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

INTRODUCTION

Breast cancer (BC) has become the most common cancer in women worldwide in both developed
and developing countries' 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 decades®.

Itisthirty-five years since randomized controlled trials (RCT) showed that mammography screening
leads to a reduction in BC mortality*, which resulted in various policy recommendations®. 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 mortality®'2. 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 screening®.

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 years'. BC
screening is delivered mainly by organized programs encouraged by the European Commission,
which has published quality assurance guidelines', which are currently being updated'®. 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 screening'®. 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 reported"’.

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 RCTs'®
21 whereas others focused exclusively on observational studies® ' 2. Several reviews did not
follow a standardized quality appraisal protocol® '® 2223, 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 screening'. 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)%*. We followed the PRISMA (Preferred Reporting
ltems for Systematic Reviews and Meta-Analyses) statement and checklist when reporting our
findings®.

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.

28



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

Table 1. PICOS criteria for inclusion and exclusion of studies

Parameter Inclusion criteria Exclusion criteria

Population People invited to / participating ~ People from non-European
in organized' mass screening countries.
for breast cancer in a European
country?

Intervention Organized screening for breast,  Other screening interventions (e.g.
cancer. breast self-examination)

Control People not invited to/not No control group (everybody is
attending organized screening screened)
or people participating in
opportunistic screening only.

Outcome Change in breast cancer No direct estimation of breast
mortality due to screening. cancer mortality reduction due to

screening®
Study design Randomized controlled trials, Non-original research studies (e.g.

retrospective and prospective
observational (cohort or case-
control) studies

editorials, letters, and conference
abstracts), modeling/simulation
studies, ecological studies*.

'Based 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 ?Western 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, ltaly, Malta, Portugal,
Spain. Eastern Europe: Bulgaria, Czech Republic, Croatia, Hungary, Poland, Romania, Slovakia, Slovenia. *Studies that only
provide estimates on changes of survival rates, were excluded. *Ecological 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 colleagues®: 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%Cl]) 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 Union?.

Quality appraisal

We used the Cochrane risk of bias instrument? 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)?. 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 Anttila®® 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 Cancer®' ®2, 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,

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

(1) 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%% to 36%% in Northern Europe, from 25%°% 82
to 35%% in Southern Europe and from 6%% to 47%5% in Western Europe. When comparing BC
mortality of screened vs. non-screened women, estimates varied from 2%°%° to 89%%* in Northern
Europe, from 43%°%to 67%°” in Southern Europe and 12%°% to 58%% 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 |, 27% (17/60) were graded as quality category Il, 60% (37/60)
fell into category Il and 8% (5/60) into category V. Due to the numerousness of included studies,
we will only highlight the results from those 19 studies from group | and Il. 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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Figure 2. Forest plot displaying the effectiveness of organized mammographic screening on breast cancer
specific mortality, of studies with (very) good quality (group | and Il), 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)% 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% Cl: 0.56-0.84]), whereas the Malmd mammographic screening trial® initially did not find a
statistically significant effect of screening (RR = 0.96 [95% Cl: 0.68-1.35]) after a little less than
9 years of follow-up. Andersson® provided additional follow-up data of the two cohorts from the
Malmé 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% ClI: 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)* 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 a28% reduced risk of death from BC compared with not beinginvited (RR = 0.72 [0.64-0.79])%.
Hofvind (2013)* compared BC mortality of women attending screening with that of anon-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)* 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)** 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)).

Heindvaara (2016)” 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 Il). In a
rural area near Florence a population-based screening program for BC was started in 1970. The
case-control study by Palli (1986)% 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)%" 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)% 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)™" 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)7¢ 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)7® ""reported 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)%” (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)% 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)7 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) 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
mammaographic 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 screening'.
Getzsche and Jergensen?', 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 reduction®. 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 programs® %. 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.® 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 treatment®. Changes in treatment over
time — in Norway, for example, multidisciplinary breast care centers have been introduced
parallel with the organized screening program?° 4697 - 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)% 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 services'. 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 1990s* and still plays an important role in explaining
low participation rates in the organized programs'. 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 results'®.

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 included™ '°'. 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 ltalian 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):abti,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 lItaly 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).
abti,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*).abti.)
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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 ltaly OR ltalian 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=(((((oreast 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 ltaly OR ltalian 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 lItaly 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 (muilti
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
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Appendix 3. Characteristics of excluded studies.

Study

Reason for exclusion

Alexander F E, 1994
Alexander F E, 1997
Autier P 2012

Baker SG, et al
Barchielli A, 2001
Bastos, 2017

Beau, 2017
Bjurstam N, 1997
Bjurstam N, 1997
Bjurstam, 2003
Blamey R W, 2002
Blanks RG, 2000
Broeders MJM, 2001
Celko A, 1996
Chamberlain J, 1988
Chen H H, 1995

Christensen L H, 2006

Collette C, 1992
Collette HJA, 1985
Collette HJA, 1992
Day N, 1995

De Koning H, 1995
De Waard F, 1988
Domingo L, 2012
Duffy S W, 2003
Duffy SW 2, 2006
Duffy SW, 2002
Duffy SW, 2010
Ellman R, 1993
Fracheboud J, 2007
Frisell J, 1991
Frisell J, 1997

Garcia Fernandez A, 2014
Garcia-Fernandez A,2015

Garne JR, 1997
Gastrin G, 1993

Contained data or patients duplicated in another study
Contained data or patients duplicated in another study
Study did not provide a direct estimation of BC mortality reduction due to screening.
Study did not provide a direct estimation of BC mortality reduction due to screening.
Study did not provide a direct estimation of BC mortality reduction due to screening.
Study did not provide a direct estimation of BC mortality reduction due to screening.
Contained data or patients duplicated in another study
Contained data or patients duplicated in another study
Contained data or patients duplicated in another study
Contained data or patients duplicated in another study

No control group, all screening

The study does not reports the number of events and the total number of the participants

Study did not provide a direct estimation of BC mortality reduction due to screening.
Study did not provide a direct estimation of BC mortality reduction due to screening.
Contained data or patients duplicated in another study

Contained data or patients duplicated in another study

Study did not provide a direct estimation of BC mortality reduction due to screening.
Contained data or patients duplicated in another study

Contained data or patients duplicated in another study

Contained data or patients duplicated in another study

No control group, all screening

Follow up not long enough

Contained data or patients duplicated in another study

Study did not provide a direct estimation of BC mortality reduction due to screening.
Contained data or patients duplicated in another study

Contained data or patients duplicated in another study

Contained data or patients duplicated in another study

Study did not provide a direct estimation of BC mortality reduction due to screening.
Contained data or patients duplicated in another study

Study did not provide a direct estimation of BC mortality reduction due to screening.
Contained data or patients duplicated in another study

Contained data or patients duplicated in another study

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

No mammaography but BSE
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Gastrin G, 1994
Gorini G, 2004
Hakama M, 1999
Hanley, 2017
Kalager M, 2009
Kalager M, 2012
Kalager M, 2014
Kauhava L, 2006
Kolozsvéri LR, 2013
Larsson LG, 1996
Larsson LG, 1997
Lenner B, 1997
Lind H, 2010
Méaijek O, 2010
Majek O, 2011
McCann, 1999
McCann, 1999
Minelli L, 2007
Moss S M, 1992
Moss S M, 2006
Mukhtar T K, 2013
Nystrom L, 2002
Nystrém, 2017
Olsen AH, 2005
Olsson A. 2011
Ondrusova M, 2012
Otten JDM, 2008
Paap E, 2010

Paci E, 2002 a
Paci E, 2007

Paci E, 2008

Paci, 2011
Parvinen I, 2011
Pons-Vigués, M, 2008
Roberts M M, 1990
Sarkeala T, 2008
Sarkeala T, 2014
Sasieni P, 2003

No mammography but BSE

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

No control group, all screening

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

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

Non-original data (meta-analysis)

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

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

Contained data or patients duplicated in another study
Contained data or patients duplicated in another study

Follow up not long enough

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

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

Non-original data (meta-analysis/report)

Non-original data (meta-analysis/report)

No numbers of screening population

Contained data or patients duplicated in another study
Contained data or patients duplicated in another study
No numbers of screening population

Duplicates numbers from original studies.

Contained data or patients duplicated in another study

Contained data or patients duplicated in another study

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

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

Contained data or patients duplicated in another study
Contained data or patients duplicated in another study

Contained data or patients duplicated in another study

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

Contained data or patients duplicated in another study

No control group, all screening

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

Contained data or patients duplicated in another study

Control group was modelled.

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

Study did not provide a direct estimation of BC mortality reduction due to screening.
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Appendix 3. Continued

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

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

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

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

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

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

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

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

Tabér 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.
Toérnberg 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)

Warnberg F, 1999 Study did not provide a direct estimation of BC mortality reduction due to screening.
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CHAPTER 2

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

- Incomplete
Random Allocation Blinding of outcome Selective
sequence outcome : )
- concealment data reporting Final
generation . Assessment - .
. (selection ) Addressed (reporting judgment
(selection ) (detection - .
) bias) ) (attrition bias)
bias) bias) ]
bias)
Alexander FE, 1999 - ? ? + + High risk
Andersson |, 1988 + ? + ? + Low Risk
Andersson |, 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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CHAPTER 3

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 lll+ 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 '. 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 protocol?, 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) checklist?, the limitations of the reviews, and the limitations of the original studies (if
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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 identified 9,976 abstracts through our systematic search and 228 additional reviews through
anon-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.

c
e Records identified through Additional records identified
5 database searching through other sources*
ES (n=9976) (n= 228)
=
o
=
4 k.
—
Records after duplicates removed
(n=7257)
a5
iE
B
@
Records screened Records excluded
_— [n= 7257) (n=7007)
z l Full-text articles excluded,
= with reasons
:g! Full-texts assessed for (n=192):
[ eligibility Mo full-text -1
{n =250} Not BCS - 3
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Figure 1. Prisma Flow Diagram
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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 years®
33.46 were and remain inconsistent (Figure 3c, Appendix 4)% 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 mortality'® 2. Seven reviews assumed that
mammography screening has a higher benefit for women older than 50 years and a lower benefit
for younger women'1-13.20.28.38.48 ' hacause of the lower test sensitivity of mammography due to
higher breast density 12 32° 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 uncertain''. In the high-quality review by Nelson et
al. (2016)', the reduction in risk of advanced stage Il+ or stage lll+ 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 years' ®, 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 decades®.

Although FPR with a single examination was higher for older women ' 2, the cumulative
FPR was higher among women who initiated screening early (mainly <50 years)' %4, The
reviews focusing on women younger than 50 years reported cumulative FPR of 20-56%'* %
% The probability of receiving a certain diagnostic method was age-dependent: women aged
40-49 years experience the highest rate of additional imaging'?, and therefore may face higher
radiation-related harms, whereas their rate of false-positive biopsies is lower than that of older
women 2,

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)'2 1416.46 (Appendix 5), and
is higher with earlier initiation of screening!?.

Similarly to the reviews on younger populations, systematic reviews report inconsistent BCM
reduction among women older than 69 years (Figure 3d, Appendix 4)8 1. 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 years'" '2. Regular mammography has been associated with
smaller and earlier-stage tumours among women older than 74 years, which could also be
clinically insignificant®. 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 2 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)% 13 16.20, The range for sensitivity of
CBE is 28-36% in the community '® and 47-69% in RCTs in all except one review'? 192046 The
sensitivity of CBE was improved by spending more time on examination and by using a thorough
technique™. The specificity of CBE was above 88% in all the reviews™ 2046, Compared with no
screening, CBE was associated with a higher rate of false-positive biopsies '* % and FPR ° 2,
No solid evidence was identified on an impact of CBE on life expectancy and overdiagnosis °.

Five reviews report no solid evidence on benefits of CBE combined with screening
mammography versus mammography alone® 1" 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%'°. Limited data were available on
harms of CBE added to mammography, with higher FPR and recall rates reported" '2. 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)? 133146 gll-cause mortality', or number of cancers detected ' (Appendix 8). The
sensitivity of BSE was 20-41% in a real-world setting versus 40-89% on silicone models '* 7.,
The specificity of BSE on silicone models was 66-81%'" . The reviews included reported harms
related to FPR, including false-positive biopsies 121331,
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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
conflicts 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 significantly predicted AMSTAR score of the reviews. The results of the regression
indicated that all four factors explained 22% of the variance (R?=.22, F(6,45) = 2.09, p =.07) with
funding and target country being not significant factors. The year of publication (3 = .12, P<.05)
and type of evidence included (§ = -.82, P<.05) explained 16% of variance (R?=.16, F(2,49) =
4.61, p =.01) with model being a better-fit than the univariate analyses.

Conflict of interest WA A A /s s s s s d s s o s o s s g o o o A o o
Publication bias N0 /A0 A L d S SN A AT VA A A
Combining results I/
Quality conclusions — IEGEG—_—_— A,

Quality assessed KNG S S,
Studies description I
Included / excluded N0 A A S

Grey literature KNG oS LTS L d S o 7
Search N o o s A S

Study selection NKNG_—_G /A

‘A priori' design NGRS s

0% 20% 40% 60% 80% 100%
m Ranked as "Yes" » Ranked as "No" Ranked as "Can'ttell /NA"

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

The results of uni- and multi- variate regressions did not identify significance of such factors as
AMSTAR score, date of publication, funding, using qualitative or meta-synthesis, or reporting
benefits, 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
lll+ breast cancer. BCM increases with progressing tumour stage®, 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 cancers®.
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 worldwide®, 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-up®,
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 detected®. 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

Mammaography 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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CHAPTER 4

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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THE POTENTIAL OF BREAST CANCER SCREENING IN EUROPE

INTRODUCTION

Breast cancer is a major public health problemin Europe. Itis 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 2018'. Breast cancer is also the leading cause of
death in European women'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 disease®®.

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 years'®'”. 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
programme'”.

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
screening'®.

In order to know to which extent the European recommendations have been adopted, reports on
the implementation have been published in 2007 and 20172 . 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 cancer'® .

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 reports® or online databases (e.g. the Cancer Mortality Database of
the WHO?' or ECIS - European Cancer Information System?), 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)* 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 programme?® 2,
Mammaograms 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 screening’. 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 significantly. 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 detection'¢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 similar?*. Hofvind et al.
compared opportunistic breast cancer screening in Vermont (USA) with organised breast cancer
screening in Norway?. 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 screening®, 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 attendance®, equity?’, and cost-effectiveness® 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 desirable®. In line with
those guidelines, we do not actually propagate a screening coverage of 100% as this probably
conflicts with informed choice®. 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 mortality? 3' %2, For this study, we considered that high-quality case control
studies’ 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 bias® ' 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
McKee* 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
cancerscreeningoncancerspecificmortalitywhenbroughttoitsfull potentialbasedonthetotalextent
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 ofthe national estimates on screening uptake have neverbeen 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 interventions?® %
and removing barriers to effective breast cancer screening® .
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EXTENDING AGE RANGES IN BREAST CANCER SCREENING IN FOUR EUROPEAN COUNTRIES

INTRODUCTION

The main benefit of breast cancer screening is a reduction in breast cancer mortality through
early detection'®. However, screening also causes harm. Important harms associated with
breast cancer screening are overdiagnosis and false-positive results®.

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 years’. Therefore, most European countries
adopted biennial screening for breast cancer in this age range®®. 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 programme’.

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 benefits®. 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 cancer'2'%'6, 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) model'. 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 screening*
(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 !

45-49 54.3%? 85.0%2 75.5%2 59.6%°

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%? 73.0%2 70.1% 61.5%?
Stage-specific sensitivity of digital mammography DCIS 0.726 0.596° 0.865* 0.821
Stage-specific sensitivity of digital mammography T1a 0.785 0.811 0.553° 14
Stage-specific sensitivity of digital mammography T1b 0.656 0.761% 0.481° 0.717
Stage-specific sensitivity of digital mammography T1c 0.780° 0.946* 0.857 0.814
Stage-specific sensitivity of digital mammography T2+ 1 1 1 1
Referral rate by age®
< 50 0.040 0.030 0.030° 0.065*
> 50 0.034 0.028 0.023° 0.058*

' 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. ®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. ® 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 (ltaly) 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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CHAPTER 5

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).
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