplicated in another study

Verbeek ALM,  2003 Non-original data (meta-analysis/report)

Wärnberg F, 1999 Study did not provide a direct estimation of BC mortality reduction due to screening.

Appendix 3.  Continued
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Appendix 7.  Summary of possible bias in randomized control trials.

 

Random 
sequence 
generation 
(selection 

bias)

Allocation 
concealment 

(selection 
bias)

Blinding of 
outcome 

Assessment 
(detection 

bias)

Incomplete 
outcome 

data 
Addressed 

(attrition 
bias)

Selective 
reporting 
(reporting 

bias)

Final 
judgment

Alexander FE, 1999 - ? ? + + High risk

Andersson I, 1988 + ? + ? + Low Risk

Andersson I, 1997 ? ? + ? + moderate risk

Bjurtsam N, 2016 - ? + ? + High risk

Frisell J, 1997 - - - ? + High risk

Moss S, 2015 + + + + + Low Risk

Tabar L, 2011 + ? + ? + Low Risk

-: High risk bias, ?: unclear risk of bias, +: low risk of bias. 
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ABSTRACT

Background

This systematic review, stimulated by inconsistency in secondary evidence, reports the benefits 

and harms of breast cancer (BC) screening and their determinants according to systematic 

reviews. 

Methods 

A systematic search, which identified 9,976 abstracts, led to the inclusion of 58 reviews. 

Results

BC mortality reduction with screening mammography was 15–25% in trials and 28–56% in 

observational studies in all age groups, and the risk of stage III+ cancers was reduced for 

women older than 49 years. Overdiagnosis due to mammography was 1–60% in trials and 1–12% 

in studies with a low risk of bias, and cumulative false-positive rates were lower with biennial than 

annual screening (3–17% vs 0.01–41%). There is no consistency in the reviews’ conclusions 

about the magnitude of BC mortality reduction among women younger than 50 years or older 

than 69 years, or determinants of benefits and harms of mammography, including the type of 

mammography (digital vs screen-film), the number of views, and the screening interval. Similarly, 

there was no solid evidence on determinants of benefits and harms or BC mortality reduction 

with screening by ultrasonography or clinical breast examination (sensitivity ranges, 54–84% and 

47–69%, respectively), and strong evidence of unfavourable benefit-to-harm ratio with breast 

self-examination. 

Conclusion

The reviews’ conclusions were not dependent on the quality of the reviews or publication 

date. Systematic reviews on mammography screening, mainly from high-income countries, 

systematically disagree on the interpretation of the benefit-to-harm ratio. Future reviews are 

unlikely to clarify the discrepancies unless new original studies are published.
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INTRODUCTION

The traditional evidence-based medicine pyramid places systematic reviews with meta-synthesis 

on the pinnacle of a hierarchy of evidence. The recently proposed update of the pyramid 

applies systematic reviews as a lens through which other types of studies should be appraised, 

considering synthesised evidence as a tool for stakeholders 1. But does this lens always provide 

the same image, and if not, what can affect the conclusions of systematic reviews?

Many reviews on benefits and harms of breast cancer screening (BCS) have been published 

over several years. Some of these reviews were used as a basis for developing national or 

international guidelines, leading to inconsistent recommendations. In a set of systematic reviews, 

we summarise the data from reviews on four screening approaches – screening mammography, 

ultrasonography, clinical breast examination (CBE), and breast self-examination (BSE) – or 

their combinations, among the general population. To our knowledge, no study has previously 

synthesised the results from systematic reviews on determinants of benefits and harms (Part 

1), participation rate (Part 2), or cost-effectiveness (Part 3) of BCS approaches or explored the 

possible differences in the conclusions of systematic reviews on this topic.

In this first review, we aim to report:

	 (1) �Variability in the outcomes of the reviews (mortality reduction, overdiagnosis, false-

positive rates (FPR), mortality induced, and intermediate outcomes of BCS);

	 (2) Variability in the determinants of benefits and harms;

	 (3) �Review characteristics that explain the variability in the outcomes and derived 

conclusions.

METHODS

The design of this study was reported in the published protocol2, and registered with the 

International prospective register of systematic reviews (PROSPERO, #CRD42016050764). We 

systematically searched the PubMed via Medline, Scopus, Embase, and Cochrane databases 

in August 2016 and conducted updates and searches for grey literature in February 2017 and 

again in April 2018 (Appendix 1).

Following the protocol, we excluded reviews not using a systematic (reproducible) literature 

search. Deviating from the protocol, we included two reviews on which consensus was not 

reached after two rounds of discussions. For each of the included reviews, we tabulated the 

outcomes, the score by the Assessing the Methodological Quality of Systematic Reviews 

(AMSTAR) checklist3, the limitations of the reviews, and the limitations of the original studies (if 



CHAPTER 3

80

their quality was assessed by the reviews and considered in the conclusions). We also narratively 

summarised the outcomes of the reviews that scored two or higher on the AMSTAR checklist, 

considering the reviews with lower scores as non-systematic. For the reviews with updates, we 

synthesised the evidence from the most recent publication, separately reporting the conclusions 

of the previous versions.

The uni- and multinomial regressions were run in RStudio to assess an impact of factors on the 

AMSTAR quality score and conclusions of the reviews regarding mammography screening.  

RESULTS

We identifi ed 9,976 abstracts through our systematic search and 228 additional reviews through 

a non-systematic search (Figure 1). The inter-rater reliability between two reviewers for decisions 

on full-text inclusion was 85% (Cohen’s kappa = 0.63; substantial agreement). The excluded 

reviews are indicated in Appendix 2.

Figure 1. Prisma Flow Diagram
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Figure 5. False positive cumulative rates with biennial (a) and annual (b) screening. 
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The conclusions and interpretations of the statistical findings of systematic reviews of either 

RCTs or observational studies reporting BCM reduction among women younger than 50 years30, 

33, 46 were and remain inconsistent (Figure 3c, Appendix 4)9, 11, 12, 20, 28, 38, 50. There was no review 

reporting all-cancer mortality reduction in this age group, and two meta-analyses concluding 

on statistically non-significant reduction in all-cause mortality16, 38. Seven reviews assumed that 

mammography screening has a higher benefit for women older than 50 years and a lower benefit 

for younger women11-13, 20, 28, 38, 48, because of the lower test sensitivity of mammography due to 

higher breast density 12, 13, 29 and, possibly, faster-growing tumours. Myers et al. (2015) suggested 

that initiating screening at younger ages probably results in greater BCM reduction, but the 

magnitude of this incremental reduction is uncertain11. In the high-quality review by Nelson et 

al. (2016)12 , the reduction in risk of advanced stage II+ or stage III+ breast cancers was not 

statistically significant for women younger than 50 years.

Two included reviews suggest that the rate of overdiagnosis may be larger among women aged 

40–49 years12, 38, with more than 25% of cases of breast cancer diagnosed among women in 

their 40s being low-grade DCIS, of which only 14% if left untreated could lead to invasive cancer 

after several decades48.

Although FPR with a single examination was higher for older women 11, 12, the cumulative 

FPR was higher among women who initiated screening early (mainly <50 years)12, 19, 46. The 

reviews focusing on women younger than 50 years reported cumulative FPR of 20–56%14, 38, 

48. The probability of receiving a certain diagnostic method was age-dependent: women aged 

40–49 years experience the highest rate of additional imaging12, and therefore may face higher 

radiation-related harms, whereas their rate of false-positive biopsies is lower than that of older 

women 12.

Regarding BCS-induced deaths, several reviews reported limited evidence for women screened 

annually for 10 years beginning at age 40 years. The estimated number of induced fatal breast 

cancers is small (8–25 per 100,000 women screened in 3 of 4 reviews)12, 14, 16, 46 (Appendix 5), and 

is higher with earlier initiation of screening12.

Similarly to the reviews on younger populations, systematic reviews report inconsistent BCM 

reduction among women older than 69 years (Figure 3d, Appendix 4)8, 11, 12, 16, 20, 30, 50. A review by 

Galit et al. (2007) concluded on lower BCM among women aged 75–84 years who underwent 

screening compared with those who did not 8, whereas other reviews concluded on no clear 

benefit for women older than 70 years11, 12. Regular mammography has been associated with 

smaller and earlier-stage tumours among women older than 74 years, which could also be 

clinically insignificant8. The reviews on BCS benefits and harms among women older than 69 
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years were based on limited evidence on BCM reduction from RCTs and harms specific to this 

age group, and did not report all- cancer or all-cause mortality.

Ultrasonography

No high-quality review (out of 6 included) identified studies reporting BCM reduction in BCS 

among the general population using ultrasonography alone or in combination with mammography 

(Appendix 8). The reviews targeting Asian populations reported high variability in sensitivity (54–

84%), PPV (0.64–6.4%), and FPR (0.9–19.3%) of ultrasonography, with specificity of 96–98% and 

cancer detection rate of 2–3% per 1,000 screens. The highest-quality reviews 12, 29 concluded that 

ultrasonography is not justified as a supplementary tool for BCS, because of no solid evidence 

on its benefits. The reviews did not report transparently which factors can affect the accuracy of 

ultrasonography.

Clinical breast examination

The 10 included systematic reviews that assessed data on clinical breast examination agreed 

that the existing data on benefits of CBE are insufficient, because there is no solid evidence on 

a statistically significant impact of CBE on BCM (Appendix 8)9, 13, 16, 20. The range for sensitivity of 

CBE is 28–36% in the community 13 and 47–69% in RCTs in all except one review13, 19, 20, 46. The 

sensitivity of CBE was improved by spending more time on examination and by using a thorough 

technique13. The specificity of CBE was above 88% in all the reviews13, 20, 46. Compared with no 

screening, CBE was associated with a higher rate of false-positive biopsies 13, 46 and FPR 9, 12. 

No solid evidence was identified on an impact of CBE on life expectancy and overdiagnosis 9.

Five reviews report no solid evidence on benefits of CBE combined with screening 

mammography versus mammography alone9, 11, 12, 20, 30 (Appendix 8). The reviews’ conclusions 

varied from “insufficient evidence on effects of CBE” to “no benefits of CBE in terms of mortality 

reduction”; the review by Lee et al. (2015) reported an incremental sensitivity of CBE added to 

mammography of 4–6%, with a decrement in specificity of 2%19. Limited data were available on 

harms of CBE added to mammography, with higher FPR and recall rates reported11, 12. Similarly 

to ultrasonography, the reviews did not report sufficiently on factors affecting the accuracy of 

CBE, besides an observation of lower sensitivity of screening in real-world versus trial settings.

Breast self-examination

Six reviews were consistent on no benefit of BSE on BCM (mainly referring to the 3 trials 

conducted)12, 13, 31, 46, all-cause mortality12, or number of cancers detected 31 (Appendix 8). The 

sensitivity of BSE was 20–41% in a real-world setting versus 40–89% on silicone models 13, 17. 

The specificity of BSE on silicone models was 66–81%17 . The reviews included reported harms 

related to FPR, including false-positive biopsies 12, 13, 31.
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Quality of the reviews and factors affecting their conclusions

The quality of all of the included reviews varied from 1 to 10 on AMSTAR score (Appendix 9). 

The reviews were scored the highest on the attributes related to an adequate search approach, 

description of the included studies, and combining the results, and the lowest on reporting 

confl icts of interest, assessing publication bias, including grey literature, and reporting excluded 

studies (Figure 6). Multiple regression analysis was used to test if a year of publication, targeting 

high- income country (versus none), declaring funding, or including the evidence only from 

controlled trials signifi cantly predicted AMSTAR score of the reviews. The results of the regression 

indicated that all four factors explained 22% of the variance (R2=.22, F(6,45) = 2.09, p =.07) with 

funding and target country being not signifi cant factors. The year of publication (β = .12, P<.05) 

and type of evidence included (β = -.82, P<.05) explained 16% of variance (R2=.16, F(2,49) = 

4.61, p =.01) with model being a better-fi t than the univariate analyses. 

Figure 6. Quality of systematic reviews reporting benefi ts and/or harms of breast cancer screening.

The results of uni- and multi- variate regressions did not identify signifi cance of such factors as 

AMSTAR score, date of publication, funding, using qualitative or meta-synthesis, or reporting 

benefi ts, harms, or both in the conclusions of the reviews on mammography screening (p >.05). 

The conclusions of the reviews reporting similar statistical results were not always identical and 

may be based on interpretation of statistics, choice of the main outcomes, rigorousness of 

inclusion criteria, and source of evidence. The conclusions of the reviews updated periodically 
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priority setting, enabling comparison of the relative value of screening mammography with other 

health-care innovations improving survival of the population.

The pure benefits and harms of mammography remain heterogeneous.  BCS trials are highly 

diverse in their protocol designs, adherence, and evaluations; combining the outcomes of the 

RCTs into meta-analyses generates the expectations, but does not predict the outcomes of a 

specific program (which can either fail or succeed reaching higher effectiveness than meta-

synthesised efficacy). Differences between reviews in quality assessment comprise not only 

identification of bias but also the assignment of overall quality scores, leading to variation in 

inclusion of RCTs. Subsequently, results of the reviews vary and conclusion were inconsistent. 

In general, the assessed reviews of RCTs have greater similarity in included studies but larger 

variability in quality assessment while reviews on observational studies show an opposite trend.  

If this overview will include only reviews incorporated the quality of studies in their conclusions, 

the disagreements among the reviews would remain. The impact of screening mammography on 

stage shift – the most potent intermediate predictor of screening efficacy – was positive for stage 

III+ breast cancer. BCM increases with progressing tumour stage52, and therefore reduction of 

advanced tumours should improve patients’ survival. Tabar et al. (2015) calculated that BCM 

reduction was reaching 28% in the trials achieving 20% or more reduction in advance cancers53.   

Since BCS programs are long-term planned and costly, detection of advanced cancers should 

serve as an early indicator of the possible success of the pilot BCS program. 

The effectiveness of BCS relates to multiple parameters, including treatment access and efficacy. 

Regarding access, the health-care settings depicted in RCTs included in systematic reviews 

may reflect the current situation in LMICs, allowing an approximation of the expected benefits 

and harms for jurisdictions with limited resources. Furthermore, breast cancer survival also has 

improved dramatically through the decades due to treatment advances, with age-standardised 

5-year survival reaching 85% or higher in 17 high-income countries and 80% or higher in 34 

countries worldwide54, which may diminish the benefits of mammography screening. If efficacy 

of late-stage treatments for breast cancer improves more, the clinical benefit of screening may 

decrease. Concurrently, the accuracy of mammography may also have improved through the 

years, favouring the benefit-to-harm ratio. Decisions on the rationale for screening should always 

be a balanced choice of the intervention able to offer the highest benefits with minimum harms, 

and preferably lower costs.

For women younger than 50 years or older than 69 years, the reviews were not consistent in their 

conclusions on BCM reduction, with no impact of screening on all-cancer mortality reported. 

For younger women, most reviews show no impact of mammography screening on early breast 

cancer detection. The harms may be also higher among younger women (radiation exposure and 
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FPR) and older women (overdiagnosis, because of shorter life expectancy); thus, the evidence 

collected by included reviews is not consistent on benefit-to-harm ratio for these age groups. 

There was no consistency in determinants of higher benefits and lower harms of screening 

mammography, although double reading may improve sensitivity if the recall decision is based 

on at least one reader. DCIS is frequently detected and treated during mammography screening. 

Considering that relative survival with DCIS reached 100% even after 15 years of follow-up52, 

the quality control system should advise on clear and non-aggressive management of screen-

detected DCIS. The benefit-to-harm ratio may also be improved with availability of previous 

screening results. The guidelines on strict quality control and management of non-cancerous 

lesions could be more important in countries without a national screening provider, like the USA, 

where harms may be higher than in other countries.

Benefits to harm ratios of mammography screening among women 50 to 59 year old could 

not remain the same in all jurisdictions. As indicated, effective screening requires organized 

programs and may varying with disease incidence, population characteristics, and structures 

of financial and health-care systems. Considering the high variability in determinants of benefits 

and harms of screening, implementing BCS programmes without proper evaluation in these 

countries is risky, and so the results of the reviews should be extrapolated to LMICs with caution. 

For LMICs with high breast cancer incidence and mortality, available early detection programmes, 

and sufficient capacity, piloting mammography screening among women aged 50–69 years 

should be combined with evaluation of implementation outcomes before programme scale-up.

Summaries of evidence: ultrasonography, clinical breast examination, and breast self-

examination

The reviews agree on no solid evidence of mortality reduction with ultrasonography and CBE, 

and evidence of no effect and higher harms with BSE. Although our review could not summarise 

evidence from the reviews on reduction in advance breast cancers with CBE, the IARC 

Handbook on BCS concluded on sufficient strength of evidence regarding shifts in the stage 

distribution of tumours detected55. Because mortality reduction with ultrasonography and CBE 

screening is not confirmed while evidence of potential harms exists, r population programmes 

applying these approaches in countries without access to mammography are questionable. The 

sensitivity of both methods varies significantly, and real-world implementation may not reach the 

accuracy reported in trials. The accuracy of these screening approaches is provider-dependent; 

although CBE is perceived as a low-cost modality, its implementation in communities may entail 

substantial expenses related to quality assurance, invitations, and opportunity costs.
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Because of the lack of solid evidence, the benefits and harms of ultrasonography and CBE 

should be explored further within pilot studies. We consider that appropriate implementation 

studies on these interventions are necessary even in countries with limited resources, because 

opportunistic benefits and costs may affect the functioning of the other health programmes.

Research and information gaps

We consider that additional reviews should be discouraged until new original evidence is 

available. The quality of reviews could be better standardised if the authors were systematically 

required to apply quality grading instruments to their submitted manuscripts.

More original research on benefits and harms of CBE, ultrasonography, and mammography 

screening among older women is required, which is especially important considering increasing 

life expectancy. Research targeted at improving the benefit-to-harm ratio of BCS should be 

encouraged. 

The lack of primary and secondary research in LMICs does not enable extrapolation of the 

evidence to these settings. Because all screening approaches are operator-dependent, high-

quality studies are required to gather effectiveness and implementation outcomes of the piloted 

BCS programmes.

Limitation

Considering the large scope of this systematic review, it is possible that we missed some of the 

important information despite the comprehensive approach to the evidence search and data 

extraction. We noted the limitations of using AMSTAR for judging the quality of reviews on cancer 

screening; some questions on AMSTAR may not be important for reviews of screening studies 

(such as conflicts of interest of the included studies), low AMSTAR scores may be related to 

journals’ editorial policies on reporting, and high AMSTAR scores may not always mean the 

absence of biases.

Conclusion

Mammography screening for women aged 50 to 69 years results to decrease in BCM, but not all- 

cancer and all-cause mortality. It also causes harms, such as overdiagnosis and FPR, which are 

higher with more frequent screening. The conclusions of the reviews on benefits and harms of 

mammography were not consistent for the other age groups. No clear determinants of benefits 

and harms of mammography screening were identified.  The other BCS approaches, such as 

US, CBE, BSE, cause harms but do not have sufficient evidence on mortality decrease. 

Systematic reviews of mammography screening, mainly targeting high-income countries, 

are discordant in their interpretation of benefits and harms of screening, and their ratio. Their 
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ABSTRACT

Background

Currently, all European countries offer some form of breast cancer screening. Nevertheless, 

disparities exist in the status of implementation, attendance, and the extent of opportunistic 

screening. As a result, breast cancer screening has not yet reached its full potential. We examined 

how many breast cancer deaths could be prevented if all European countries would biennially 

screen all women aged 50-69 for breast cancer. 

Methods

We calculated the number of breast cancer deaths already prevented due to screening as 

well as the number of breast cancer deaths which could be additionally prevented if the total 

examination coverage (organised plus opportunistic) would reach 100%. The calculations are 

based on total examination coverage in women aged 50-69, the annual number of breast cancer 

deaths for women aged 50-74, and the maximal possible mortality reduction from breast cancer, 

assuming similar effectiveness of organised and opportunistic screening,

Results

The total examination coverage ranged from 49% (East), 62% (West), 64% (North) to 69% 

(South). Yearly 21,680 breast cancer deaths have already been prevented due to mammography 

screening. If all countries would reach a 100% examination coverage, 12,434 additional breast 

cancer deaths could be prevented annually, with the biggest potential in Eastern Europe. With 

maximum coverage, 23% of their breast cancer deaths could be additionally prevented, while in 

Western Europe it could be 21%, in Southern Europe 15%, and in Northern Europe 9%. 

Conclusion

This study illustrates that by further optimising screening coverage, the number of breast cancer 

deaths in Europe can be lowered substantially. 
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INTRODUCTION

Breast cancer is a major public health problem in Europe. It is by far the most frequently diagnosed 

neoplasm in European women and is responsible for nearly one third of all new cancer cases 

among women in 31 European countries in 20181. Breast cancer is also the leading cause of 

death in European women1 2. 

Randomised trials and several observational studies have demonstrated that systematic 

screening of eligible women through quality-assured population-based programmes for breast 

cancer reduces mortality from this disease3-15. 

Based on this evidence, in 2003 the European Commission’s Initiative on Breast cancer Guidelines 

Development Group (GDG) published their first guidelines for organised mammography 

screening programmes for early detection of breast cancer in asymptomatic women with a 

strong recommendation to inviting women ages 50-69, every two years16 17. The guidelines and 

recommendations have been updated and expanded regularly ever since based on updated 

evidence on efficacy or diagnostics, resulting in extending the recommendations to triennial or 

biennial screening the age-groups 45-49 and 70-74 in the context of an organised screening 

programme17. 

At present, breast cancer screening programmes are well established in most European countries 

and all have some form of screening for breast cancer. Nevertheless, disparities exist in terms 

of the status of implementation, the extent to which screening programmes are organised, the 

invitation coverage, the coexistence with opportunistic screening activity and the attendance to 

screening18.

In order to know to which extent the European recommendations have been adopted, reports on 

the implementation have been published in 2007 and 20173 18. It was shown here as well as in 

other studies that the coverage of (organised) screening is of key importance in order to tap the 

full public health potential  in terms of reduction in mortality from breast cancer19 20. 

However, in most European countries, opportunistic and organised screening coexist. Thus, to 

expect mortality reductions only from population-based screening programmes would probably 

lead to an underestimation of the total effectiveness of screening. 

The primary aim of this study was to investigate what the effect would be of an increased or 

even complete breast cancer screening coverage on breast cancer mortality for each European 

country and if this effect differs between the four European regions. Therefore, we estimate 

how many breast cancer deaths have already been prevented due to screening and how many 
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deaths could additionally be prevented if countries would screen all women in the age-group 50-

69 years every two years for breast cancer with a hypothetical 100% coverage of screening in the 

advised target age groups. The secondary aim was to provide an overview of screening practice 

and the amount of organised as well as opportunistic screening in Europe.

METHODS

Data

Data providers

As part of the EU-TOPIA project (TOwards imProved screening for breast, cervical and colorectal 

cancer In All of Europe), we collected data (see indicators listed in this section) of a recent 

year from over 36 data providers from 31 countries (see list of collaborators). They were either 

European screening organisers, researchers and/or policymakers. The data providers were 

contacted to collect any missing data, to correct any apparent inconsistencies and to approve 

on the use of it. For only a few countries (Greece, Portugal and Romania) data was completely 

missing despite best efforts of the authors to involve potential data providers. By utilizing other 

data sources like published reports3 or online databases (e.g. the Cancer Mortality Database of 

the WHO21 or ECIS - European Cancer Information System22), we filled these data gaps.

While our focus was clearly on national data, those were not available for a few countries. In 

Belgium, Spain, Sweden, Switzerland and the UK, healthcare delivery is organised at regional 

level with effectively independent screening programmes. Therefore, the data for the Belgian 

regions as well as the data for Scotland, Northern Ireland, England and Wales are presented 

separately in this study, while the data providers from Spain, Sweden and Switzerland could 

provide national estimates.

Indicators

Examination coverage of organised screening

Based on the IARC Handbook of Cancer Prevention (2015)23 we defined organised screening 

as screening programmes organised at the national or regional level, with an explicit policy, 

including an active invitation of the entire target population and monitoring of cancer occurrence 

in the target population. For this study, the examination coverage of organised screening was 

specified as the proportion (%) of the target population (here: 50-69-year-old women) screened 

in the chosen report year after invitation. For countries without a population-based programme, 

the proportion is zero. 
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Examination coverage of opportunistic screening 

Opportunistic or non-organised screening refers to all other breast cancer screening activity 

where individual invitations are not sent to the women in the eligible population or when women 

undergo a mammography outside or additionally to the (existing) screening programme3 23. 

Mammograms for symptomatic women are not counted as opportunistic screening. Generally, 

opportunistic screening is not monitored and is thus difficult to quantify. We asked the data 

providers to estimate opportunistic breast cancer screening by utilizing insurance data, survey 

results or by providing their expert opinion. If that was not possible, we applied the mean 

examination coverage of opportunistic screening of the European region. 

Total examination coverage

We based our calculations on the total examination coverage as the sum of both organised and 

opportunistic examination coverage. For countries without an organised breast cancer screening 

programme and no estimate of opportunistic screening, we applied the region-specific average 

of the total examination coverage.

Breast cancer deaths

We included the absolute number of breast cancer deaths in women aged 50 to 74 years in 

the report year for each country or region within a country. In addition to the recommended 

screening ages range 50-69 we included breast cancer deaths for five additional years in ages 

70-74 to account for death occurring after the last screening round. 

Mortality reduction

The maximal possible mortality reduction is taken from a recently published systematic review 

on breast cancer mortality reduction due to screening7. In this publication, the authors identified 

those studies among 61 included studies that provided best evidence for breast cancer mortality 

reduction due to screening for each European region, based on observed data.

The identified studies (Table 1) represent point estimates for breast cancer mortality reduction 

due to breast cancer screening for each European region. These point estimates were 33% 

in Finland (North), 50% in Italy (South) and 58% in the Netherlands (West). We assume those 

reductions to be the same across all screened age groups. No studies from Eastern Europe 

met the initial inclusion criteria and subsequently evidence for mortality reduction due to breast 

cancer screening was lacking. Consequently, for these countries we applied the point estimate 

from Southern Europe as it is the medium value and because these two regions may seem fairly 

comparable in terms of the extent of screening coverage and the role of opportunistic screening. 
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Figure 3: Percentage of breast cancer deaths that could be additionally be prevented if examination 
coverage would increase to 100%, per European country*

*Belgium is depicted as one country whereas in the calculation three highly autonomous regions Flanders, Wallonia and 
Brussels are included. These regions have very disparate screening programs for breast cancer (see Table 2) resulting in 
very different effects of an increased total examination coverage (Table 3).
Only 8 of the 26 Swiss cantons have organised breast cancer screening programmes which causes substantial variation in 
the distribution of organised versus opportunistic screening across regions. On a national level, total examination coverage 
was only 25% in 2015 (14% organized and 11% opportunistic) according to the national expert. Thus, a national examination 
coverage of 100% would further reduce breast cancer deaths by 44%.  

DISCUSSION

This study illustrates how breast cancer screening in Europe already has a substantial impact by 

preventing nearly 21,700 breast cancer deaths per year. In addition, through further optimising 

screening coverage, the number of breast cancer deaths of European women could be further 

reduced signifi cantly. The effect would be particularly notable in Eastern and Western Europe. 

Thus, rolling-out a breast cancer screening programme with complete coverage across the 

country is particularly favourable for Swiss women as it would further reduce breast cancer 

deaths by 44%. In contrast, all Nordic countries have consistently high coverage rates through 

their organised programmes (between 72% and 81%) plus a very low coverage of opportunistic 

screening for breast cancer (between 1% and 5%). When the total examination coverage for 

women aged 50-69 is already as high as 84%, not many additional breast cancer deaths could 

potentially be prevented if screening was extended to 100%.
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Screening provides both harms and benefits, and therefore it is important to ensure a good 

balance between the two. Information on the balances of benefits and harms is needed 

to demonstrate that a chosen screening policy and programme with all its components and 

protocols is appropriate for any given country. In this paper, however, we focus solely on the 

primary aim of (organised) breast screening which is to reduce mortality from breast cancer 

through early detection16 20. 

The calculations for this present analysis are based on the assumption that opportunistic and 

organised breast cancer screening can lead to the same level of cancer specific mortality 

reduction. However, past studies resulted in slightly conflictive results. For example, a study 

in Denmark found that the sensitivity was twice as high for organised screening, while the 

specificity of organised and opportunistic screening was found to be similar24. Hofvind et al. 

compared opportunistic breast cancer screening in Vermont (USA) with organised breast cancer 

screening in Norway25. Both screening systems detected cancer at about the same rate and at 

the same prognostic stage. A study from Switzerland found that there was little difference in 

stage distribution and detection rates between cantons with only opportunistic screening and 

cantons with both organised and opportunistic screening26, indicating that both are similarly 

effective. It was noted however that the quality of opportunistic screening in Switzerland probably 

benefitted from the training of radiographers, a higher reading volume of radiologists and the 

technical and quality-controlled procedures of the organised programme. 

In summary, the main differences between organised and opportunistic screening can be seen 

in attendance27, equity27, and cost-effectiveness28 which are all (much) better in organised 

screening. With regards to quality aspects, opportunistic screening might be quite similar to that 

of organised screening. Moreover, since opportunistic screening takes place next to organised 

screening in most countries (Bulgaria, Romania, Slovakia and Greece being the exception), it 

can profit from advantages of the organised system. Consequently, we are confident that by 

conflating opportunistic and organised screening for calculations and argumentations, we can 

increase the relevance of this paper. 

The European guidelines for quality assurance in breast cancer screening and diagnosis 

consider participation rates above 70% as acceptable and above 75% as desirable29. In line with 

those guidelines, we do not actually propagate a screening coverage of 100% as this probably 

conflicts with informed choice30. However, by basing our calculations on a hypothetical goal of a 

screening coverage of 100% of eligible women, we assessed the maximum potential of breast 

cancer screening for each country.
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This study focuses on screening women ages 50-69 as this is currently the practice in most 

European countries. Despite some exceptions (Table 2), women aged 70–74 are usually not 

eligible for mammography screening because there was insufficient evidence that screening 

would reduce mortality for women in this age group. Previous randomized controlled trials (RCTs) 

and observational studies on breast cancer screening have not generally included women aged 

70 years and over. In their newest screening (conditional) recommendations, however, the 

European Commission Initiative on Breast Cancer suggests that average-risk and asymptomatic 

women between 45 and 49 as well as between 70 and 74 years old, have mammography 

screening for breast cancer.

Several further considerations inform the interpretation of our study. There is an ongoing debate 

as to which study design is the gold standard for estimating the true effect of screening on 

cancer specific mortality23 31 32. For this study, we considered that high-quality case control 

studies7 provide the most informative data. RCTs were conducted more than 20 years ago when 

adherence to screening was less and the quality of screening programmes and breast cancer 

care were less advanced than today. In contrast, observational studies of screening are known 

to be prone to bias as there is no unselected unscreened group. Women who do not participate 

in screening might have a higher a priori risk of breast cancer mortality. If that was so, our 

assumption of a proportional relationship between screening coverage and reduction in breast 

cancer mortality would not hold. Therefore, it was of particular importance to base our analysis 

on estimates of mortality reduction that were not influenced by self-selection bias. 

The regional point estimates from individual studies on mortality reduction due to breast 

cancer screening, which our calculations are based on, differ quite significantly. These 

differences indicate differences in evaluation designs, in target ages, in ages of follow-

up of breast cancer incidence or mortality, in duration of follow-up since first invitation, in 

comparison groups, and in assessment methods of self-selection bias9 12 33 7. Therefore, the 

region-specific point estimates are not directly comparable with each other and they should 

not be used as a “quality indicator” for organized breast cancer screening in each region.  

Despite the different effect sizes, we are confident that our three regional estimates do not present 

an overestimation of the benefit of mammographic screening. They are well in the range of an 

analysis of Broeders at al. from 20125 who present a pooled breast cancer mortality reduction for 

women who actually participated in screening of 38% based on incidence based mortality studies 

(OR = 0.62 [0.56-0.69]) and 48% based on case control studies (OR = 0.52 [0.42-0.65], adjusted 

for self-selection). An analysis similar to this study has been published in 2013. Mackenbach and 

McKee34 estimated there would be over 17,000 fewer breast cancer deaths each year if all countries 

in the EU could reduce death rates to those in the best performing country, Sweden. However, this 

study was based on cause- and age-specific death rates only rather than the combination of 

cause- and age-specific mortality and the extent of screening activity.
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To our knowledge, there have been no other studies so far that have estimated the effect of breast 

cancer screening on cancer specific mortality when brought to its full potential based on the total extent 

of breast cancer screening activities in Europe. We were able to provide an extensive overview of the 

amount of organised as well as opportunistic screening in Europe by consulting national experts. 

Accordingly, some of the national estimates on screening uptake have never been published before. 

However, our study also has some potential limitations. The first limitation is the uncertainty 

regarding the coverage of opportunistic screening as these numbers are based on expert 

opinion or on national extrapolations of regional observations. Secondly, because the organised 

breast cancer screening in the UK as well as Malta is triennially rather than every two years, 

this led to a slight overestimation of the breast cancer death prevented. Third, our calculations 

probably led to an underestimation of the already prevented and additionally preventable deaths 

for the few countries which invite and screen women that are younger than 50 or older than 69. 

The fourth limitation is the fact that the number of breast cancer deaths and the estimates of 

examination coverage come from the same report year although the most recent breast cancer 

deaths rather reflect the past (e.g. 5-10 years ago) than current screening practice. 

Our analysis paves the way for further research as it could potentially be applied to the other two 

cancer sites for which the European Council recommends screening: cervical and colorectal 

cancer. 

This study illustrates that by further optimising screening coverage, the number of breast cancer 

deaths in Europe could be lowered substantially. Therefore, countries which do not yet offer 

organized screening for the target age range of 50 to 69 should strongly consider it based on 

our results. In addition, even when programmes to screen for breast cancer exist, much is still to 

be done. This includes increasing screening coverage through evidence-based interventions35 36 

and removing barriers to effective breast cancer screening37 38. 
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INTRODUCTION

The main benefit of breast cancer screening is a reduction in breast cancer mortality through 

early detection1–6. However, screening also causes harm. Important harms associated with 

breast cancer screening are overdiagnosis and false-positive results5.

Based on evidence regarding the harms and benefits, the European Commission’s Initiative 

on Breast Cancer Guidelines Development Group (GDG) strongly recommends inviting women 

ages 50–69 to mammography screening every two years7. Therefore, most European countries 

adopted biennial screening for breast cancer in this age range8,9. Updated evidence on efficacy 

resulted in extended (conditional) recommendations to triennial or biennial screening for age 

groups 45–49 and 70–74 in an organized screening programme7.

Several factors influence the balance between benefits and harms of screening women younger 

than 50 and older than 69 years. The most important is that breast cancer incidence increases 

with age10 11. Furthermore, the sensitivity of mammography decreases with increasing breast 

density. Younger women have higher breast density, with lower test sensitivity and more false-

positive results12–14. These two factors might result in smaller benefits and more harms of 

screening. In contrast, the benefits of screening women ages 70–74 might be limited due to the 

higher death rate from competing causes with advancing age, thus fewer life-years gained (LYG) 

and increases in overdiagnosis. 

Unfortunately, there are only a few screening programmes that have accomplished long-term 

evaluations on the balance between harms and benefits8. Often only short-term indicators for 

benefits and harms are available. Despite several previous studies which assessed the harm-to-

benefit-ratios of existing programs for breast cancer12,15,16, there is no published analysis of the 

relationship between harms and benefits for varying age ranges and countries.

Therefore, the aim of this study is to assess harm-to-benefit ratios of breast cancer screening vary 

by age in four European countries. To this end, we calibrated and validated a microsimulation 

model for each of the four exemplary countries. This study was conducted within the scope 

of EU-TOPIA. In this project, one exemplary country with high-quality observational data was 

selected to be representative for each European region (the Netherlands for Western Europe, 

Finland for Northern Europe, Slovenia for Eastern Europe and Italy for Southern Europe). Using 

these country-specific models, we estimated the harms and benefits of various screening age 

ranges. 
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MATERIALS AND METHODS

Model Overview

The effects of screening for varying age groups were assessed using the Microsimulation 

Screening Analysis (MISCAN) model17. MISCAN simulates individual life histories and assesses 

the consequences of introducing a screening program on these life histories using the Monte 

Carlo method. Possible events in the life histories are birth and death of a person, onset of a 

pre-clinical ductal carcinoma in situ (DCIS), transitions between disease states, participation in 

screening and screen- or clinical detection of a cancer. (see Supplementary materials for more 

information on the MISCAN-Breast structure and underlying assumptions). 

For each of the four countries, we adjusted and calibrated the MISCAN model to reflect differences 

in population demography (i.e., age distribution of the population and life expectancy), disease 

risk (i.e., breast cancer incidence and stage distribution) and potential differences in the natural 

history of breast cancer. In developing each model, we used a specific calibration process 

(Supplementary materials, chapter 6). The model optimized a set of unobservable parameters 

(e.g., stage-specific sensitivity) to match observed data (e.g., detection rates). Thus, we first 

validated the model versions replicating the data that were used in the calibration process 

(internal validation). Then, we externally validated the models against best evidence based on 

a recently published systematic review on breast cancer mortality reductions due to screening4 

(Supplementary materials, chapter 7). 

Analysis

For each country, we simulated a cohort of 10 million women born in 1975 and followed all 

women from age 45 until death. First, we simulated the reference screening strategy with biennial 

screenings from age 50 to 69 years, assuming 100% examination coverage. We assumed 100% 

to achieve harm and benefit predictions of the tested screening strategies unaffected by external 

behavioural factors. We then determined the harms and benefits in comparison to no screening. 

Next, we determined the incremental harms and benefits of extending biennial breast cancer 

screening to start at age 45 and to stop at age 74. 

Outcomes 

Benefits were expressed as breast cancer deaths averted and LYG. Harms were ex-pressed 

as false positives and overdiagnoses, calculated as the difference in the number of diagnosed 

breast cancers in the presence of screening and in the absence of screening, using lifelong 

follow-up.
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Table 1. Input values for the parametric sensitivity analysis, per country

Slovenia Finland Netherlands Italy

Examination coverage by per age-group 1

     45-49 54.3%2 85.0%2 75.5%2 59.6%2

     50-54 54.3% 85.0% 75.5% 59.6%

     55-59 65.0% 85.9% 76.2% 63.2%

     60-64 52.4% 86.8% 76.3% 63.9%

     65-69 48.8% 73.0% 75.7% 61.5%

     70-74 48.8%2 73.0%2 70.1% 61.5%2

Stage-specific sensitivity of digital mammography DCIS 0.726 0.5963 0.8654 0.821

Stage-specific sensitivity of digital mammography T1a 0.785 0.811 0.5533 14

Stage-specific sensitivity of digital mammography T1b 0.656 0.7614 0.4813 0.717

Stage-specific sensitivity of digital mammography T1c 0.7803 0.9464 0.857 0.814

Stage-specific sensitivity of digital mammography T2+ 1 1 1 1

Referral rate by age5

< 50 0.040 0.030 0.0303 0.0654

> 50 0.034 0.028 0.0233 0.0584

1 The examination coverage of (organized) screening is specified as the proportion (%) of the target population per age-
group screened in the chosen report year after invitation. These observed parameters stem from the following years: Finland 
2014, Netherlands & Italy 2015, Slovenia 2016. 2 For those countries that screen women within the age-range 50-69, we 
assume the same examination coverage for the age-group 45-49 and 70-74 as the nearest age-group which we have 
observed data for. 3 This country has the lowest calibrated sensitivity/observed referral rate for the respective cancer stages. 

4 This country has the highest calibrated sensitivity/observed referral rate for the respective cancer stage. 5 The referral rate 
represents the percentage of participants with abnormal screening results who are referred for further diagnostic testing. 
This rate depends on the screening protocol adopted for referring women to assessment (i.e. positivity criteria, double vs. 
single reading), previous opportunistic screening, as well as the quality of screening tests.

Supplementary methods). The models also predicted that there would be 3 (range 2.5–3.3 across 

countries) overdiagnosed breast cancer cases per 1,000 women when screening between ages 

50–69 (Table 2). The overdiagnosed breast cancer cases/breast cancer deaths averted ratio 

is estimated to range between 0.2 (Italy) and 0.5 (Slovenia). The false-positives/breast cancer 

deaths averted is estimated to range between 11.6 (the Netherlands) and 45.7 (Italy). Hence, 

0.2–0.5 women would be overdiagnosed and 12–46 women would be confronted with a false-

positive finding for every woman prevented from dying from breast cancer.
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In all countries, adding screening below the age of 50 or after the age of 69 resulted in more life-

years gained and more breast cancer deaths averted, but at the expense of increases in harms. 

For example, screening 1,000 women aged 50–74 in Finland is expected to avert 2.4 additional 

breast cancer deaths, but it would also yield 1.4 additional overdiagnosed cases (Table 2). 

In all countries, the false-positive-related ratios are larger for the younger age ranges and smaller 

for the older ones compared to reference strategy 50–69. In contrast, the over-diagnosis-related 

ratios are larger for the older age ranges and tend to be smaller for the strategies where women 

are screened below the age of 50 (Table 2). 

The percentage change in the harm-to-benefit ratios in comparison to the reference strategy is 

presented in Figure 1. In all countries, screening women between ages 45–69 would result in 

smaller overdiagnosis-related ratios. This is particularly pronounced for the ratio of overdiagnosed 

breast cancer cases to life-years gained. This ratio is 11% (Finland) to 13% (Italy) smaller for 

the strategy 45–69 than for the reference strategy. On the other hand, the false-positive-related 

harm-to-benefit ratios for adding screening before the age of 50 or after the age of 69 are less 

favourable than for screening women between ages 50 and 69.

Of the three alternative strategies, 45–74 is the least optimal age range for screening women 

in Slovenia, the Netherlands and Italy, as it would lead to an increase in all ratios. In Finland, 

the least optimal strategy for screening women appears to be 50–75, where the overdiagnosis-

related ratios would result in substantial increases (51% and 67%, respectively, Figure 1).

Sensitivity Analysis

The overdiagnosis-related ratios were relatively insensitive to changing screening test 

characteristics (Supplementary materials, Table S9). However, the false-positive-related ratios 

were strongly affected by referral rates, leading to an average 14% reduction when applying the 

lowest age-specific referral rates vs. a two-fold increase when applying the highest age-specific 

referral rates across all countries. Applying the observed coverage in-stead of 100% increased 

the overdiagnosis-related ratios on average by 3% and diminished the false-positive-related 

ratios by 15%. Varying the values of our input parameters did not affect the magnitude of change 

of each of the harm-to-benefit ratios when com-pared to the reference strategy of ages 50–69 

(Supplementary materials Figures S12–S16).
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DISCUSSION

We were able to calibrate and validate four country-specific microsimulation models in order to 

investigate long-term outcomes of four breast cancer screening strategies for each European 

region. Therefore, our results are likely to be relevant to other European countries as well. We 

found that the ratio of overdiagnosed breast cancer/breast cancer deaths averted could be 

optimized if screening programs would screen women between ages 45 and 69. By extending 

the target age range, both the number of life-years gained and breast cancer deaths averted due 

to screening would increase. However, aside from benefits, extending the screening ages is also 

associated with additional harms. Of the three alternative strategies, 45–74 is the least optimal 

age range for screening women in Slovenia, the Netherlands and Italy, while the least optimal 

range is 50–75 in Finland. 

The impact of the two harms used in our study is considerably different. False-positive results 

are the most frequent harm of mammography screening, leading to unnecessary testing 

and an increased benign biopsy rate. In contrast, overdiagnosis is less common, but has a 

substantial impact. The detection of overdiagnosed cancers turns women into patients, leading 

to surgery and treatments, which can cause harm and adversely affect quality of life5. Moreover, 

overdiagnosis leads to additional costs and use of healthcare resources. In contrast, false-

positive results cause only short-term anxiety, and there is no measurable health utility decrement 

from this harm18. 

It can be debated whether the most serious harm (overdiagnosis) of screening should have equal 

priority to the most important benefit (the reduction in breast cancer mortality)19. However, we 

believe that the comparability of the two events should be considered. The value of a life saved 

versus an overdiagnosed case or their consequences are obviously of different magnitude20. 

Being overdiagnosed markedly influences the quality of life of women who experience it as it 

may cause suffering and anxiety, but it does not affect life expectancy. However, breast cancer 

screening extends lives5,21, and therefore many women think overdiagnosis is worth the gain 

from the potential reduction in breast cancer mortality. In a discrete-choice experiment, Sicsic22 

estimated that women would be willing to accept on average 14.1 overdiagnosed cases and 

47.8 false-positive results to avoid one breast-cancer-related death. These results indicate that 

women consider over-diagnosis 3.4 times as harmful as false-positive results. The ratios we 

found are well be-low these thresholds for overdiagnosis per death averted. In all modelled 

strategies and countries, there are more deaths averted (range 2–3) for every overdiagnosed 

case. In contrast, two strategies (45–69 and 45–74) in Slovenia and Italia, respectively, have 

false-positive results per averted breast cancer death above this threshold. 
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Our analysis was based on a cohort approach, where women 45 years of age were followed 

until death. While this approach still considers country-specific all-cause-mortality differences, it 

eliminates all other external factors such as differences in age structure and makes it possible 

to solely judge the effect of a change in screening strategy and to compare this effect between 

countries. However, in reality the differences in age structures between countries might actually 

play a role and thus affect the decision for a change in screening policy. Of the four countries in 

this analysis, the Italian population is relatively young, and the Finnish population is relatively old 

(Supplementary materials, Table S1).

To our knowledge, no previous studies analysed the relationship between harms and benefits 

for varying age ranges and countries. Some studies have specifically assessed the harm-to-

benefit ratios for breast cancer screening, but only for the age range 50–69. The EUROSCREEN 

group estimated 4 overdiagnosed cases and 7 to 9 averted breast cancer deaths per 1,000 

women, giving a ratio between 0.6 and 0.420,23. An independent United Kingdom review found 

an overdiagnosis/breast cancer deaths averted ratio of three to be acceptable5. The variation 

in these results may represent methodological differences, for example in study design and 

length of follow-up24. Our findings for Southern Europe (Italian model) are in line with results of 

a modelling study for the Basque country, where Arrospide et al.25 estimated an overdiagnosis/

breast cancer deaths averted ratio of 0.3. Van Luijt26 evaluated the Norwegian Breast Cancer 

Screening Program in a microsimulation study and estimated a harm-to-benefit ratio of 0.23, 

whereas we estimated the ratio to be 0.32 for Northern Europe (Finnish model). In a life table 

model analysis for the United Kingdom, Pashayan27 assessed that woman who undergo age-

based triennial screening between 50 and 69 have twice as many overdiagnosed cases than 

prevented breast cancer deaths. In contrast, we estimated four times more benefits than harms 

for Western Europe (Dutch model), despite a shorter screening frequency and higher assumed 

attendance.

Differences in model estimated ratios likely reflect differences of overdiagnosis estimates, 

which can vary due to factors such as contrasting definitions of the population at risk. Besides, 

differences in main model assumptions including the natural history of the disease, differences 

in length of follow-up and differences in goodness-of-fit of each model can also explain varying 

estimates24,28.

Some limitations of this study have to be considered. First, the improvement of prognosis is 

based on trial data for women age 50–69 years29,30. We assumed the same improvement in 

survival for women outside this age range31. Second, our predictions are based on a cohort 

of women born in 1975. If life expectancy for older women continues to increase in the future, 

then we might have underestimated the benefits and overestimated the harms of screening for 

the strategy that screened beyond the age of 69. Third, we maintained the standard two-year 
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screening interval now adopted for the 50 to 69 age range for the alternative strategies, but there 

is uncertainty about the optimal screening interval for these age ranges, with recommendations 

ranging between 1 and 3 years. Future work could address different screening intervals by age.

We based our analysis on a comparison to the biennial screening from age 50 to 69 years 

irrespective of the actual screening policy in each of the four countries. However, the Dutch 

national breast cancer screening program invites women between 50 and 75 years of age. For 

the Netherlands, we found that when changing the reference strategy to the current strategy, 

our findings consistently show that starting screening 5 years earlier would lead to better 

overdiagnosis-related ratios. This is consistent with a previous microsimulation study based on 

the same Dutch model showing that digital mammography screening between age 40 and 49 in 

the Netherlands, in addition to the current screening strategy, is cost-effective 17. 

The triad of benefits, harms and costs is a key element of health policy decision making. 

Future research should extend the harm-to-benefit ratios of breast cancer screening to a cost-

effectiveness analysis. Such an analysis would consider additional screening effects, such as 

treatment-related advantages or quality of life, as well as costs. 

CONCLUSIONS

Our study provides insight as to how harm-to-benefit ratios of breast screening pro-grams could 

be improved by adapting the age range of screened women. Assuming different strategies, this 

modelling study represents meaningful information on the magnitude of harms and benefits. 

However, the interpretation of our results depends on how the considered harms and benefits 

are prioritized by political decision makers.
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Figure S1. Transitions in the MISCAN-Breast model. The arrows represent the possible transitions.
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2.4. Treatment Part 

Any screen detected or clinically detected disease transits directly to one of the four treatment 

states: no therapy; chemotherapy; hormonal therapy; or a combination of chemotherapy and 

hormone therapy. The probability for a certain treatment is dependent on disease stage, age, 

calendar year, and detection mode.

A woman in a treatment state can die, either of breast cancer or from other causes. Other-cause 

mortality is determined by the life table.

The survival time is dependent on age- and stage- and treatment specific survival estimates. 

2.5. Screening Part 

In the third part of the model, screening for breast cancer is simulated. After the life history of a 

person is adjusted for breast cancer, the history will now be adjusted for the effects of screening. 

The screening part is simultaneously run with the natural history part, making detection of DCIS 

lesions or cancers in different states possible. 

Persons can be invited to participate in screening at specified ages as defined in the screening 

policy. Depending on the test used and the tumour stage at the moment of the screening test, 

there is a probability of a positive test result. Screening may detect a DCIS lesion or invasive 

cancers. Women with a true positive result may receive (adjuvant) treatment. In the model, 

treatment starts immediately once a tumour is screen- or clinically detected. Screening leads 

to the detection of smaller tumours (in comparison to clinically detected tumours), which may 

improve survival after diagnosis (stage shift). The effectiveness of screening depends on the 

screening test characteristics (see Parameter Overview). The effect of screening on the life 

history of an individual is explained in Figure S2. 
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Because, in principle, all diagnosed breast cancers are treated, it is not exactly known how the 

disease would have developed without intervention. Hypotheses have to be made on the onset 

rate of preclinical cancer and the average sojourn time (the period in which a pre-clinical tumour 

can become detected by screening). The fraction of invasive breast cancers that is preceded by 

DCIS is uncertain, and it is unknown whether all preclinical DCIS cases progress, or if some are 

dormant or regress. Furthermore, assumptions need to be made on the age- and stage-specific 

fatality of cancer and the impact of a screening program. The role of underlying time trends, such 

as an increasing prevalence of certain risk factors for breast cancer and developments in breast 

cancer treatment and screening further complicates our analyses.

This does not imply that the natural history of breast cancer is completely unknown. Some 

indirect inferences can be made from randomized controlled trials and screening data. The 

average duration of pre-clinical cancer, for instance, is proportional to the ratio between the 

detection rate in the initial screening round and the clinical incidence rate without screening. 

Based on stage-specific incidence rates of clinically diagnosed and screen-detected breast 

cancer and rates of interval cancer, progression and regression rates might be assessed. Using 

detection rates per screening round and interval cancer rates, the sensitivity of mammography 

could be estimated. The survival after a breast cancer diagnosis and the influence of a screening 

program on these survival rates can be deducted from the randomized trials. In MISCAN, the 

effectiveness of screening was based on the Swedish Trials1–4. Despite the fact that these trials 

have been performed in the seventies and eighties, the observed breast cancer mortality in the 

Netherlands (and other countries) could be reasonably modelled using these data.

5. Model Parameters

5.1. Demographic Part 

	 1. 	 One-year birth cohorts

	 2.	 Proportion of the population in each birth cohort

	 3.	 Life table

5.2. Natural History Part 

	 1. 	 Mean duration of preclinical screen-detectable cancer by age and stage

	 2. 	 The probability of a transition between the stages

	 3. 	 Annual increase in background breast cancer incidence (without screening)

	 4. 	 Long-term relative survival by clinical stage and age 

		  a. Without adjuvant treatment

		  b. With hormonal treatment

		  c. With chemotherapy

		  d. With hormonal and chemotherapy

	 5. 	� Reduction in risk of dying of breast cancer by age and preclinical stage after screen-

detection
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5.3. Treatment Part 

Proportion by age and stage that are treated with adjuvant therapy

5.4. Screening Part 

	 1. 	 Screening attendance by age 

	 2. 	 Test sensitivity of digital mammography by age and preclinical stage

	 3. 	 Improvement of survival

	 4. 	 Proportion referral by age 

6. Model Calibration

The values of some parameters in Section 5 can be observed directly, and will be calculated 

based on data in the EUTOPIA data template. Other values are available from literature.

However, some model parameters cannot be derived from observational data (e.g., mean 

duration of preclinical screen-detectable cancer by age and stage). Therefore, these parameter 

values need to be calibrated (fitted). Calibration involves estimating the parameter values in a 

way that the simulated outcomes fit the observed data.

6.1. Calibration Parameters

	 1. 	 Mean duration of screen-detectable preclinical stage by age and stage

	 2. 	 Test sensitivity of digital mammography by  preclinical stage

	 3. 	 Onset of the disease by age

	 4. 	 Increasing incidence by year

	 5. 	 Probabilities of immediate and slow progression from DCIS to T1A

	 6. 	 Survival

6.2. Regional EU-TOPIA Models

Because the values of the calibrated parameters might differ across Europe, four different 

models were calibrated. From each European region, an exemplary country with high quality 

observational data, including the screening behaviour of that population, was selected to be 

representative for that region (the Netherlands for Western Europe, Finland for Northern Europe, 

Slovenia for Eastern Europe and Italy for Southern Europe). 
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INTRODUCTION 

Early detection and diagnosis of breast cancer are effective ways to lower the burden of the 

disease1-3. In Italy, organized breast cancer screening began in the 1990 in the city of Florence, 

with inviting the 50–69-year-old female population. More regions followed and Italian guidelines 

have been initiated to recommend inviting women aged 50–69 to undergo mammography every 

two years, in accordance with EU Recommendations4. At present, there is no nationally organized 

breast cancer screening program in Italy, but regional health authorities have a mandate to 

implement breast cancer screening programs, following national guidelines. All resident women 

in the target age range must be invited, and all screening tests, ascertainment and treatments 

are free of charge5. The performance of all regional screening programs is regularly monitored 

by the National centre for screening monitoring (Osservatorio nazionale screening, ONS) on 

behalf of the Ministry of Health.

Despite the early detection efforts, in practice, the cancer screening programs fail to achieve their 

full potential. The European Union funded EU-TOPIA6 (Towards improved screening for breast, 

cervical and colorectal cancer in all of Europe) project, which aims to improve health outcomes and 

equity of breast, cervical and colorectal cancer screening programs across Europe, developed 

a self-assessment tool for the purpose of identifying the barriers to the optimal operation of 

population-based breast cancer screening programs7. Details of this tool are described in the 

Supplementary materials Part 1. For Italy, barriers have been identified (Supplementary Table A1) 

that are common to those identified in other countries8. The introduction of screening programs 

in Italy has been slow and characterised by profound geographical differences9 10. Despite 

efforts to reduce and overcoming heterogeneity in screening between regions, discrepancies 

in adherence to breast cancer screening still exist, with southern regions still showing low 

attendance rates that do not reach the recommended minimum of the European Commission5 

9 11 12. For this region, the invitation coverage was only 59% in 2018 and the adherence to the 

invitation was 38%13. Looking at Italy nationally, opportunistic and organized screening for 

breast cancer coexist, which complicates having comprehensive information about screening 

coverage9 14. Another effect of opportunistic screening is that it might lead to a screening interval 

that is not in line with EU Recommendations4 because sub-groups of eligible women are using 

opportunistic screening options in addition to the program - thus leading to overscreening and 

inefficient utilization of resources. At the same time, another sub-group of eligible women has 

extended screening intervals due to a lack of human and financial resources within the screening 

organization and screening process – thus leading to underscreening. 

The objective of this paper is to identify potential future changes (i.e. practical solutions) that can 

be initiated to the breast cancer screening programs - as well as their costs and benefits - to 

overcome these barriers and to improve screening in Italy. In this modelling study we want to 
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fairly compare strategies consisting of different screening intervals, we adjusted the three Excel 

templates in a way, that invitational coverage, participation coverage and adherence were set 

to 100% while all other quality parameters (e.g. further assessment rate or detection rate) were 

adjusted to match the observed Italian data.

Table 1. Overview of assumptions of screening behaviour and simulated screening scenarios, per barrier 
and scenario

                                          Barrier 1: Southern Italy

Scenario 1a Scenario 2 Scenario 3 Scenario 4 Scenario 5

Screening interval (years) 2,0 2,0 2,0 2,0 2,0

Adherence by ageb

50-54 11,5% 31,5% 41,5% 51,5% 100,0%

55-59 14,0% 34,0% 44,0% 54,0% 100,0%

60-64 15,2% 35,2% 45,2% 55,2% 100,0%

65-69 14,8% 34,8% 44,8% 54,8% 100,0%
Average 13,9% 33,9% 43,9% 53,9% 100,0%

                                          Barrier 2: Italy (national) c

Sub-group 1:  
overscreened

Sub-group 2:  
underscreened

Sub-group 3: 
biennial

Scenario 1a Scenario 2 Scenario 1a Scenario 2 Scenario 1a

Screening interval (years) 1,0 2,0 2,4 2,0 2,0

Adherence by ageb

50-54 100,0% 100,0% 100,0% 100,0% 100,0%

55-59 100,0% 100,0% 100,0% 100,0% 100,0%

60-64 100,0% 100,0% 100,0% 100,0% 100,0%

65-69 100,0% 100,0% 100,0% 100,0% 100,0%

a For each barrier/ sup-group, scenario 1 represents the current screening scenario.
b Adherence is specified as the proportion (%) of the target population screened in the index year after 
invitation.
c The proportions of the sub-groups of the female population eligible for screening are 20% for group 1, 30% 
for group 2 and 50% for group 3.

For each of the sub-groups, we simulated two scenarios: Scenario 1 represents the current 

screening (with existing barriers) and scenario 2 represents biennial screening from 2020 

onwards (without this barrier). For the overscreened sub-group, we investigated the impact 

of investing in legislative measures, as well as on a training and information campaign for 

radiologists and general practitioners (GPs), to stop spontaneous activity in the Italian National 

Health Service (NHS) facilities. For the underscreened sub-group, we investigated the impact of 

investing in mobile screening units across the whole country to increase screening capacity and 

to subsequently decrease the screening interval.
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Sensitivity analysis

To evaluate how assumptions and parameter values affected the screening outcomes and 

costs per QALY, we performed two sensitivity analyses for barrier 2. First, we used observed 

or estimated adherence of each sub-group instead of 100%: 75% adherence in the group 

of overscreened women, 45-50% adherence in the group of underscreened women and the 

observed 55-60% national average for biennial screening. Second, we varied the sub-group 

distribution for the simulations of barrier 2.

RESULTS

According to the EU-TOPIA evaluation tool, screening women in Southern Italy biennially 

from age 50 to 69 with an adherence to screening of 14% (current screening), would lead to 

557,000 breast cancer diagnoses (DCIS and invasive, for women aged 40-100 years in the 

period 2020-2050), of which 7% would be screen-detected (Table 3). A total of 7,021 breast 

cancer deaths would be prevented (mortality reduction: 4.5%) compared to no screening 

and 6,000 life- years would be gained. Screening with the current adherence would to lead 

to 4.3% overdiagnosis and 336,000 false-positive results. Fully overcoming the barrier of 

low adherence, i.e. increasing adherence to 100% (scenario 5), is predicted to increase 

the share of screen detected cancers to 32% and would prevent 15,535 additional breast 

cancer deaths. Complete adherence would nearly triple the life-years compared to the 

current strategy (+10,500), while the percentage of overdiagnosis would remain the same 

(4.3%) and the number of false-positives would increase by 746% (derived from Table 3).  

Investing in up to 10 mobile screening units increased the total screening costs of the program 

(i.e. primary screening costs, costs for diagnostic follow-up and costs for cancer care) from 

€572million to €667 million (+17%, Table 3). Compared to the current screening strategy, the 

ICER was €9,531 per QALY gained for the adherence of 100%.

Table 4 presents the results of the simulations for barrier 2 for the whole of Italy. Continuing 

the current screening - characterized by a combination of screening intervals (i.e. the weighted 

average of the three sup-groups) – would lead to 1.3 million breast cancer diagnoses (DCIS and 

invasive) for women aged 40-100 years in the period 2020-2050, of which 32% would be screen 

detected. A total of 94,998 breast cancer deaths would be prevented (mortality reduction: 25%) 

and 27,560 life- years would be gained compared to no screening. If the described actions/

measures would be initiated to achieve biennial screening of all eligible women from 2020 

onwards (i.e. the weighted average of scenario 2 of each sup-group), the EU-TOPIA evaluation 

tool predicts a similar number of breast cancer diagnoses and share of screen detected cancers. 

Moreover, overcoming this barrier would lead to an unchanged percentage of overdiagnosis 

(5%) while false positive results would decrease by 13% (derived from Table 4). Nearly the same
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Table 3. Summary of screening outcomes and cost-effectiveness results for BARRIER 1 (low adherence in 
Southern Italy), by simulated scenario

Screening outcomes a

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Number of screen tests 
(x 1,000)

5,717 +8,262 +12,386 +16,503 +35,487

Number of referrals  
(x 1,000)

373 +539 +808 +1,077 +2,315

Number of false positives 
(x 1,000)

336 +495 +745 +996 +2,170

Number of BC diagnosesb 
(% of screen detected)

557 (7%) +6 (14%) +9 (18%) +11 (21%) +18 (32%)

Number of BC deaths  
(x 1,000)

149 -4 -6 -8 -16

BC mortality reduction (%) 
compared to no screening

4.5 +2.8 +4.1 +5.3 +10

Prevented BC death 7,021 +4,398 +6,134 +8,298 +15,535

Overdiagnosis (%)c 4.3 -0.1 +/- +0.1 -+/-

Cost Effectiveness results d

Scenario 1 Scenario 2 Scenario 3 Scenario 4 Scenario 5

Primary screening costs 19,556,685 +19,040,730 +28,549,785 +38,046,525 +81,804,915

Costs for diagnostic  
follow-up

13,375,050 +4,611,702 +6,950,699 +9,315,608 +20,425,378

Costs for cancer care 539,731,388 -1,798,364 -2,656,144 -3,489,288 -7,521,792

Net costs compared to no 
screening

15,857,971 +21,908,068 +32,916,340 +43,962845 +94,888,501

Life-years gained vs no 
screening

6,000 +3,000 +4,300 +5,500 +10,500

QALY gained vs no 
screening

6,077 +2,866 +4,103 +5,240 +9,956

ICERe - 7,645 8,023 8,391 9,531

a Results represent the difference in screening outcomes or costs between each scenario (2 to 5) and current screening 
(scenario 1) and are reported for women aged 40-100 in 2020-2050. 
b Total of clinically and screen detected DCIS and invasive breast cancers (percentage of screen detected in brackets).
c Overdiagnosis is defined as women that would not have been diagnosed during their lives if they had never been screened 
as a percentage of all screen detected women.
d The results are presented for 1 million women followed from 2020 over their life-times. Both costs and effects are discounted 
with 3% per year.
e ICERs were computed as ratio between incremental net costs and benefits (QALY) compared to the current scenario 
(scenario 1).

BC: Breast cancer; QALY: Quality adjusted life-year; ICER: Incremental cost-effectiveness ratio
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number of breast cancer deaths would occur and 310 fewer life-years would be gained between 

2020 and 2050 compared to current screening. Screening all eligible women in Italy every two 

years is predicted to lead to 11% more screen tests and less expensive cancer care and therefore 

to a saving of €122 million in total screening costs (derived from Table 4). While overcoming this 

barrier leads to a substantial decrease in referrals (-12%), false positive results (-13%) and costs 

(-18%), almost all benefits could be maintained. And therefore, if a mix of screening intervals 

would be maintained, the ICER would be 162,799 per QALY, compared to a situation where all 

eligible women are screened biennially (Table 4). Based on a WTP threshold of €23,000 per QALY 

gained, remaining in the current screening scenario is very cost-inefficient.

Sensitivity analysis

An overview of the results of the sensitivity analyses is provided in Table 5. Model-predicted 

base-case screening outcomes (weighted averages) were not particularly sensitive to the 

assumption of complete adherence for barrier 2. Overcoming the barrier, i.e. harmonising the 

screening interval throughout the country, would remain cost-saving (€83,072 per QALY gained) 

even when the observed adherence per sub-group would be applied. Varying the respective 

sub-group sizes showed only minor effects as well. Assuming the sub-groups would account 

for 30% (overscreened), 20% (underscreened) and 50% (biennial) led to savings of €41,569 per 

QALY gained compared to a situations where barrier 2 is present. Assuming the sub-groups 

would account for 20% (overscreened), 50% (underscreened) and 30% (biennial) led to savings 

of €31,586 per QALY gained compared to a situations where barrier 2 is present.
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Ideally, the tool should incorporate the views of all stakeholders, either by each stakeholder 

completing the tool separately (and the results amalgamated to determine an average) or by 

organising a stakeholder meeting to complete the tool using a consensus approach. The process 

of completing the tool (the thought processes involved and discussions) are as important as 

the results of the tool. Hence, it would be useful to make notes whilst completing the tool to 

capture any new insights raised from the discussion.  Moreover, it should be emphasised that 

the barriers are the opinion of the respondents and that the impact of barriers varies, depending 

in part on measures taken to mitigate their effects.

Key sections of the tool

Firstly, we would like you to rate the importance of each barrier that exists in your country in terms 

of its impact on programme effectiveness and equity. Secondly, we would like you to select the 

three most important barriers to overcome. Thirdly, we would like you provide any examples you 

have from your country of ways that barriers have been overcome (or at least reduced). The 

latter section was primarily of interest to the EU-TOPIA workshop for sharing knowledge across 

countries. However, this exercise may still be useful for discussions about how to overcome 

remaining barriers. 

What next?

The results of this self-assessment exercise will enable you to prioritise barriers to be reduced 

or overcome and whether the resource currently being allocated to overcoming barriers is being 

used effectively. In addition, this tool is part of several work packages from the EU-TOPIA project. 

Following on from this work package is another work package on ‘road maps’ to further develop 

and improve cancer screening programmes. The results from this activity inform the road maps. 

Please refer to the EU-TOPIA website for further information on the workshops and other tools 

available. 
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EU-TOPIA EVALUATION TOOL - USER GUIDE (VERSION JANUARY 2020)

1. Introduction

The overall aim of the EU-TOPIA project is to improve existing cancer screening programmes in 

Europe. To aid in the improvement of existing programmes, we have developed a web-based 

evaluation tool based on the MISCAN model to allow European policymakers and researchers to 

simulate outcomes of multiple cancer screening strategies for their own country. This document 

describes the structure and the standard process required for utilizing the EU-TOPIA evaluation 

tool from creating an account in section 3 to analyzing the results of your simulations in section 6.

2. MISCAN model

The EU-TOPIA evaluation tool uses a well-established microsimulation model for cancer 

(MISCAN-Breast). MISCAN was developed in the 1970s at the Department of Public Health of 

Erasmus MC, University Medical Center Rotterdam and was designed for evaluating the effect 

of cancer screening. MISCAN simulates individual life histories and assesses the consequences 

of introducing a screening programme on these life histories. The model estimates the effect of 

cancer screening in a dynamic population and can explain results of cancer screening trials and 

predict and compare the (cost-)effectiveness of different screening strategies. Our model has 

been calibrated on data from a number of countries exemplary for all European regions

3. Account management

3.1. Register

First things first: you need to register as a user of EU-TOPIA evaluation tool website. 

You can do that by filling out the registration form (https://miscan.eu-topia.org/registration/

register), click on the link in the confirmation e-mail to confirm your e-mail address and let the 

EU-TOPIA admins process your information for the final authorization.

3.2. Log in

Once the EU-TOPIA admins send you an e-mail to confirm your account, it is fully operative. Now 

you are able to log in into the EU-TOPIA evaluation tool (https://miscan.eu-topia.org/login) with 

your e-mail and password and perform simulations. When you log in the first time, you will be 

asked to download this user’s guide and to declare to have read it.

3.3. Log out

You can log out from the application in anytime clicking the button “Logout” at the top right 

corner of the web site.
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3.4. Account information / password

You can view your account information and/or change your password clicking on “My account” 

or on your user name (both at the top-right corner of the screen).	

3.5. Help

If you need any help, please feel free to e-mail the EU-TOPIA research team at eu.topia@

erasmusmc.nl or complete the contact form by clicking “Help” at the top-right corner of the 

screen.

4. Data collection

The EU-TOPIA evaluation tool was designed to allow users to simulate outcomes of several 

cancer screening strategies for their own country. Thus, this tool requires the users to upload 

specific demographic and screening data for their own country. 

Section 4.1. describes how to download the excel data templates needed to collect country 

specific data. 

Sections 4.2 to 4.4 describe the excel data templates needed to collect country specific data 

and give important general information for filling out the data tables. Instructions on how to fill 

in specific data templates are described in two parts: epidemiological data in section 4.5, and 

screening programme related monitoring data in section 4.6.

4.1. Download Excel Data Templates

	 1.	 Log on to the main dashboard page.

		  Once you log in you will see the main evaluation tool dashboard (Figure 1). 

Figure 1.  EU-TOPIA evaluation tool, user’s dashboard.
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	 2.	 Click on “Download”.

	 3.	� You can download templates from each cancer site and save these on your computer 

(see Figure 2).

		  For the breast specific cancer template, click the breast cancer icon. 

Figure 2.  EU-TOPIA evaluation tool, download templates section.

	 4.	� Save the templates to your computer by clicking “Save as” in Save option list (see 

Figure 3)

Figure 3. EU-TOPIA evaluation tool, saving excel data template.
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women undergo a mammography outside, or in addition to, the (existing) screening 

programme. Registration and monitoring of such screening activity is often unavailable. 

4.4. Country

	 Table0: Country

Select your country from the drop-down menu if you submit national data (=preferred, Step 1 in 

Figure 1). In that case you can ignore the second drop-down menu (Region). If your country is 

not listed, please contact us at: eu.topia@erasmusmc.nl

If you want to submit regional instead of national data, please contact us as at eu.topia@

erasmusmc.nl.  After we assigned you to an index region, you need to select your country from the 

first drop-down menu (Step 1 in Figure 4) and the respective index region (A-Z) from the second 

drop-down menu (Step 2 in Figure 4).

Figure 4.  EU-TOPIA evaluation tool, Select your country (and region) in Table0.

Please be aware that we strongly advise you to use the same reference population in all tables! 

In case of a mixed situation - where most data is national and some is regional, or vice versa – 

leave a comment in the email accompanying the submitted data templates.

4.5. Epidemiological Data

All tables for demographic and epidemiological data are marked as “eTablex”.

Please fill out all of them for your country. In this section, we show you how to fill them out 

correctly. 
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	 eTable1: Population age composition

Level of importance Mandatory

What does this table contain? The 2018 female population and population projections (up to 2050) 
for your country

Format Separated by calendar year and five-year age groups

Potential data sources National statistical office

Potential data sources We suggest you use the base case scenario (i.e. the scenario 
based on current population trends). If there are several sources for 
population data in your country, we suggest using the source which 
is also used for official government projections. A good resource is 
EUROSTAT population projections (http://ec.europa.eu/eurostat/data/
database).

	 eTable2: Breast cancer incidence rates

Level of importance Mandatory

What does this table contain? The number of incident breast cancer cases (ICD-10: C50 and D05.1) 
and person years at risk in 1981-1985 and 2011-2015. 

Format Separated by five-year age groups, including Ductal Carcinoma In Situ 
(DCIS)

Potential data sources National cancer registries

Trouble shooting We prefer the data of 1981-1985 as this represents a period before 
any form of screening (organised or opportunistic) was introduced in 
Europe and hence can serve as the background incidence. However, 
if you know the cancer register was not complete at that time, please 
fill-out only the table for the period 2011-2015. 

For the respective 5-year period, you can either report the sum of 
cases (diagnoses) and the population, or the average over those five 
years. Both will be calculated into the incidence rate over that period.

If your estimates are based on small numbers, we recommend using 
a longer time period in reporting incidence data (10 most recent 
years instead of 5).

If you do not have direct access to national cancer registry data or 
detailed data are not available, we suggest checking the availability 
of cancer incidence data from the IARC cancer in five continents 
dataset (CI5, http://ci5.iarc.fr/CI5I-X/Pages/download.aspx).
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	 eTable3: Breast cancer mortality rates

Level of importance Mandatory

What does this table contain? Mortality due to breast cancer (ICD-10: C50) in 1981-1985 and 2011-
2015. 

Format Separated by five-year age groups

Potential data sources National cause of death register

Trouble shooting We prefer the data of 1981-1985 as this represents a period before 
any form of screening (organised or opportunistic) was introduced in 
Europe and hence can serve as the background mortality. However, 
if you know the death register was not complete at that time, please 
fill-out only the table for the period 2011-2015. 

For the respective 5-year period, you can either report the sum of 
cases (deaths) and the population, ,or the average over those 5 
years. Both will be calculated into the incidence rate over that period.

	 eTable4: Relative survival

Level of importance Should have

What does this table contain? Probability of surviving 10 years after a diagnosis of Breast cancer 
(ICD-10: C50), observed in the most recent years

What does this table NOT contain? Carcinoma in situ cases

Format Separated by stage.

Potential data sources National cancer registries

Trouble shooting Tumour (T) of the breast cancer TNM staging system. The staging 
information should be based on the histopathological assessment of 
the tumour (pTNM), not the clinical (cTNM). If this information is not 
available, please leave a comment in the NOTES sheet of the data 
template.

T describes the size of the tumour (area of cancer).tumour

T1A	 between 0.1 and 0.5 cm across, independent of node 
status

T1B	 between 0.5 cm and 1 cm across, independent of node 
status

T1C	 between 1 cm and 2 cm across, independent of node 
status

T2+	 between 2 cm and 5 cm across, independent of node 
status

Only numbers between 0 and 100 can be used as input (i.e. no 
words, notes, or symbols): typing 0.2, the web-based tool will read 
0.2%; and typing 20, 20%. Survival probabilities that show greater 
survival in advanced stages compared to lower stages will be marked 
as “low-quality” data and you will be advised not to use this data 
when using the web-based tool. 

If your estimates are based on small numbers or detailed data are not 
available, we recommend to check published data from EUROCARE 
group (http://www.eurocare.it/)

	 eTable5: Breast cancer stage distribution
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Level of importance Should have

What does this table contain? Stage distribution of breast cancer (ICD-10: C50 and D05.1) in 1981-
1985 and 2011-2015

Format Separated by stage Tumour, including Ductal Carcinoma In Situ (DCIS)

Potential data sources National cancer registries

Trouble shooting Tumour (T) of the breast cancer TNM staging system. The staging 
information should be based on the histopathological assessment of 
the tumour (pTNM), not the clinical (cTNM). If this information is not 
available, please leave a comment in the NOTES sheet of the data 
template.

DCIS	 Ductal Carcinoma In Situ

T describes the size of the tumour (area of cancer).

T1A	 between 0.1 and 0.5 cm across, independent of node 
status

T1B	 between 0.5 cm and 1 cm across, independent of node 
status

T1C	 between 1 cm and 2 cm across, independent of node 
status

T2+	 between 2 cm and 5 cm across, independent of node 
status

If your stage distribution adds up to more than 100%, the web-based 
tool will mark your data as “low-quality” data (additional function in the 
web-based tool). In that case please contact the EU-TOPIA research 
group at: eu.topia@erasmusmc.nl

	 eTable6: Population all-cause mortality

Level of importance Should have

What does this table contain? Current all-cause mortality rate for women 

Format By single ages (0-100)

Potential data sources Life tables from national statistical offices

Trouble shooting You are only allowed to input numbers (no words, notes, or symbols) 
between 0 and 1. Please make sure that values are not multiplied by 
100,000 person-years (hence, values need to be reported considering 
1 person-year). 

The inputs need to be age-specific mortality rates, so no age-specific 
probabilities of death. In the projections of the web-based tool, the all-
cause mortality will be assumed to stable over time.

As an alternative data source, we recommend your country’s life tables 
from the Human Mortality database (http://www.mortality.org/, use the 
‘mx’ column in the data provided). 
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F3 Treatment/Surgery referral or 
inoperable ca

Women referred to open surgical biopsy or surgical 
intervention or neo-adjuvant therapy as a result of 
assessment, including also those with cancers that are not fit 
for surgery or other treatment (it is a subset of F2).

F4 Negative This includes all other possible known results of assessment 
(it is a subset of F2). Please include also “Short Term recall”, 
being a mammogram performed out of sequence with the 
screening interval (say at 6 or 12 months for programme with 
two-years screening interval), as a result of the screening 
test (not recommended by the European Guidelines) or as a 
result of further assessment.

Trouble shooting If your data cannot be stratified by five-year age groups, put 
the total amount in the row marked as “unknown”.

In a mixed situation, with data from some areas which can 
be stratified and other data that cannot be stratified, please 
fill separately the first rows for the former and the last row for 
the latter.  
Always check the total figures at the bottom of each table 
to be sure that the sum of the strata is the total number 
expected.
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	 sTable7: Outcome

Level of importance Should have

What does this table contain? Screening outcomes.
Please indicate the most advanced lesion per woman.

What does this table NOT contain? Data on opportunistic screening

Potential data sources National breast cancer screening programme

Format	 Absolute numbers, separated by five-year age groups.
Each woman is counted only once.

Data should be stratified per Initial/subsequent tests:

   • �Initial screening is the first screening examination of 
individual women within the screening programme, 
regardless of the organisational screening round in which 
the examination takes place. Include also screening tests 
performed in a population-based screening programme 
before receiving the first invitation (these examinations 
are often referred to as “spontaneous tests”).

   • �Subsequent screening includes all screening 
examinations of individual women within the screening 
programme following an initial screening examination, 
regardless of the organisational screening round in 
which the examination takes place.

   • �Unknown if initial or subsequent strata should be used 
for tests for which the above distinction is not available.

The numbers collected in the three sub-tables should refer to 
strictly distinct sets of women. Always check the total figures 
at the bottom of the three tables to be sure that the sum of the 
strata is the total number expected.

Detailed content description

G1 Individuals screened of invited 
in index year 

This column refers to column D1 in sTable4, which is also the 
denominator of the “Surgical referral rate” indicator, calculated in 
sTable6. 

If the numerator (number of further assessment recommended) 
has not been provided by all areas, then report the number of 
women screened in the areas where data on surgical referral are 
available.

G2 Further assessment 
performed

By default, the column will report the number of women screened 
in the reference year, column E2 in sTable5. 

In the programmes or areas where data is available on treatment 
referral, these are the women who actually underwent imaging 
and/or invasive further assessment, irrespective of whether 
further assessment was complete or not.

G3 Benign lesions, or no lesion Negative screening test result

G4 CIS Women with in situ carcinoma detected (ductal or lobular).

G5 Invasive breast cancer Screen detected invasive cancers (any stage/pathological size)

G6 Other histology Inflammatory node; non epithelial cancer 
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Trouble shooting Screen detection means that the diagnostic assessment process 
following a positive primary screening examination has been 
completed. This process should usually be finished within six 
month. However, if organizational characteristics or constrains 
require a longer period, include all cancers diagnosed through 
screening in the period that suit your programme best .

If your data cannot be stratified by five-year age groups, 
put the total amount in the row marked as “unknown”. 
In a mixed situation, with data from some areas which can be 
stratified and other data that cannot be stratified, please fill 
separately the first rows for the former and the last row for the latter.  
Always check the total figures at the bottom of each table to be 
sure that the sum of the strata is the total number expected.
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	 sTable8: Pathological size

Level of importance Nice to have

What does this table contain? Pathological size of screen detected INVASIVE cancers.
Please indicate the most advanced lesion per woman.

What does this table NOT contain? Data on opportunistic screening

Potential data sources National breast cancer screening programme

Format	 Tumour (T) of the breast cancer TNM staging system. The staging 
information should be based on the histopathological assessment 
of the tumour (pTNM), not the clinical (cTNM). If this information is 
not available, please leave a comment in the NOTES sheet of the 
data template.

T describes the size of the tumour (area of cancer)

Absolute numbers, separated by five-year age groups.
Each woman is counted only once.

Data should be stratified per Initial/subsequent tests:

   • �Initial screening is the first screening examination of 
individual women within the screening programme, 
regardless of the organisational screening round in which 
the examination takes place. Include also screening tests 
performed in a population-based screening programme 
before receiving the first invitation (these examinations are 
often referred to as “spontaneous tests”).

   • �Subsequent screening includes all screening examinations 
of individual women within the screening programme 
following an initial screening examination, regardless of the 
organisational screening round in which the examination 
takes place.

   • �Unknown if initial or subsequent strata should be used for 
tests for which the above distinction is not available.

Screen detection means that the diagnostic assessment process 
following a positive primary screening examination has been 
completed. This process should usually be finished within six 
month. However, if organizational characteristics or constrains 
require a longer period, include all cancers diagnosed through 
screening in the period that suits your programme best .

The numbers collected in the three sub-tables should refer to 
strictly distinct sets of women. Always check the total figures at the 
bottom of the three tables to be sure that the sum of the strata is 
the total number expected.

Detailed content description

I1 T1A Tumours between 0.1 and 0.5 cm across, independent of node 
status

I2 T1B Tumours between 0.5 cm and 1 cm across, independent of node 
status

I3 T1C Tumours between 1 cm and 2 cm across, independent of node 
status

I4 T2-T4 Tumours between 2 cm and 5 cm across, independent of node 
status 
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sTable10: Interval cancers

Level of importance Should have

What does this table contain? Interval cancers

What does this table NOT contain? Data on opportunistic screening

Potential data sources National breast cancer screening programme

Format	 Absolute numbers, separated by five-year age groups.
Each woman is counted only once.

Data should be stratified per Initial/subsequent tests:

   • �Initial screening is the first screening examination of 
individual women within the screening programme, 
regardless of the organisational screening round in which 
the examination takes place. Include also screening tests 
performed in a population-based screening programme 
before receiving the first invitation (these examinations 
are often referred to as “spontaneous tests”).

   • �Subsequent screening includes all screening 
examinations of individual women within the screening 
programme following an initial screening examination, 
regardless of the organisational screening round in 
which the examination takes place.

   • �Unknown if initial or subsequent strata should be used 
for tests for which the above distinction is not available.

The numbers collected in the three sub-tables should refer to 
strictly distinct sets of women. Always check the total figures 
at the bottom of the three tables to be sure that the sum of the 
strata is the total number expected.

Detailed content description

M1 Interval cancers diagnosed 
within the first year after test

Number of women diagnosed with an interval cancer within 12 
months since the last negative mammography

M2 Interval cancers diagnosed 
within the second year after 
test

Number of women diagnosed with an interval cancer between 12 
and 24 months since the last negative mammography

M3 Interval cancers diagnosed 
within the third year after test

Number of women diagnosed with an interval cancer between 24 
and 36 months since the last negative mammography. 
This only applies to countries with a three-year interval programme. 
In a two-year programme, column M3 will be empty.

M4 Last negative test in 
(reference year) - 2

Number of women with a negative primary screen and the number 
of negative further assessment performed 2 years before the 
reference year for data collection (i.e. previous screening round)
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	 sTable11: Opportunistic screening

Level of importance Should have

What does this table contain? An estimate of the proportion of women (of all women in the 
population) who underwent a mammography outside the 
organised programme in the past two years.

What does this table NOT contain? Data on population-based, organised screening

Potential data sources National surveys, National social insurance institution 

Format	 Separated by five-year age groups.

Trouble shooting The classification non-population based (opportunistic) screening 
applies to areas where individual invitations are not sent to the 
women in the eligible population or when women undergo a 
mammography outside or additionally to the (existing) screening 
programme.

Together with sTable2, this information enables the EU-TOPIA team 
to include the TOTAL screening reality into the simulation of your 
country or region.

As an example of a mixed situation, think of women who have been 
invited to the organised screening programme three years ago, 
who did not follow the invitation but got screened opportunistically 
in the index year instead. Those women have to be counted in this 
table.

If you have individual screening histories but you are unable to 
disentangle them into “organised” and “opportunistic”  correctly, 
then the available data should be put into the respective tables for 
organised screening only (sTable2).

If your data cannot be stratified by five-year age groups, put the 
total amount in the row marked as “unknown”.
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	 sTable 12: Adjuvant treatment

Level of importance Should have

What does this table contain? Adjuvant treatment of all cancers (detected inside or outside a 
screening programme)

What does this table NOT contain? Surgical treatment and radiology 

Potential data sources National breast cancer screening programme, hospital or insurance 
data

Format	 Proportions of adjuvant treatment, separated by age groups.

The data reported here should refer to all cancer cases detected in 
the index year plus the year prior to that (e.g. if your index year is 
2016, the cancers you report should have been diagnosed in either 
2015 or 2016), independent of when or whether the woman has ever 
been screened.

Each woman is counted only once.

Data should be stratified per cancer stage and by therapy

   • �CIS: in situ carcinoma (ductal or lobular)

   • �T1a/b: tumours between 0.1 and 1 cm across, independent 
of node status

   • �T1c: tumours between 1 cm and 2 cm across, independent 
of node status

   • �T2-T4: Node positive tumours between 2 cm and 5 cm 
across, independent of node status 

   • �No adjuvant therapy: no other treatment except for 
surgery or radiation

   • �Chemotherapy: adjuvant to surgery and/or radiation
   • �Hormonal therapy: adjuvant to surgery and/or radiation
   • �Combined: a combination of chemotherapy and 

hormonal therapy
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5. Simulation

In this section you will find instructions on how to use the EU-TOPIA evaluation tool to simulate 

different breast cancer screening strategies for your country. 

After registering and filling out the Excel data templates, as described in section 3, you are ready 

to start a simulation. 

5.1. Upload data

	 1.	� Log in into the EU-TOPIA evaluation tool (https://miscan.eu-topia.org/login) with your 

e-mail and password.

	 2.	� Go to the simulation section in the MISCAN web- tool dashboard.

	 3.	� Start by selecting a cancer type, breast cancer in this case, and giving your simulation 

a name. (Figure 5).

	 4.	� Then, upload the data for your country by clicking “Choose file” and select the data 

template that you completed as described in Section 4.

		�  Users from one of the exemplary countries (Finland, Italy, the Netherlands and Slovenia) 

can click on the “Choose” button and either directly select the data from their country in 

the drop-down menu or select “upload your own data” to upload the data template.

Press “Continue” (Figure 5).

	

Figure 5. EU-TOPIA evaluation tool, Screening type, name and data
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via the “information” icon at the dashboard), are based on the regional model of the exemplary 

country. Background information on all of the four exemplary countries is also available via the 

“information” icon at the dashboard in the fact sheets.

If you think that your country would be better represented by one of the other three exemplary 

countries, you can consult the EU-TOPIA research team at eu.topia@erasmusmc.nl

Northern Europe: Finland (exemplary country), Denmark, Estonia, Faroe Islands, Iceland, Latvia, 

Lithuania, Norway and Sweden.

Southern Europe: Italy (exemplary country), Cyprus, Gibraltar, Greece, Malta, Portugal and Spain.

Eastern Europe: Slovenia (exemplary country), Bulgaria, Czech Republic, Croatia, Hungary, 

Poland, Romania and Slovakia.

Western Europe: The Netherlands (exemplary country), Austria, Belgium, France, Germany, 

Ireland, Luxembourg, United Kingdom and Switzerland.

5.4. Selection of screening scenarios

Now you are asked to define the settings of each scenarios you want to simulate (Figure 7). You 

can add more scenarios (a maximum of 5 per simulation) by pressing the + sign.

Please note that the changes of the scenario parameters will be affective from 2020 onwards. 

The default setting is the current status of your screening programme according to the mandatory 

data you provided. You are able to change the following parameters:

Sensitivity: Select whether the test sensitivity should be improved. If you pick this option, the 

sensitivity will be increased by 5% across all age-groups. 

Target age:  Select the starting age and the maximum age at which women should be screened 

in this simulation. 

The actual ages at which screening is performed in the simulation are determined by the starting 

age and the screening interval. Therefore, the last screening age of a woman can be slightly 

lower than the maximum screening age if the selected starting age and screening interval do not 

result in a screening invitation at this maximum age. For example, if the user selects a starting 

age of 50, a maximum age of 65 and an interval of 2 years, the last screening performed will be 

at age 50 + 7*2years = 64 years old.

Screening interval:  Select how many years there should be between each screening round.
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Adherence: Select how much the adherence should be increased. As a default, the screening 

coverage entered in the data template (sTable2) is used. Please note that, for each age-group, 

the current total examination coverage is calculated from column J in sTable2 (Examination 

coverage) PLUS the information on opportunistic screening participation from sTable11. If 

sTable11 is left empty, only the information from sTable2 is used.

By choosing an increase in adherence, the respective value (2.5%, 5%, 10%, 20%, 30% and 40%) 

will be added to the examination coverage of each of the age-groups equally. If, for example, the 

current coverage is 60% in the age-group 50-54, 65% in the age-group 55-59, 70% in the age-

group 60-54, and 75% in the age-group 65-69 and you choose an increase in adherence of 10%, 

the coverage will increase to 70%, 75%, 80% and 85%, respectively.

Stop screening: If you would like to simulate the effect of a full stop of (organised) screening 

activities for your country or region from 2020 onwards, you can do so by choosing the “Stop 

screening” option under “adherence”. This option will overwrite all other parameter choices for 

this scenario.

No duplicate scenario can be selected.

Press “Start simulation” (Figure 7). Confirm that you are sure you want to start your simulation.

Figure 7. EU-TOPIA evaluation tool, choose scenarios and start simulation.

Your simulation will be submitted for processing. You will receive an e-mail as soon as your 

simulation is finished.

6. Results

In this section it will be described how to download and interpret the results of the EU-TOPIA 

evaluation tool.
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6.1 Downloading the results

Once your simulation is finished and the results are ready, you will receive an e-mail with a link. 

Following the link, you will reach your simulation online and be able to download a PDF report 

with the results (Figure 8).

Figure 8. EU-TOPIA evaluation tool, view and retrieve your simulation results

Alternatively, you can also find the results by going to the RESULTS section available in the 

EU-TOPIA evaluation tool dashboard (Figure 9). You will reach the results of the simulation by 

clicking on the specific simulation you are interested in. 

Figure 9. EU-TOPIA evaluation tool, access simulation results via dashboard

Here, an overview of all simulations you started is provided, including the status of the simulation, 

which can be:

Submitted: the server is currently running multiple other simulations, your simulation is in the 

queue.

Processing:  your simulation is currently running on the server, your results will be ready soon.
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Failed:  something went wrong, the EU-TOPIA admins are informed and will contact you about 

a solution.

Completed:  you will reach the results of the simulation by clicking on the simulation 

On the page with the results of your simulation, you can find a summary of your simulated 

screening scenarios and first results: a graph with crude incidence rates per year (2020-2050), a 

graph with crude mortality rates per year (2020-2050), and a summary table with main outcomes 

for the population for the years 2020-2050, respectively.

You can retrieve the PDF of the simulation report by pressing

If you want, you can start a new simulation.
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6.2. Description of the results.

In the simulation, the life histories of 10,000,000 women were simulated, including Ductal 

Carcinoma In Situ (DCIS). The (new) screening strategy, including the adherence to screening, 

was applied. The EU-TOPIA evaluation tool produces several types of outputs, of which table 1 

and 2 as well as figure 1 and 2 are displayed in your web browser, while the downloadable PDF 

presents the remaining more detailed tables as well.

Box 1 

The first overview you see is a summary of data sources for the model inputs. This is based on 

the data you verified for your simulation – which are either based on the country-specific data 

you provided or on the data from the exemplary country of your region for non-mandatory data 

(see Section 5.2.)

Table1

Here the settings of the selected scenario(s) are displayed. You can see the selected test 

sensitivity, target ages, screening interval and non-adherence reduction for each scenario. If 

current screening was selected, the settings as specified in the uploaded data template are 

used. 

Current screening strategy 

This table provides an overview of the current screening strategy and the adherence by age that 

all simulations are based on. 

Figure 1

In this figure the crude breast cancer incidence rates per 100,000 women years between 2020 

and 2050 are shown by age group for each of the scenarios.

Figure 2

In this figure the crude breast cancer mortality rates per 100,000 women years between 2020 

and 2050 are shown by age group for each of the scenarios.

Table2

The results represents a summary of the screening outcomes in women aged 40 to 100 in 2020 

to 2050 with the selected test sensitivity, target ages, screening interval and non-adherence 

reduction for each scenario.

The number of overdiagnosed breast cancers (DCIS and invasive) represent women that would 

not have been diagnosed during their lives if they had never been screened as a percentage 

of all diagnosed women. In addition, two ratios of harms and benefits are provided for each 
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DALYs and QALYs

DALY is “a measure of the gap between the ideal health and the current health status”6. It 

focuses on the burden of a disease and health loss in the quality of life, due to combined effects 

of disability and premature mortality as a consequence of the disease. DALYs are based on the 

sum of years of life lost from premature death (YLLs) and years of life lived with disability (YLDs) 

(Figure 1)6. In contrast, QALY measures the quality of life in health gain. It assesses the health 

state of a person in which the benefits, in terms of length of life, are adjusted to reflect the quality 

of life6. If a person lives in perfect health, QALYs will be equal to life-years lived. However, due to 

a disease, quality of life can be affected, and a reduction of quality needs to be subtracted from 

the life-years depending on the severity of the disease. QALYs are calculated by multiplying the 

health-related quality of life (HRQoL) utilities of a specific health state, with the duration of that 

health state (Figure 1)6. In this study, the impact of a screening strategy on DALYs and QALYs 

(i.e. how many DALYs can be averted or QALYs gained by the intervention) is measured as the 

difference between a situation with and without screening (Appendix 1, Figure 1 in Supplemental 

Materials)12.

Literature review

We performed a literature review to identify studies estimating disability weights  or health-

related quality of life (HRQoL) utilities related to screening, breast cancer and its consequences. 

Since 2010, the Global Burden of Disease Project (GBD)13 has developed a new standardized 

approach and composed a list of disability weights to allow overall comparisons across regions 

and countries. In short, they defined cancer-specific health states, and calculated the values 

based on household surveys and a web-based survey. Salomon et al.14 re-estimated disability 

weights from the GBD Study 2010, and have expanded and improved the description of health 

states with participants from four European countries, including the Netherlands. Therefore, we 

decided to use disability weights from this study14,15. The disability weights range from 0.036 for 

mastectomy to 0.54 for the terminal phase of breast cancer. To calculate QALYs, HRQoL utilities 

were extracted from three carefully selected papers that describe health states most comparable 

to the set defined by the GBD Study16–18. The utilities varied from 0.99 for mammography 

screening to 0.288 for the last month in the terminal phase of breast cancer (Table 1). Appendix 

2 Table 1 presents the full list of HRQoL utilities and disability weights extracted from literature (in 

Supplemental Materials).
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MISCAN model

The MISCAN model is a well-established microsimulation model. It was designed to evaluate the 

effect of breast cancer screening. MISCAN simulates individual life histories and assesses the 

consequences of introducing a screening program on these life histories19. The model estimates 

the effect of cancer screening in a population and can explain results of cancer screening trials 

and predict and compare the cost-effectiveness of different screening strategies19. Our model 

has been calibrated on Dutch data, and the standard life expectancy of Dutch women was 

incorporated20. We used the MISCAN model to quantify the effects of mammography-based 

screening, comparing screened to non-screened life histories and to estimate DALYs, QALYs, 

DALYs averted and QALYs gained and costs for each screening strategy.

Screening strategies

We simulated different breast cancer screening strategies varying in starting age (starting at 

45, 47, and 50 years), stopping age (stopping at 69, 72, and 74 years), and frequency (annual, 

biennial, triennial and combination of annual and biennial). In total, we defined 24 different breast 

cancer screening strategies including no screening as a reference strategy. Overall, we assumed 

an attendance of 80% to all screening invitations21, which means that there is an independent 

probability of 80% to attend each screen. We assumed 100% diagnostic follow-up for women 

with a positive test.

Model parameters and assumptions

In our modeling analysis, one birth cohort of 10 million Dutch women, born in 1965, was 

simulated for every screening strategy and women were followed from age 40 to death. For each 

strategy, the total number of screens, the numbers of breast cancers diagnosed, breast cancers 

deaths, life-years from diagnosis to death, and age of death were predicted. We defined the 

possible life histories a woman might pass through from screening to death of breast cancer 

or other causes (Appendix 3, Figure 1 in Supplemental Materials). For women who had or 

have been diagnosed with breast cancer, two clinical stages were assumed: controlled breast 

cancer (Stage 0 (ductal carcinoma in citu), Stage 1-3) and metastatic breast cancer (Stage 4) 

based by TNM classification of malignant tumors staging system. Stage distribution is based 

on Dutch Cancer Registry data22, and the proportion of controlled breast cancer cases, which 

progressed to metastatic stage was assumed by model. In the model, we also assumed that all 

women with breast cancer (controlled of metastatic) received lumpectomy or mastectomy with 

or without radiation. In order to investigate the impact of screening on a woman’s quality of life 

for each life history we assigned the utility and disability-values for each health state obtained 

from the literature review. The model includes overdiagnosed cases; therefore, the impact of 

overdiagnosis in terms of disability and morbidity is included as well.
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Additionally, to analyze the costs of each screening strategy, the number of events was calculated 

and multiplied with their respective costs. The costs were based on Sankatsing et al. (2015)1, 

and were €65 for screening, €160 for biopsy, €9,000 for lumpectomy/mastectomy23, €6,000 for 

controlled breast cancer, €16,000 for metastatic breast cancer and €18,000 for death from breast 

cancer (including palliative care). Women who went to several stages had the sum of the costs 

in those stages.

Outcomes 

To estimate DALYs for each screening strategy, YLLs were calculated by multiplying the number 

of estimated breast cancer deaths in 5–year age groups with the respective remaining life-

expectancy at that age20. The YLDs for each health state were calculated by multiplying the 

time spent in that health state with the number of women who went through that health state 

– provided by the MISCAN model – and with the specific disability weight. The sum of all health 

state-specific YLDs represents the total YLDs of one screening strategy. The sum of the total 

YLDs and YLLs produced the DALYs for that specific screening strategy

QALYs were calculated by following all life histories and multiplying the time spent in a specific 

health state with its score of 1 – HRQoL utility (disutility) and the number of women who went 

through that health state. Finally, these calculation methods were implemented for each 

screening strategy and the results were compared to the reference strategy (no screening) to 

calculate DALYs averted and QALYs gained (Appendix 4 Tables 1-7 presents an example of the 

calculation of DALYs and QALYs in Supplemental Materials).

Cost-effectiveness analysis

The net costs for each strategy were defined as the difference between the total costs of 

the strategy and the costs of the reference strategy. We conducted analyses with 3% annual 

discount for costs and effects as recommended by WHO24, which means that costs and effects 

in the future will count less than current costs and effects. Undiscounted results are presented 

in the Supplement (Appendix 5 Tables 1 and 2 in Supplemental Materials). Finally, we identified 

the efficient frontier of non-dominated strategies and calculated incremental cost-effectiveness 

ratio (ICERs) among these strategies. We assumed the ICER threshold of €20,000 per QALY 

gained, recommended by the Health Council of the Netherlands25. For the purpose of our study 

and simplification of comparison between these two measures, we assumed an equal threshold 

for both QALY gained and DALY averted analysis.
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Figure 2 depicts the relation between DALY averted or QALY gained and the net costs for each 

screening strategy. For DALYs there were five strategies on the efficiency frontier (T50-69, T50-

74, T45-74, BB45-74 and A45-74). The same strategies plus one (B45-72) were on the efficiency 

frontier for QALYs. The ICERs ranged between €1,222 and €9,883 per each DALY averted, and 

between €1,960 and €15,899 per each QALY gained (Table 3). Therefore, assuming an ICER 

threshold of €20,000 per DALY averted or QALY gained, all evaluated screening strategies can 

be considered cost-effective and the most intensive scenario, screening annually from 45 to 74 

years old, can be considered as optimal.

Figure 2.  Efficiency frontier of screening strategies. 

Each screening strategy is represented by a point. Both DALYs averted or QALYs gained and costs for each strategy are 
relative to a situation without screening and are presented per 1,000 women. Strategies consist of annual (A), biennial (B), 
triennial (T) screening and combination of annual and biennial (A+B). Strategies on the green (QALY gained) and blue line 
(DALY averted) represent cost-effective strategies. Dominated strategies are represented by dots only.
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Table 3. Additional discounted costs; DALYs averted; and QALYs gained, and Incremental Cost-Effectiveness 
Ratio for cost-effective screening strategies

Cost-effective strategies – ICER

DALY analyses QALY analyses

Screening 
strategy

Additional 
costsa

Additional 
DALY averted ICERb Screening 

strategy
Additional 

costsa
Additional 

QALY gained ICERb

No 
screening Ref. Ref. Ref. No 

screening Ref. Ref. Ref.

T50-69 56,217 46.00 1,222 T50-69 56,217 28.69 1,960

T50-74 8,109 3.67 2,207 T50-74 8,109 1.80 4,512

T45-74 54,950 15.77 3,484 T45-74 54,950 9.01 6,096

/ / / / B45-72 81,720 8.37 9,776

B45-74 89,171 14.43 6,180 B45-74 7,452 0.66 11,364

A45-74 254,024 25.70 9,883 A45-74 254,024 15.98 15,899

Abbreviations: DALY – disability adjusted life years; ICER – incremental cost-effectiveness ratio; QALY – quality adjusted 
life years
a The results are presented in Euros, and reflect the additional costs relative to the less effective strategy in the ranking
b The results are presented in Euros per one DALY averted or QALY gained, and are calculated as the difference in costs 
divided by the difference in DALY averted or QALY gained between a strategy and the previous, less effective strategy in 
the ranking

DISCUSSION

Both DALYs averted and QALYs gained increased with expanding age limits for screening. The 

lowest results, in both DALYs averted and QALYs gained, were in the strategy with the shortest 

period of screening (T50 to 69). The screening strategy with the biggest age interval and the 

highest screening frequency (A45-74) had the highest impact on life-years gained, regardless 

of measure used. However, by increasing the age range or frequency of screening, the costs 

increased as well, consequently making this the most expensive strategy. All ICERs were below 

the cost-effectiveness threshold of €20,000 per additional QALY gained or DALY averted. In our 

analyses, the most cost-effective strategy in both DALY and QALY analyses, is annual screening 

from 45 to 74 (A45-74), with an ICER of €9,883 per DALY averted and €15,899 per QALY gained. 

Although almost the same strategies were on the efficiency frontier for DALYs and QALYs, the 

ICERs were different. Therefore, when choosing another threshold or simulating more intensive 

protocols, the cost-effective strategy might differ between DALYs and QALYs.

The costs per QALY are lower from results published elsewhere4,26,27. However, these discrepancies 

in cost-effectiveness estimates between our results and results reported by others can be 

explained by variations in screening and treatment costs (the Dutch costs are comparably low), 
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annual discount rate, geographical settings and simulated screening strategies. In comparison 

with a previous cost-effectiveness study performed with the same model1, we used less detailed 

costs. The outcomes however, are comparable.

Interpreting and comparing our results using DALYs in cost-effectiveness analysis is challenging, 

because the DALY approach is used dominantly in evaluating the intervention costs in low- 

and middle-income countries, where population based mammography is not implemented. 

Additionally, our results show that the order of screening strategies remained almost the same 

regardless using DALY or QALY approach. However, there were differences between absolute 

estimates of DALYs averted and QALYs gained, because of differences in used utilities. DALY for 

example does not incorporate disabilities from the mammography and biopsy, whereas QALY 

do incorporate disutility from diagnosis and primary therapy. Also disability weights for having 

cancer were generally higher than the disutilities from having cancer. In order to test the effect 

of disutilities for each health state, we conducted a sensitivity analysis by replacing 1 – HRQoL 

disutilities with values used as disability weights for health states that overlapped (mastectomy; 

controlled breast cancer; metastatic breast cancer and terminal disease) or 0 (screening and 

biopsy). Utilities were replaced one at a time, in both the reference strategy (no screening) and 

an exemplary strategy (B50-69), while other utilities remained the same (respective 1 – HRQoL 

disutility). The QALYs gained were sensitive to varying disutilities for controlled and metastatic 

breast cancer, whereas changing the disutilities for screening, biopsy and mastectomy hardly 

had any effect.

Additionally, we tested the effect of varying all disutilities together by replacing the health 

disutilities (1 – HRQoL) for mastectomy; controlled breast cancer; metastatic breast cancer; 

and terminal disease with corresponding disability weights in all screening strategies, including 

the no screening strategy, at the same time. Thus, we re-calculated the ICERs and identified 

the non-dominated strategies. Compared with previous results, the same strategies were at the 

efficient frontier for both DALY averted and QALY gained used, except one that did not appear as 

non-dominant (B45-72) (Appendix 6 Figure 1 in Supplemental Material).

Therefore, in this breast cancer screening example, the difference between DALYs averted 

and QALYs gained was mainly caused by the difference in disability weights and disutilities for 

the controlled breast cancer state. The impact of utility used in such an analysis is previously 

reported as a major driver of differences between DALY and QALY measures11.

When interpreting the results of our study, some limitations are noteworthy. Firstly, we only 

considered two stages of breast cancer: metastatic stage and controlled breast cancer (all 

stages except metastatic stage). To provide a more sophisticated analysis, additional research 

should investigate a more precise estimate for disability by cancer stage. Secondly, to estimate 
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DALYs and YLLs in our analysis, we followed the same method as used in the GBD study15, 

except the remaining life expectancy. We used country-specific remaining life expectancy for 

each age provided by the World Health Organization (WHO)20 which are slightly lower than the 

life expectancy used in the GBD study. Therefore, when we compared the DALYs and DALYs 

averted from our analysis with the GBD study results, there were slight differences. We believe 

the country-specific life expectancy provided by the WHO reflects our cohort more precisely. 

Thirdly, co-morbidity was not considered in our model analysis. A remaining challenge for 

disability and disutility weighting is adjusting for co-morbidities and co-disabilities28. Finally, 

since data sources including stage distribution and treatment approaches were not available, 

the simplifying assumptions of a constant duration of diagnosis and treatment, mammography 

screening, biopsy, metastatic breast cancer and terminal breast cancer was made. Although 

these limitations influence our ability to precisely estimate absolute values of DALYs averted 

and QALYs gained, both measures are expected to be influenced similarly. Thus, the impact of 

these limitations on the comparison between the outcomes is expected to be modest. However, 

these limitations can significantly affect a comparison between results of our study and results 

published in other CE analyses.

Comparing DALY and QALY outcomes in cost-effectiveness analyses is challenging. In theory, 

DALYs averted and QALYs gained could be equivalent if disutility of specific health state is equal 

to disability weight of the same health state. DALYs averted and QALYs gained are both used 

as outcome in cost-effectiveness analyses, providing a basis for extensive comparisons of the 

health effects of various policies and interventions29. Yet, they are not interchangeable, and the 

differences need to be considered30–32.

The utilities are derived from different studies, using different methods, techniques and groups 

of subjects. The disability weights are more based on expert valuations and reflect on specific 

disease, while disutility is based on population or individual opinion and reflect on health 

states30,32. Additionally, age of disease onset and discounting procedures are important factors 

that can lead to variations in DALY averted and QALY gained results when the same intervention 

is evaluated32.

The major advantage of using QALYs in cost-effectiveness analyses is that - besides accounting 

for an improving life expectancy, it also takes the health effects on the quality of life into account. 

In general, cost-effectiveness thresholds have been based on QALYs gained. However, using 

QALYs is associated with many challenges due to the complexity and diversity of health related 

utilities used in the calculation; and lack of capturing years lost due to the disease, which is 

relevant when evaluating fatal diseases as cancer29–32. DALYs provide a much more general 

overview of the burden of disease, for its universal set of disability weights used around the 

globe. Hence, DALYs averted can be used interchangeably across Europe, not only to evaluate 
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SUPPLEMENTAL MATERIAL

This supplement material gives a more details of theoretical background: on disability-adjusted 

life year (DALY) averted and quality-adjusted life year (QALY) gained (Appendix 1); The health-

related quality of life (HRQoL) utilities and disability weights (DW) related to breast cancer (BC) 

health states (Appendix 2) used in our analysis; defined life histories which were followed in 

our DALY and QALY calculation (Appendix 3); the background of calculation on DALY averted 

and QALY gained (Appendix 4); ICER analysis without 3% discount rate for costs and effects 

(Appendix 5) and sensitivity analysis (Appendix 6).

Appendix 1: DALYs, QALYs, DALYs averted and QALYs gained

Appendix 1 Figure 1 summaries the DALYs and QALYs in one measure and depicts DALYs 

averted and QALYs gained. Lifespan is presented from birth to death combining DALYs and 

QALYs together. Until diagnosis of breast cancer, person can live in full health. From diagnosis 

to premature death due disease, quality of life is reduced, and disability rises. If breast cancer 

screening is conducted and breast cancer is detected, it affects the lifespan and quality of life. 

The difference in total DALYs without screening and DALYs with screening presents DALY averted 

(How many DALYs are averted due intervention). QALYs gained present difference of QALYs with 

screening and QALYs without it, indicating how many QALYs are gained due the intervention.
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Appendix 1 Figure 1.  Disability adjusted life years (DALYs) averted and quality adjusted life years (QALYs) 
gained
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Appendix 2: HRQoL utilities and disability weights

Appendix 2 Table 1 shows disability weights extracted from the Global Burden Disease (GBD) 

Study 20151 for breast cancer and health states related to it.

Appendix 2 Table 1. Disability weights

Global Burden of Diseases Report (2015) 1

Cancer speci�c 
health states used in 

our research
Health state description

Disability weight 
(95% CI)

Diagnosis and primary 
therapy phase of 

breast cancer

Cancer, diagnosis and 
primary therapy

has pain, nausea, fatigue, 
weight loss and high anxiety

0.288 
(0.193-0.399)

Controlled phase of 
breast cancer

Generic uncomplicated 
disease: worry and daily 

medication

has a chronic disease that 
requires medication every day 
and causes some worry but 

minimal interference with daily 
activities

0.049 
(0.031-0.072)

Metastatic phase of 
breast cancer

Cancer, metastatic
has severe pain, extreme 

fatigue, weight loss and high 
anxiety

0.451 
(0.307-0.6)

Terminal phase of 
breast cancer

Terminal phase, with 
medication (for cancers, 
end-stage kidney/liver 

disease)

has lost a lot of weight 
and regularly uses strong 

medication to avoid constant 
pain. The person has no 

appetite, feels nauseous, and 
needs to spend most of the 

day in bed

0.54 
(0.377-0.687)

Mastectomy due to 
breast cancer

Mastectomy
had one of her breasts 

removed and sometimes has 
pain or swelling in the arms

0.036 
(0.02-0.057)

In Table 2 (Appendix 2), the pre-selection list of HRQoL utilities that were extracted by specific 

criteria from the selected papers, are listed. For the final analysis, we selected HRQoL utilities 

based on similarity of health state descriptions to the disability weights.
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Appendix 3: Life histories

To obtain DALYs and QALYs, we defined possible life histories (LH), different in health phases 

which person go through, and causes of death (breast cancer or other cause) in order to 

investigate the impact of screening on a woman’s quality of life. For both analyses, life histories 

started from screening to death. Each scenario can have diverse time duration, depending 

from time-duration of health state, and age of death. Following these different life histories was 

important for attaching different disability weights and utilities to different life periods and health 

states. In both DALY and QALY analysis, we assume that from all persons diagnosed with non-

metastatic BC, 1/3 of them had mastectomy8, and 2/3 lived with controlled BC (Stage 0 (ductal 

carcinoma in citu) – Stage 3, based on TNM staging system). Additionally, the time spent with 

mastectomy, controlled BC, and metastatic BC was calculated as the difference between life 

years lived from diagnosis to death and the sum of time spent in others health states.

For the DALYs analysis, specific health states time-durations were assumed which remained the 

same for all six scenarios (6 months for diagnosis and primary treatment, 3 years for metastatic 

and 1month for terminal phase of BC). Women diagnosed with BC spent the first six months 

in the diagnostic and treatment phase followed by either mastectomy (LH-1), (LH-2), or the 

controlled BC phase (LH-3, LH-4). Women who lived with controlled BC or with mastectomy 

could die from BC (LH-1, LH-3), or from other causes (LH-2, LH-4, and LH-6). Women who were 

diagnosed with metastatic BC did not go through the diagnostic and treatment phase for six 

months, but rather lived in the metastatic phase until they reach the terminal phase and died 

of BC (LH-5) or of other causes (LH-6). If persons died from BC (controlled or metastatic BC), 

it was assumed that 1 month prior death, disease progressed in terminal phase, and more 3 

years before terminal phase disease metastasized, except for persons who were diagnosed with 

metastatic BC earlier. Figure 1 (Appendix 3) summarizes above described LH (1–6).
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Appendix 4 Table 5. Years of life lost (YLLs) for biennial screening strategy from 50 to 74

Years of life lost - YLL

Age of death BC deaths LE Total

0-4 0.00 82.90 0.00

5-9 0.00 78.90 0.40

10-14 0.00 73.90 1.16

15-19 0.01 69.00 1.89

20-24 0.01 64.00 2.08

25-29 0.01 59.10 2.41

30-34 0.02 54.10 4.13

35-39 0.11 49.20 17.78

40-44* 0.22 44.30 30.32

45-49* 0.33 39.50 35.25

50-54* 0.45 34.70 36.07

55-59* 0.51 30.10 30.98

60-64* 0.54 25.70 23.78

65-69* 0.52 21.40 16.33

70-74* 0.48 17.20 10.54

75-79* 0.44 13.30 6.40

80-84* 0.38 7.90 2.83

85-89* 0.27 6.80 1.49

90-94* 0.14 4.60 0.43

95-99* 0.04 3.00 0.08

Total: 106.98

Abbreviations: BC – Breast Cancer; LE – Life Expectancy
*Results are discounted using 3% discount rate

Finally, the sum of all YLDs from each life history and total YLLs represents total DALYs of this 

screening strategy (Appendix 4 Table 6). The total DALYs for this screening strategy is compared 

with reference screening strategy (no screening strategy). The difference represents how many 

years this intervention averts (DALY averted).
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Appendix 4 Table 6. Final results of DALYs and DALYs averted for biennial screening strategy from 50 to 74

Total YLDs of this strategy: 146.17

Total YLLs of this strategy: 224.36

Total DALYs of this strategy: 370.52

DALY averted by this strategy: 63.44

Abbreviations: YLD – Years Lived with Disability; YLL – Years of Life Lost Due Premature Death; DALY – Disability Adjusted 
Life Years

QALYs calculation

For the QALY calculations, we used similar method as for the DALY analysis. We defined one 

additional life history for QALY analysis: Life history 7 – Followed Screening Program and Died 

from Other Causes (Appendix 4 Table 7), for women who did not diagnosed with BC during 

life and died from other causes. As well, we followed the assumption that each diagnosis of 

BC needs 3 biopsies in average8 and quality of life lost due additional biopsies are calculated 

in Table 6. In our calculation we used disutility (1 – health related quality of life utility (HRQoL)) 

to estimate how many years of life is lost due lower quality of life. Disutility was described for 

screening, biopsy, mastectomy, controlled, metastatic and terminal BC. Specific health states 

time-duration (1 week of screening, 5 weeks of biopsy, 3 years for metastatic and 1 month for 

terminal BC) was multiplied with specific disutility and number of women who experienced that 

state. Time lived with mastectomy, controlled or metastatic BC is calculated as a difference of 

total life years from diagnosis to death (due BC or other causes) and life years lived in other 

health states. Finally, the sum of all years lost, due lower quality of life as a consequences of 

BC and related health states, is subtracted from total life lived in this cohort to estimate total 

QALYs for this screening strategy. This result is compared with no-screening, and the difference 

represents how much quality adjusted life years are gain due this screening program.
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Appendix 4 Table 7. Followed Screening Program and Died from Other Causes

Life History 7 – Followed Screening Program and Died from Other Causes

  Disutility Number Time Time of Life Total

Screening 0.01 4491.12 0.02 86.37 0.86

Biopsy Other 0.11 155.39 0.10 14.94 1.64

Total Life Years Lost in This Life History: 2.51

Appendix 5: Cost-effectiveness analysis without 3% annual discount rate for costs and 

effects

The net costs for each strategy were defined as the difference between the total costs of the 

strategy and the costs of the reference strategy. In Appendix 5 Table 1 are presented the results 

of cost-effectiveness analysis without using 3% annual discount rate for costs and effects of 

each strategy in the same order as it is presented in CE analysis with discounted rates. The 

minimum DALY averted and QALY gained is by screening triennially from 50 – 69 (T50-69) with 

190 averted and 100 gained years, respectively compared to no screening. The most beneficial 

regarding to DALY averted and QALY gained is screening annually from 45 to 74 (A45-74), with 

402 DALY averted and 215 QALY gained. 
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Appendix 5 Table 1. The net costs in Euros, DALYs averted and QALYs gained per 1,000 women per 
strategy; without 3% annual discount rate for costs and effects

Screening strategy a Net costs per strategy b DALYs averted QALYs gained

No screening Ref. (Total cost 2,348,122) Ref. Ref.

T50-69 36,829 189.9 99.6

T50-74 44,1963 213.3 108.6

T45-69 98,156 229.8 123.9

B50-69 105,504 253.1 132.8

T45-74 130,120 237.3 126.0

B50-72 146,892 256.9 133.7

B50-74c 168,734 270.7 138.3

B47-69 176,806 265.0 142.8

B47-72 193,262 284.5 150.5

B47-74 207,869 294.1 153.7

B45-69 212,121 280.1 151.9

B45-72 228,549 299.7 159.8

B45-74 242,540 309.6 163.3

A47-50_B50-69 242,677 276.8 150.6

A47-50_B50-72 265,018 302.8 160.9

A47-50_B50-74 279,776 312.0 164.0

A45-50_B50-69 298,886 294.5 161.5

A45-50_B50-72 321,440 320.5 171.8

A45-50_B50-74 336,399 329.6 174.7

A50-69 466,600 311.5 166.9

A50-74 515,858 341.9 178.9

A45-69 595,010 371.5 203.2

A45-74 593,139 401.8 215.3

Abbreviations: DALY – Disability Adjusted Life Years, QALY – Quality Adjusted Life Years, Ref. - Reference
a Screening strategies consist of biennial (B), annual (A) screening or combination (A + B), and triennial (T)
b Result is presented in Euros
c Current screening strategy in the Netherlands

Cost-effectiveness (CE) analysis was performed by dividing the net costs for each strategy by 

its DALY averted or QALY gained. Annual discount rate for costs and effects were not used 

(for results with discounted rates, please see the manuscript).  As cost-effective strategies we 

assumed the same strategies as presented in discounted analysis (see the manuscript) and 

calculated incremental cost-effectiveness ratios (ICERs) (Appendix 5 Table 2).
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Additionally, we tested the robustness of our analysis by replacing the health disutilities (1 – 

HRQoL) for mastectomy; controlled breast cancer; metastatic breast cancer; and terminal 

disease with corresponding disability weights in all screening strategies, including the no 

screening strategy, at the same time. Thus, we re-calculated the ICERs and identified non-

dominated strategies. In Appendix 6 Table 2 the results of each screening strategy, ordered by 

the net costs per strategy (same order as in the manuscript) are presented. The QALY gained 

ranged from 59 – 129, compared with 29 – 65 previously. The ICERs per QALY gained varied from 

€947 to €3,585 (Table 3). This is lower than in the previous analysis presented in the manuscript, 

where the range of ICERs per QALY gained was €1,960 to €15,899.

In Appendix 6 Figure 1 we present the efficiency frontier of the screening strategies. In our 

sensitivity analysis, one strategy did not appear as non-dominant (B45-72) compared with 

previous results, giving the results of the same strategies at the efficient frontier for both DALY 

averted and QALY gained used.
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Appendix 6 Table 2. The discounted net costs in Euros, LYG, DALYs averted, QALYs gained with 1-HRQoL 
utilities and QALYs gained (with adjusted utilities) per 1,000 women per strategy

Screening 
strategy a

Net costs per 
strategy b LYG

DALYs 
averted

QALYs gained 
with

1-HRQoL 
utilities

QALY gained 
with

adjusted 
utilities

No screening
Ref. (Total cost: 

1,201,486) Ref. Ref. Ref. Ref.

T50-69 56,217 36.70 46.00 28.69 59.38

T50-74 64,326 40.10 49.68 30.48 65.18

T45-69 111,203 46.90 61.79 37.69 75.24

B50-69 118,112 46.90 58.30 36.60 74.61

T45-74 119,276 50.30 65.45 39.50 81.03

B50-72 129,089 49.80 61.40 38.19 79.47

B50-74c 140,301 51.70 63.44 39.00 82.75

B47-69 158,257 53.80 68.77 42.68 85.31

B47-72 169,153 56.70 71.84 44.24 90.15

B47-74 176,803 58.10 73.28 44.91 92.52

B45-69 190,112 57.80 75.32 46.20 91.53

B45-72 200,995 60.80 78.40 47.87 96.47

B45-74 208,447 62.20 79.88 48.52 98.86

A47-50_B50-69 212,050 57.30 74.23 45.79 90.45

A47-50_B50-72 226,701 61.20 78.34 47.91 96.94

A47-50_B50-74 234,261 62.40 79.69 48.39 99.06

A45-50_B50-69 262,407 62.00 81.53 49.84 97.48

A45-50_B50-72 277,127 65.90 85.63 51.98 103.96

A45-50_B50-74 284,729 67.10 86.97 52.46 106.08

A50-69 323,346 63.00 76.92 48.59 97.74

A50-74 349,540 67.50 81.58 50.92 105.13

A45-69 456,493 78.40 100.94 62.02 121.48

A45-74 462,471 83.00 105.58 64.50 128.99

Abbreviations: LYG – Life Years Gain, DALY – Disability Adjusted Life Years, QALY – Quality Adjusted Life Years, Ref. - 
Reference
a Screening strategies consist of annual (A), biennial (B) and triennial (T) screening or combination of annual and biennial 
(A + B)
b Result is presented in Euros
c Current screening strategy in the Netherlands
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Appendix 6 Table 3. Additional discounted costs; DALYs averted; and QALYs gained (with adjusted utilities) 
and Incremental Cost-Effectiveness Ratio for cost-effective screening strategies

Cost-effective strategies – ICER

DALY analysis QALY analysis with adjusted utilities

Screening 
strategy

Additional 
costsa

Additional 
DALY 

averted

ICERb Screening 
strategy

Additional 
costsa

Additional 
QALY 

gained

ICERb

No screening Ref. Ref. Ref. No screening Ref. Ref. Ref.

T50-69 56,217 46.00 1,222 T50-69 56,217 59.38 947

T50-74 8,109 3.67 2,207 T50-74 8,109 5.80 987

T45-74 54,950 15.77 3,484 T45-74 54,950 15.85 1,472

B45-74 89,171 14.43 6,180 B45-74 7,452 17.83 2,108

A45-74 254,024 25.70 9,883 A45-74 254,024 30.12 3,585

Abbreviations: DALY – disability adjusted life years; ICER – incremental cost-effectiveness ratio; QALY – quality adjusted life 
years, Ref. - Reference
a The results are presented in Euros, and reflect the additional costs relative to the less effective strategy in the ranking
b The results are presented in Euros per one DALY averted or QALY gained (with adjusted utilities), and are calculated as the 
difference in costs divided by the difference in DALY averted or QALY gained (with adjusted utilities) between a strategy and 
the previous, less effective strategy in the ranking
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validated our model predictions against observed data. As an extension of the systematic review 

noted in Chapter 2 , we identifi ed studies that provided “best evidence” in observed data, which 

the MISCAN model output can be validated against (Figure 1, part 2). We found that our country-

specifi c models accurately estimated stage distribution, incidence and mortality rates as well as 

breast cancer mortality reductions due to screening in Europe (Figure 1, part 3). Finally, we used 

these models to design the EU-TOPIA evaluation tool. This powerful online tool allows users 

to simulate outcomes, benefi ts and harms of several cancer screening strategies for their own 

country (Figure 1, part 4). 

EU-TOPIA: Evaluation tool

Validate country-
specific MISCAN 
breast models

(NL, I, FI, and SLO)

Develop country-
specific MISCAN 
breast models 

(NL, I, FI, and SLO)

Systematic review
Evidence for breast cancer specific 

mortality reduction due to 
screening in Europe

2
b

1
a

3

4

Figure 1:  The consecutive steps of EU-TOPIA Evaluation tool development, based on the four exemplary 
countries (the Netherlands, Italy, Finland and Slovenia).

Effects of adjusting the screening age-range on harm-to benefi t ratios

In 2003, the European Council published their fi rst guidelines for organized mammography 

screening programs for early detection of breast cancer in asymptomatic women with a strong 

recommendation for inviting women ages 50-69, every two years17. Screening recommendations 

from some major medical agencies have strongly supported the recommendation for this age 

range18 19. However, with different demographic structures, background risks and health policies, 

there is no one-size-fi ts-all paradigm in organized breast cancer screening. While most European 

countries adopted the target age range for breast cancer screening suggested by the European 

Council, to increase the benefi ts for their female population, a few countries adopted a different 

age range, either inviting women younger than 50 years or inviting women beyond the age of 69 

years (Chapter 4 ).
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The effectiveness of screening below the age of 50 years is an important issue in breast cancer 

screening. While young women (<50 years) are known to be at lower risk of developing breast 

cancer compared to older women1 20, tumors grow faster. However, younger women have higher 

breast density, which lowers the sensitivity of mammography and results in more false-positive 

results21-25. The most recent European screening guidelines suggest that screening could be 

beneficial for those women aged below 50 or over 69 years. For asymptomatic women aged 45 

to 49 and 70 to 74 with an average risk of breast cancer, the ECIBC’s Guidelines Development 

Group (GDG) suggests mammography screening in the context of an organized screening 

program15, similar to the review performed for the IARC Handbook1. However, the evidence is 

not conclusive9. 

In Chapter 5 , we therefore used the MISCAN-Breast models to assess how harm-to-benefit-

ratios would vary if biennial breast cancer screening would be extended to younger and/or older 

age groups (45-69, 45-74, 50-74) when compared with the current strategy of screening women 

in the age group 50-69. We performed simulations for the four exemplary European countries 

noted previously (The Netherlands, Italy, Finland and Slovenia). Our research aimed to quantify 

the benefits and the harms of breast cancer screening in the varying age groups. The balance 

between benefits and harms is expressed in four harm-to-benefit-ratios: overdiagnosed breast 

cancer cases/averted breast cancer deaths, false-positive results/averted breast cancer deaths, 

overdiagnosed breast cancer cases/ life-years gained and false-positive results/ life-years 

gained. 

Compared to the reference strategy 50–69, screening women at 45–74 or 50–74 years would 

be less beneficial in any of the four countries than screening women at 45–69, which would 

result in relatively fewer overdiagnoses per death averted or life-years gained. At the same 

time, false positive results per death averted would increase substantially. Our analysis in 

Chapter 5  provides insight as to how harm-to-benefit-ratios of breast screening programs 

could be improved by adjusting the age range of screened women. Assuming different 

strategies, this modelling study represents meaningful information on the magnitude of harms 

and benefits and the results are likely to be relevant to other European countries as well.  

Our research focused on explaining how these four harm-to-benefit-ratios are affected by 

varying age-ranges in four countries. A valuable extension to this analysis would have been to 

include different screening frequencies and to include the cost-effectiveness of those strategies, 

as this is essential before any decision about potential screening policy changes can be made. 

Future research should combine the triad of benefits, harms and costs as key elements of health 

policy decision making. Such an analysis could consider additional screening effects, such as 

treatment related advantages or psychological harms that might occur throughout the phases 

of the screening pathway. These effects are all associated with women’s health state utilities 

(quality-adjusted life years, QALYs) as well as disability-adjusted life years (DALYs). Adding such 
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future harms and benefi ts of different cancer screening scenarios in their country. Users then 

defi ne ways to overcome the barriers in the alternative scenario by 1) identifying input parameters 

which need to be changed and 2) defi ning the magnitude of change for each input parameters27. 

The Italian example demonstrates a systematic approach and stepwise process, which can 

be easily followed or adapted by other European countries or stakeholders. When alternative 

screening scenarios refl ect more favorable long-term outcomes at feasible costs (as seen 

in Chapter 6 ), a next step is to identify (supportive) stakeholders to help to overcome these 

barriers in “real life”. Subsequently, as the fi nal part of the road map development, an action plan 

should be outlined for each of the simulated scenarios (Figure 2).

Figure 2: Road map development process in EU-TOPIA. 

The intent of a road map is to inform national or regional policymakers about action plans which improve cancer screening 
programmes by overcoming barriers in a structured form. It also reports the quantifi cation of the impact of the proposed 
changes on screening outcomes and identifi es key stakeholders to implement the changes.

DALYs and QALYs: same but different

Cost-effectiveness analyses are valuable tools to determine an optimal screening intervention 

by comparing it with alternative strategies. Breast cancer screening affects the length of life 

(mortality) as well as quality of life (morbidity)28. To date, the best way to combine mortality 

and morbidity in one single unit is using health-adjusted life years, an umbrella term for quality 

adjusted life years (QALY) and disability adjusted life years (DALY). To use cost-effectiveness 

analyses more effectively to inform health policy, in Chapter 7 we evaluated the impact of 

using DALYs versus QALYs on outcomes and optimal breast cancer screening strategies. We 

questioned if QALY and DALY were interchangeable summary measures of health. Using DALYs 
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averted instead of QALYs gained to assess the effects on quality of life from breast cancer 

screening in the Netherlands yields differences in cost-effectiveness. However, using DALYs 

averted or QALYs gained resulted in only subtle nuances, with nearly the same strategies on 

the efficient frontiers, and no effect on the conclusions of the cost-effectiveness analyses. The 

relationship between these two measures remained constant through all analyses and Chapter 

7 suggests that both can be used to determine the optimal breast cancer screening strategy. A 

number of other studies have discussed the theoretical differences between QALYs and DALYs29 

30. They generally concluded that both measures have proven serviceable for resource allocation 

and priority setting in health policy. Nonetheless, to accommodate comparison across studies, 

results from Chapter 7  recommend using DALYs for burden of disease studies and QALYs in 

cost-effectiveness analyses. 

The information collected in Chapters 5 to 7  thus provides the following answer to the research 

question:

How can harmful screening effects be reduced and positive effects enhanced? And 

are there better screening practices possible?

The scientific body of evidence on breast cancer screening that has been gathered in 

the past decades has led to the widespread use of mammography screening throughout 

Europe. However, there is no consensus about which screening strategy is optimal. The most 

recent systematic review on RCTs, which informed the European Breast Cancer Guidelines, 

estimated that for each breast cancer death avoided, approximately four overdiagnosed 

cases will be managed when women are invited to screening from age 50 to 699. However, 

this figure remains tentative due to the potential bias in the overdiagnosis estimates. Such 

limited quantification abilities regarding the most important harm of breast cancer screening, 

emphasize the need for ways to complement RCTs. This is an area where simulation 

models are used to make projections about the effects of various screening strategies.  

After calibrating and validating MISCAN for four exemplary European countries, we concluded that 

- compared to the reference strategy 50–69 - screening women at 45–74 or 50–74 years would be 

less beneficial in any of the four countries than screening women at 45–69, which would result in 

relatively fewer overdiagnoses per death averted or life-years gained. At the same time, false positive 

results per death averted would increase substantially. Our results indicate that any conclusions on 

an improved balance between harms and benefits depend on the metric used to evaluate changes 

in screening strategy. That highlights the importance of taking preferences of different stakeholder 

groups (such as the target population, health professionals, and policymakers) into account9 31.  

Removing the most important barriers of the current breast cancer screening programs could result 

in substantial improvements and be cost effective or even cost saving. Based on our hypothesis 

that decreasing geographical barriers helps to increase participation, we showed that investing 

in mobile mammography units would be cost effective in regions with low screening adherence. 
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Both QALYs and DALYs can produce cost-effectiveness estimates that assist health policy makers 

with identifying changes that potentially improve their screening programs.

FUTURE CHALLENGES AND OPPORTUNITIES

Consideration on the comparability of harms and bene�ts

Overdiagnosis is inherent to breast cancer screening, which seeks to diagnose and mitigate 

the disease before it is clinically evident. The question we need to ask is then, how much 

overdiagnosis is acceptable for breast cancer screening before a program needs to change or 

to stop. 

Despite research evidence on the effect of different screening strategies on harms and benefits 

and the ratios thereof, researchers are limited in the way they voice health policy recommendations. 

The reason for that is that health policy related decision-making depends on how the considered 

harms and benefits are prioritized by the people in charge of the program. More consideration 

should be given to the comparability of what are very different events. For example, the value 

of a life saved (QALYs gained) versus an overdiagnosed case (potentially resulting in DALYs 

averted): the consequences of the two different events are obviously of different magnitude. Or: 

Is overdiagnosis worse than false-positive results? The answer to that might differ depending 

on whom you ask: Women attending screening may have a different perspective and tolerance 

towards harms and benefits than policymakers. Making informed screening decisions requires 

transparency in values and preferences judgements. Through surveys and panel discussions, 

target population thresholds could be established and subsequently used to inform screening 

guidelines and recommendations. That would be a prerequisite for specifying the magnitude 

of benefit required for people to accept the burdens and harms associated with screening32 33. 

To avoid or clarify potential discrepancies, an acceptance threshold of harms and benefits of 

screening, translated into harms-to-benefit-ratios, should be included in the European Screening 

Guidelines.

Special considerations Eastern Europe 

Breast cancer causes more than 51,000 deaths each year in Eastern Europe34. Chapter 2 

presented a large amount of evidence on the effectiveness of screening programmes in Western, 

Northern and Southern Europe. Although many Eastern European countries have implemented 

some form of breast cancer screening, the key barrier in most of these countries is the presence 

of non-organized (opportunistic) screening programs, leading to lack of data collection and lack 

of good quality assurance systems. In addition, coverage of organized screening is commonly 

low and vulnerable minority groups are not reached35 36. One can expect that, when bringing 

the quality of the screening program to an acceptable level, breast cancer screening will be as 
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Recommendations for future research

-	� Elicit an acceptance threshold of harms-to-benefit-ratios, which can be included in the 

European Screening Guidelines. This would help to standardize the priorization of the 

considered harms and benefits.

-	� Extend the harm-to-benefit analysis of various age-based strategies of breast cancer 

screening to a cost-effectiveness analysis. Such an analysis would consider additional 

screening effects, such as treatment-related advantages or quality of life, as well as costs.

-	� Implement improved cancer screening programs in Eastern Europe taking into account 

all relevant country-specific factors, including ethical, cultural, environmental and socio-

economic factors and resource differences.

-	� Develop country-specific road maps, taking barriers and resources into account, to ensure 

the implementation of feasible country-specific screening programs.

-	� Estimate the cost and effects of screening targeted to individual, age-specific, breast 

cancer risk based on a combination of risk factors including breast density, family history, 

and gene mutations.

-	� Evaluate the potential for risk-based breast screening in countries where a population-

based screening programme is not yet fully implemented (e.g. Eastern Europe).

MAIN CONCLUSIONS
 

-	� Several methodologically appropriate approaches exist that are able to capture the true 

beneficial effect of mammographic screening.

-	� The reduction in breast cancer mortality due to breast cancer screening in attenders versus 

non-attenders ranged between 12%-58% in Europe. 

-	� Yearly, 21,680 breast cancer deaths have already been prevented due to mammography 

screening. The number of breast cancer deaths could be further reduced substantially (by 

more than 12,000 annually) in all European regions, if 100% of the eligible women aged 50-

69 in Europe would be screened every two years.

-	� Starting screening women at 45 years, five years prior to the currently recommended age-

range of 50-69 years, could improve the ratio of overdiagnosed breast cancer to breast 

cancer deaths averted.

-	� The major barriers to the breast cancer screening programs in (Southern) Italy could 

be overcome by initiating feasible changes leading to better long-term outcomes. The 

employed online tools can be an effective and reliable resource for European policymakers 

aiming for informed decision-making on cancer screening in their country. 

-	� DALY and QALY can both be used to determine the optimal breast cancer screening 

strategy. 
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evaluate benefits of screening more frequently than harms. All included systematic reviews are 

consistent in certifying a reduction in breast cancer mortality among women aged 50–69 years. 

However, important nuances exist across studies and regions at variable levels of credibility. 

Results for overdiagnosis varied widely by type of original evidence and several methodological 

differences, e.g. the denominator, the duration of follow up or the accounting for ductal carcinoma 

in situ.Therefore, the magnitudes in effects of benefits and harms of mammography remain 

heterogeneous.

We estimated in Chapter 4, that breast cancer screening prevents nearly 21,700 breast cancer 

deaths in Europe each year. Cancer screening programs can only be effective in reduction in 

mortality from breast cancer if a high proportion of people within the target population make an 

informed choice to participate. Our aim in Chapter 4 was to investigate what the effect would be of 

an increased or even complete breast cancer screening coverage on breast cancer mortality for 

each European country. We found that introducing a hypothetical 100% coverage of screening in 

the advised target age group (meaning, all eligible women aged 50-69 are invited and follow this 

invitation), the number of breast cancer deaths of European women could be further reduced by 

almost 12,500 per year. The effect would be particularly notable in Eastern Europe.

Part 2: Modelling the impact of different interventions on the harms and bene�ts of 

breast cancer screening

In Part 2 of this thesis, we evaluated the impact of different screening interventions on the 

harms and benefits of breast cancer screening across different European countries, using the 

microsimulation model (MISCAN-Breast). 

Breast cancer screening causes harms and benefits. The balance between the two varies by age. 

In Chapter 5, we used the MISCAN-Breast models of four European countries (the Netherlands, 

Finland, Italy and Slovenia) to assess how harm-to-benefit-ratios would vary if biennial breast 

cancer screening would be extended to younger and/or older age groups (45-69, 45-74, 50-74) 

when compared with the current strategy of screening women in the age group 50-69. We found 

that in all countries, adding screening between the ages 45 and 49 or 70 and 74 resulted in more 

life-years gained and more breast cancer deaths averted, but at the expense of increases in 

harms (i.e. the number of overdiagnoses and false-positive diagnoses,). Adapting the age range 

of breast cancer screening is an option to improve harm-to-benefit ratios, but the prioritization of 

considered harms and benefits affects the interpretation of the results.

Despite the benefits of early detection, in practice, screening programs often fail to achieve their 

full potential. Therefore, in Chapter 6 we assessed how breast cancer screening programs can 

be further optimized. Using Italy as the example, we first identified barriers common to those 

identified in other countries, namely low adherence to screening and a combination of screening 
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intervals due to opportunistic screening (leading to a screening interval < 2 years) and a lack of 

recourses (leading to a screening interval > 2 years). Subsequently, we modelled potential future 

changes (i.e. practical solutions) that can be initiated to the breast cancer screening programs 

to overcome these barriers and to improve screening. Our analysis shows that removing the 

most important barriers of the current Italian breast cancer screening programs could result in 

substantial improvements and could be cost effective or even cost saving. This Italian example 

illustrates a systematic approach and stepwise process that can be easily followed or adapted 

by other European countries or stakeholders.  

Cost-effectiveness analyses are valuable tools to determine an optimal screening intervention 

by comparing it with alternative strategies. Breast cancer screening affects the length of life 

(mortality) as well as quality of life (morbidity). To date, the best way to combine mortality and 

morbidity in one single unit is using health-adjusted life years, an umbrella term for quality 

adjusted life years (QALY) and disability adjusted life years (DALY). To use cost-effectiveness 

analyses more effectively to inform health policy, in Chapter 7 we evaluated the impact of 

using DALYs versus QALYs on outcomes and optimal breast cancer screening strategies. We 

questioned if QALY and DALY were interchangeable summary measures of health. We found 

that using DALYs averted instead of QALYs gained to assess the effects on quality of life from 

breast cancer screening in the Netherlands yields differences in cost-effectiveness. However, 

these differences were only subtle, with nearly the same strategies on the efficient frontiers, and 

no effect on the conclusions of the cost-effectiveness analyses. Since the relationship between 

these two measures remained constant through all analyses, we conclude that both can be used 

to determine the optimal breast cancer screening strategy. 

CONCLUSIONS

Based on the results of the studies described in this thesis, we derived the following conclusions:

-	� Several methodologically appropriate approaches exist that are able to capture the true 

beneficial effect of mammographic screening.

-	� The reduction in breast cancer mortality due to breast cancer screening in attenders versus 

non-attenders ranged between 12%-58% in Europe. 

-	� Yearly, 21,680 breast cancer deaths have already been prevented due to mammography 

screening. The number of breast cancer deaths could be further reduced substantially (by 

more than 12,000 annually) in all European regions, if 100% of the eligible women aged 50-

69 in Europe would be screened every two years.

-	� Starting screening women at 45 years, five years prior to the currently recommended age-

range of 50-69 years, could improve the ratio of overdiagnosed breast cancer to breast 

cancer deaths averted.
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-	� The major barriers to the breast cancer screening programs in (Southern) Italy could 

be overcome by initiating feasible changes leading to better long-term outcomes. The 

employed online tools can be an effective and reliable resource for European policymakers 

aiming for informed decision-making on cancer screening in their country. 

-	� DALY and QALY can both be used to determine the optimal breast cancer screening 

strategy.
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Borstkanker is een belangrijk volksgezondheidsprobleem in Europa. Het is veruit de meest 

voorkomende vorm van kanker bij Europese vrouwen: bijna een derde van alle nieuwe kankers 

bij vrouwen is borstkanker. Op dit ogenblik hebben vrouwen in Europa een kans van 1 op 7 om 

tijdens hun leven borstkanker te ontwikkelen. Borstkanker blijft de voornaamste doodsoorzaak 

bij Europese vrouwen. Maar bemoedigend is dat het sterftecijfer voor borstkanker in het grootste 

deel van Europa sinds de jaren tachtig is gedaald. Deze gunstige trend in het sterftecijfer voor 

borstkanker is vooral te danken aan de vooruitgang op het gebied van vroegtijdige diagnose 

en verbeterde behandeling. Er blijven echter grote ongelijkheden bestaan tussen de Europese 

landen in het aantal kankergevallen en de sterftecijfers. 

Borstkankerscreening betekent dat de borsten van een vrouw op kanker worden gecontroleerd, 

voordat er tekenen of symptomen van de ziekte zijn. Doel is het voorkomen van gevorderde 

stadia van deze ziekte en daarmee ook de sterfte als gevolg van borstkanker te verminderen. 

Screeningprogramma’s voor borstkanker zijn momenteel in de meeste Europese landen goed 

ingeburgerd. De meeste van deze landen voeren een tweejaarlijkse screening op borstkanker 

in de minimumleeftijdsgroep (50-69 jaar, zoals aanbevolen door de Europese Unie). Er 

bestaan echter verschillen in de stand van uitvoering, de mate waarin screeningprogramma’s 

georganiseerd zijn of naast opportunistische screeningactiviteiten bestaan, en in de dekking van 

de uitnodigingen en de deelname aan screening.

Het doel van dit proefschrift was om de gevolgen van variaties in borstkankerscreeningpraktijken 

te onderzoeken (Deel 1) en mogelijke manieren om screeningprogramma’s in heel Europa 

verder te optimaliseren (Deel 2). 

Deel 1: De effectiviteit van borstkankerscreening

In hoofdstuk 2 hebben we een systematisch onderzoek uitgevoerd om een overzicht te krijgen 

van de huidige gegevens over het terugdringen van borstkankersterfte door mammografisch 

screenen in Europa. Onze resultaten versterken eerdere bevindingen dat mammografie-

screening de sterfte aan borstkanker vermindert, maar benadrukken dat dit in verschillende mate 

gebeurt. Voor deze systematische review hebben we zowel gerandomiseerde gecontroleerde 

trials (RCT’s) als observationele studies, zoals prospectieve en retrospectieve gecontroleerde 

cohort- of case-controlstudies, meegenomen. Het strikte gebruik van algemeen erkende en 

transparante instrumenten om de kwaliteit van elke geïncludeerde referentie te beoordelen, liet 

ons toe alleen studies met de meest valide informatie te selecteren. Uit deze reeks studies van 

hoge kwaliteit bleek dat het effect van georganiseerde screening (richtleeftijd 50 -69 jaar) op de 

borstkankerspecifieke sterfte varieert van 12% tot 58% bij deelnemers aan de screening versus 

niet-deelnemers en van 4% tot 31% bij uitgenodigde versus niet-genodigde vrouwen.
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