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Abstract

Objectives: Mammography screening is generally accepted in women aged 50–69, but the balance between benefits and harms

remains controversial in other age groups. This study systematically reviews these effects to inform the European Breast

Cancer Guidelines.

Methods: We searched PubMed, EMBASE and Cochrane Library for randomised clinical trials (RCTs) or systematic reviews of

observational studies in the absence of RCTs comparing invitation to mammography screening to no invitation in women at

average breast cancer (BC) risk. We extracted data for mortality, BC stage, mastectomy rate, chemotherapy provision, over-

diagnosis and false-positive-related adverse effects. We performed a pooled analysis of relative risks, applying an inverse-

variance random-effects model for three age groups (<50, 50–69 and 70–74). GRADE (Grading of Recommendations

Assessment, Development and Evaluation) was used to assess the certainty of evidence.

Results: We identified 10 RCTs including 616,641 women aged 38–75. Mammography reduced BC mortality in women aged

50–69 (relative risk (RR) 0.77, 95%CI (confidence interval) 0.66–0.90, high certainty) and 70–74 (RR 0.77, 95%CI 0.54–1.09, high

certainty), with smaller reductions in under 50s (RR 0.88, 95%CI 0.76–1.02, moderate certainty). Mammography reduced stage

IIAþ in women 50–69 (RR 0.80, 95%CI 0.64–1.00, very low certainty) but resulted in an overdiagnosis probability of 23% (95%CI

18–27%) and 17% (95%CI 15–20%) in under 50s and 50–69, respectively (moderate certainty). Mammography was associated

with 2.9% increased risk of invasive procedures with benign outcomes (low certainty).

Conclusions: For women 50–69, high certainty evidence that mammography screening reduces BC mortality risk would

support policymakers formulating strong recommendations. In other age groups, where the net balance of effects is less clear,

conditional recommendations will be more likely, together with shared decision-making.
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Introduction

Breast cancer (BC) is the second most common malignan-
cy in the world.1 In the European Union, 404,920 women
were diagnosed with BC and 98,755 died during 2018.2

Over the last 20 years, BC mortality has decreased due to
improvements in treatment, services delivery and imple-
mentation of population screening. However, the role of
population screening has been under debate over the last
three decades due to conflicting systematic reviews and
recommendations.3,4

Randomised clinical trials (RCTs) carried out during
the 1970s and 1980s showed that mammography screening
is associated with a reduction in BC mortality.5 However,
screening a healthy population is also associated with
undesirable effects such as recalling women with a false-
positive result for additional imaging.6 Overdiagnosis (BC
cases that would not have clinically surfaced in the absence
of screening) is another downside of screening, and its
magnitude is controversial.7

Numerous organisations have issued screening recom-
mendations. The WHO recommended in favour of screen-
ing starting at 40 years of age in well-resourced settings.8

The Canadian Task Force recommended screening only in
women over 50, due to the risk of overdiagnosis and
unnecessary biopsies in younger women.9 The American
Cancer Society, including evidence from RCTs and obser-
vational and modelling studies, recommended initiating
annual screening at 45.10

In 2015, the (ECIBC) was launched to develop the
European Guidelines on Breast Cancer Screening and
Diagnosis. This systematic review informed the recom-
mendations about mammography screening for early
detection of BC in asymptomatic women at average risk.
During the guideline development,11 the Guidelines
Development Group (GDG) made detailed considerations
on the evidence of effects as well as values and preferences,

equity, acceptability and feasibility. Readers are welcome
to refer to these considerations in the published recom-

mendations and on the ECIBC website (https://health
care-quality.jrc.ec.europa.eu/european-breast-cancer-

guidelines/screening-ages-and-frequencies).12,13

Methods

Structured question and outcome prioritisation

The clinical question prioritised by the GDG, ‘Which is
the optimal age range in which to carry out screening for

breast cancer?’, followed the Population, Intervention,
Comparison and Outcomes format (Box 1). Three sub-

populations were pre-defined: women under 50, 50–69
and 70–74 years old at the moment of invitation to

screening.
During the development of the recommendations,11 the

GDG decided to split the sub-group of women under 50
into two sub-groups: 40–44 and 45–49. The outcomes were

prioritised by the GDG using a 1–9 scale as suggested by
the GRADE (Grading of Recommendations Assessment,

Development and Evaluation) approach.14

Data sources and searches

We searched MEDLINE (April 2016), EMBASE (April
2016) and CENTRAL (March 2016) databases using

pre-defined algorithms for both systematic reviews and
individual studies. We adapted the search terms to each

database (see Supplemental material 1). We also reviewed
lists of references of the included studies, and members of

the GDG were consulted about potentially missing studies.
During June 2018, we performed a new search in

MEDLINE as part of the ECIBC’s guideline updating
process. The results were assessed by the GDG and, as

no relevant studies were identified that could potentially

Box 1 Structured clinical question.

Population Intervention Comparison Outcomes

Women who are at

average risk of

breast cancer:

� Under 50 y

� 50–69 y

� 70–74 y

Invitation to mam-

mography

screening

No invitation to

mammography

screening

Critical

� Breast cancer mortality

� Overdiagnosis

Important

� Stage of breast cancer

� Other cause mortality

� Rate of mastectomies

� Provision of chemotherapy: provision of either adjuvant,

neoadjuvant or both

� Psychological effects: include anxiety caused or relieved by

screening, anxiety caused by assessment of suspicious

screening findings, longer length of life qualified by longer

periods of life spent with a diagnosis of breast cancer,

treatment side effects including psychosocial effects of body

image following surgery

� False positive related adverse effects: psychological distress

� False positive related adverse effects: biopsies and surgeries
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change the recommendations, they decided to not update
the review. In November 2019, the GDG met and consid-
ered that, to the best of their knowledge, there were no
relevant new publications.

Study selection

We included RCTs of women at average risk of BC (with-
out family history of BC or inherited changes of BRCA1
and BRCA2 genes), comparing invitation to mammogra-
phy screening versus no invitation. If no RCTs were iden-
tified, we included systematic reviews of observational
studies. For overdiagnosis, we included only trials in
which, after completing the study phase, neither women
in the control nor the intervention group were offered
mammography screening. We excluded studies conducted
outside the context of screening programmes or not pub-
lished in English.

Initially, at the title and abstract level, two reviewers
after calibration assessed the eligibility of the references
retrieved. Two reviewers independently reviewed the full
text of the selected references. Discrepancies were solved
either by consensus or with the help of a third reviewer.

Data extraction and risk of bias assessment

Details of the study design, population, follow-up and
results were extracted by one reviewer and confirmed by
a second reviewer. If needed, we requested additional
data from authors of the included studies. We assessed
the risk of bias (RoB) of RCTs using the Cochrane RoB
Assessment tool15, and systematic reviews with the
AMSTAR (A Measurement Tool to Assess Systematic
Reviews) checklist (see Supplemental material 2).16

Data analysis

To estimate the effect of mammography screening on BC
mortality, we used two methods. The ‘short case accrual’
method includes only BC deaths among BC cases diag-
nosed during the screening intervention phase.17,18 The
‘long case accrual’ method considers all BC deaths irre-
spective of the date of diagnosis, accrual time being equiv-
alent to the follow-up of the study.17,18

We estimated overdiagnosis as the difference in the
cumulative number of BC in the groups invited and not
invited to screening, expressed: (a) as a percentage of the
number of cancers in the screening group (population per-
spective) or (b) as a percentage of the cancers diagnosed
during the screening phase of the trial in the invited to
screening group (individual perspective). We pooled data
as relative risks (RR) using a random-effects model
(Review Manager v5.3). We assessed the presence of
heterogeneity among studies using the Cochrane chi-
square test and the I2 statistic. Additionally, we provided
subgroup analysis based on the risk of bias assessment
and a post-hoc sensitivity analysis excluding RCTs with
a substantial concern for breaking the concealment at
randomisation.

To estimate risk differences, we used the baseline risk

from the control arms of the RCTs; we also provide esti-

mates using baseline risks proposed by the GDG members

considering European population surveillance data. All

results are expressed as by 100,000 women invited to mam-

mography screening.

Certainty of the evidence

We rated the certainty of the evidence for each outcome

taking into consideration the standard GRADE

domains,19,20 described in the evidence profiles (see

Supplemental material 4).

Results

Search results

From 2393 unique citations, we selected 57 to be appraised

as full text. At this stage, we excluded seven reviews, and

13 observational studies of mammography screening

reporting outcomes available from RCTs. Additionally,

we excluded the Edinburgh trial because of important

baseline differences between the screening and control

groups, suggesting suboptimal randomisation (see

Supplemental material 5).21,22

We included 30 publications from nine RCTs: the Health

Insurance Plan (HIP) of Greater New York trial,5,23–26 the

Canadian Breast Cancer Screening Study (CNBSS-1 and

CNBSS-2),27–32 the United Kingdom Age trial,33–35 the

Stockholm trial,36–38 the Malm€o Mammographic Screening

Trial (MMST I and MMST II),39–41 the G€oteborg trial,42,43

the Swedish Two-County trial (€Osterg€otland and

Kopparberg counties),44–49 one publication that reported

results for the five Swedish mammography trials,18 and

updated results of the UK Age Trial50 and the G€oteborg
Trial (Table 1).51 We also obtained additional age-stratified

results for BC mortality from the authors of the CNBSS trial.
Four systematic reviews of observational studies fulfilled

the eligibility criteria (Figure 1).52–55 Brett et al.53 assessed

the adverse psychological impact of mammography screen-

ing in the general population. Salz et al.55 examined the

effects of false-positive mammogram results. Bond et al.52

evaluated the psychological effects of false-positive screen-

ing mammograms in the UK, and one review assessed the

cumulative risk of false-positive results leading to an inva-

sive procedure (needle biopsy or surgery).54

BC mortality

Eight trials included 348,478 women less than

50,24,26,28,29,36,37,39,40,43,50,51 six trials 249,930 women aged

50–69,18,23,24,26,27,29,36,37,43,47,48,51 and two trials 18,233

women aged 70–74.18,39,40,47,48 The trial time ranged

from 3.5 to 18.8 years, the median short case accrual

follow-up time from 9.1 to 24 years, and the median long

case accrual follow-up time from 13 to 21.9 years, depend-

ing on the age strata (Table 1).
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In women under 50, invitation to mammography
screening probably reduces the risk of BC mortality (RR
0.88; 95% CI (confidence interval) 0.76–1.02; I2¼ 20%;
short case accrual) (moderate certainty).18,24,26,28,50,51

Comparable results were obtained using a long case accru-
al follow-up time (RR 0.92; 95%CI 0.83–1.02;
I2¼ 6%)18,24,28,43,45,50,51 (Figure 2). In women aged
between 50 and 69, mammography screening reduced the
risk both for short (RR 0.77; 95%CI 0.66–0.90;
I2¼ 49%)18,24,26,27,47,51 and long case accrual
time18,24,27,43,45,51 (high certainty) (Figure 3). For women
aged 70–74, the Malm€o I reported short case accrual
follow-up and the Swedish Two-County reported long
accrual follow-up time; mammography screening reduced
the risk of BC mortality (RR 0.77; 95%CI 0.54–1.09;
I2¼ 0%)18,47 (high certainty) (Figure 4).

The risk difference in BC mortality for women aged 50–
69 was 138 fewer deaths per 100,000 women invited to
screening (95%CI 204 fewer to 60 fewer) using short accrual
follow time, and 175 fewer deaths per 100,000 women

invited to screening (95%CI 251 fewer to 91 fewer) using
long accrual time (Table 2). Sensitivity analysis including
only RCTs at low RoB yielded similar results.

Other cause mortality

In women under 50, mammography screening may make
no difference to other-cause mortality, but the evidence is
uncertain (RR 1.04; 95%CI 0.95 to 1.15; I2¼ 62%) (very
low certainty).18,28,42,44,50 Two trials were included in the
50–69 group27,44 and one trial in the 70–74 group;44 in
these age strata, mammography screening may also
result in no difference (Table 2) (low certainty)
(Supplemental material 3: Figures S5, S8 and S9).

Advanced BC

We defined advanced stage as either stage II or greater,
tumour size 520mm or 51 positive lymph node, which is
consistent with stage IIA disease or higher. Additionally,
we used a second definition of advanced disease as

2393 records iden�fied from databases

2336 records excluded a�er 

�tle/abstract screening

23 full-text ar�cles excluded

Reasons:

7 Reviews of mammography 

including outcomes available 

from RCTs

2 studies covering different 

popula�on or imaging 

modali�es

1 RCT with subop�mal 

randomisa�on g

13 observa�onal studies

30 publica�ons from 9 individual RCTs

&

4 systema�c reviews of observa�onal studies

57 records assessed for eligibility

Figure 1. PRISMA flowchart.
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regional or metastatic or tumour size 5 40mm, equivalent

to stage III or higher.
Using the stage IIA or higher definition, in women

under 50, mammography screening may reduce the risk

of advanced disease, but the evidence is uncertain (RR

0.88; 95%CI 0.78 to 0.99; I2¼ 0%) (very low

certainty).23,24,28,34,43,45,50,51 In women aged 50–69, the

effect size was similar (RR 0.80; 95%CI 0.64–1.00,

I2¼ 70%) (very low certainty).23,24,27,43,45,51 One trial

including older women (aged 50–74) showed that mam-

mography screening may reduce the risk of advanced dis-

ease (RR 0.64; 95%CI 0.55–0.73),45 equivalent to 385

fewer cases (95%CI 482 fewer to 289 fewer) (Table 2)

(low certainty) (Supplemental material 3: Figures S1 and

S6).
Using the stage III or higher definition, in women under

50, screening may make little difference to the risk of

advanced disease (RR 0.98; 95%CI: 0.74–1.29; I2¼ 0%)

(low certainty).23,24,28,34,45,50 In women aged between 50

and 69, mammography screening may reduce the risk of

advanced disease (RR 0.62, 95%CI 0.48–0.80;

I2¼ 0%),23,24,27,45 which is equivalent to 65 fewer cases

of advanced BC (low certainty). In women aged 50–74,

mammography screening may reduce the risk of advanced

Figure 2. Effect on breast cancer mortality of mammography screening (women under 50 years of age): (a) short case accrual, mean follow
up across studies 16.8 years; (b) longest case accrual, mean follow-up across studies 15.2 years. Risk of bias legend: (A) Random sequence
generation, (B) allocation concealment, (C) blinding of participants and personnel, (D) blinding of outcome assessment, (E) incomplete
outcome data and (F) selective reporting, (G) other bias.
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disease (RR 0.63, 95%CI 0.45–0.89),45 equivalent to 63

fewer cases (95%CI 94 fewer to 19 fewer) (Table 2) (low

certainty) (Supplemental material 3: Figures S2 and S7).

Overdiagnosis

We identified three trials, the CNBSS-1, the CNBSS-2 and

a subgroup of women aged 55–69 from the Malmo-I trial

(women aged 45–54 received screening at the end of the

study). In women aged 40–49, the estimates of overdiag-

nosis were 12.4% (95%CI 9.9–14.9) from a population

perspective and 22.7% (95%CI: 18.4–27.0) from an indi-

vidual perspective (moderate certainty).28,29 In women

aged between 50 and 69, we estimated a pooled overdiag-

nosis of 10.1% (95%CI: 8.6–11.6; I2¼ 0%) from a popu-

lation perspective and 17.3% (95%CI: 14.7–20.0;

I2¼ 10%) from an individual perspective (Table 3) (mod-

erate certainty).27,29,40

Rate of mastectomies

Across all age groups, women invited to screening may

undergo more mastectomies (RR 1.20, 95%CI 1.11–1.30;

I2¼ 0%, 180 more in absolute terms) (low certainty)

(Supplemental material 3: Figure S3).18,31,39,46

Provision of chemotherapy

Across all age groups, the evidence was uncertain with an

RR of 0.86 (95%CI 0.53–1.40; I2 71%)18,39,46 (Table 3)

(very low certainty) (Supplemental material 3: Figure S4).

Figure 3. Effect on breast cancer mortality of mammography screening (women aged 50–69): (a) short case accrual, mean follow-up across
studies 17.6 years; (b) longest case accrual, mean follow-up across studies 15.5 years. Risk of bias legend: (A) random sequence generation, (B)
allocation concealment, (C) blinding of participants and personnel, (D) blinding of outcome assessment, (E) incomplete outcome data, (F)
selective reporting and (G) other bias.
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Psychological effects

Uncertain evidence showed that mammographic screening

may not produce anxiety in women given a clear result

after a mammogram.53 However, those requiring further
investigations may experience significant anxiety, in the

short and long term, depending on the extent of the addi-

tional exams (Table 3) (very low certainty).53

False-positive-related psychological distress

One review, including 17 studies, suggested an increase in

the scores of disease-specific BC measures of psychological

distress with false-positive results, being largest for anxiety

about BC (r¼ 0.22; 95%CI: 0.18–0.27) and smallest for
fear (r¼ 0.08; 95%CI: 0.03–0.14) (low certainty).55 In con-

trast, when using non-specific measures, the only sug-

gested effect was a higher risk of generalised anxiety

(r¼ 0.03; 95%CI: 0.00–0.07) (low certainty).55

Another review included four studies evaluating psy-

chological impact;52 false-positive mammograms may be

associated with negative psychological consequences when
assessed using disease-specific measures (e.g. BC anxiety).

Additionally, the risk of negative effects may be greater if

a biopsy is required (RR 2.07; 95%CI 1.22–3.52) than if

only further mammography is needed (RR 1.28; 95%CI
0.82–2.00) (low certainty).52

False-positive-related procedures

One systematic review included four primary studies and

an analysis of performance parameters from 20 screening
programmes (low certainty).54 One Norwegian study

reported a cumulative risk of undergoing fine needle aspi-

ration cytology, core needle biopsy (CNB) and having a

surgical intervention with a benign outcome of 3.9%,

1.5% and 0.9%, respectively.56 The largest study, from a
Spanish screening programme, reported an estimated

cumulative risk of 1.8% for undergoing an invasive pro-

cedure with a benign outcome.57

RoB and certainty of the evidence

Our main concerns for BC mortality were: (1) the use of

suboptimal random allocation methods, such as the date

of birth to allocate women to each study arm in the
Stockholm and Gothenburg trials;36,42 (2) in the CNBSS

trials, participants underwent clinical breast examination

before randomisation, and this information was available

to the personnel in charge of allocation.27,28 However, no
single trial drove the overall results in the subgroup anal-

ysis of low versus high RoB (Tables 2 and 3). This was

corroborated in a post-hoc sensitivity analysis, where we
explored the impact of excluding the CNBSS trials, which

resulted in a non-meaningful change in the point estimates

for the outcome breast cancer mortality (i.e. for women

under 50, RR 0.84; 95%CI 0.73–0.98, for short case accru-
al) (Supplemental material 3: Figures S10 and S11).

For overdiagnosis, in the CNBSS trials, there was

potential bias due to screening after the trial ended, as
screening programmes were subsequently implemented

under different province jurisdictions with an increased

likelihood of attendance of women who had been screened
during the trials.29,40 Also, the overdiagnosis results were

simple cumulative incidence differences with no adjust-

ment for lead time and, therefore, might be overestimated.
Other relevant limitations were related to indirectness,

due to difference in quality control of screening and

improvement of care over the last two decades, but given

Figure 4. Effect on breast cancer mortality of mammography screening (women 70 years of age or older). Malm€o I and Swedish two-county
reported short case accrual estimate, follow-up across studies 9.5 years.
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the consistency with more recent observational studies (see
Discussion section), the GDG did not consider downgrad-
ing the evidence for this reason.

Discussion

Main findings

Our review shows that there is high certainty evidence that
mammography screening reduces the risk of BC mortality
in women between the ages of 50 and 69, with the number
of deaths averted ranging from 138 fewer to 483 fewer per
100,000 women invited to screening, depending on the
baseline risk assumed (from 0.6 to 2.1%). For other age
groups, the evidence is not conclusive. Consistently,
women invited to screening across all age groups showed
a lower risk of advanced stages of BC.

There is moderate certainty that screening is associated
with an increase in undesirable effects. Especially important
was overdiagnosis, regardless of the calculation method,
which was larger from an individual perspective in the youn-
ger age groups compared to older groups.7 Mammography
screening did not appear to produce significant negative psy-
chological effects as long as the results were clearly commu-
nicated, while false-positive results, especially when further
assessment is required, increased the number of invasive
procedures and psychological distress.

Our results in the context of previous research

Consistent with our analysis, observational studies suggest
a reduction of BC mortality after screening implementa-
tion. A systematic review of time trend studies estimated a
BC mortality reduction from 1 to 9% per year and from 28
to 36% in studies comparing post- and pre-screening peri-
ods.3 A pooled analysis of seven incidence-based mortality
(IBM) studies from European countries showed a mortal-
ity reduction of 25% among invited women and 38%
among those actually screened.3 Another review which
classified studies according to the quality of the methods
used to estimate the expected mortality in absence of
screening found an IBM risk reduction of 26% in
women invited for screening from studies with robust
approaches.58

Our results suggest that screened women are diagnosed
with less advanced disease. Observational evidence shows
earlier BC staging at diagnosis in women who had received
mammography screening. One Canadian registry-based
study showed that screening attendees were more likely
to have in-situ disease alone, and in those with invasive
cancer, a lower proportion of grade III histology.59

Furthermore, two studies using the SEER-Medicare data-
base showed that extending mammography screening to
elderly women decreased advanced stage at diagnosis.60,61

The interpretation of BC stage results from RCTs is
precluded by stage migration bias due to the introduction
of sentinel lymph node dissection62 and by modifications
in coding and classification practices.63 Consequently,

ecological studies have yielded conflicting results; for
example, the incidence of BC stages II–IV has been
reported to remain unchanged since the introduction of
screening in the Netherlands.64 To overcome these limita-
tions, a systematic review suggested to use the primary
tumour size as the most direct link to radiological detec-
tion;65 their findings from observational studies suggested

a reduction in BC advanced stages after the introduction
of screening.65

We observed an increased risk of mastectomies, which
has not been consistently described in population studies.

One Canadian study found that mastectomies were less
frequently performed in screening attendees,59 while
women diagnosed in a New Zealand screening programme
were more likely to undergo conservative surgery;66 similar
results were observed in women aged 40–49 from the US.67

One Norwegian study reported that mammography
screening was associated with an increase in mastectomy
rates, which later declined, likely explained by changes in

recommended surgical approaches.68 It is noteworthy that
a recent systematic review found that adherence to guide-
line recommendations on breast-conserving surgery is
highly variable (35–95%).69 Thus, the increase in mastec-
tomies among RCTs may partly be due to lead time bias,
the progress in BC care, or variation in clinical practice.

Our estimates on chemotherapy are limited by changes
in clinical practices, but recent observational studies sug-
gest similar results. One study using Italian population
cancer registries, from 2009 to 2013, observed that the
neo-adjuvant therapy indication was lower in provinces

where a screening programme had been present for
many years.70 Another study that identified women aged
40–79 with incident BC from the British Columbia Cancer
Registry (Canada) found that chemotherapy use was
lower among regular screening participants after adjust-
ment for age.71

Our overdiagnosis estimates were in the range described
in the literature for European screening programmes,
which have been roughly estimated to range from 0 to
54% using unadjusted data and from 1 to 10% after
adjustment for BC risk and lead time.72 However, a pro-
portion of the excess of incidence from the CNBSS trials

occurred years after screening ceased in the intervention
arm24 and should not be considered as overdiagnosis.
Overall, the certainty of the evidence of overdiagnosis
was moderate, due to potential RoB, as women in the
control group of the CNBSS trial might have received
opportunistic or programmatic mammography screening
at the end of the trial period.

There is no consensus about the method to estimate
overdiagnosis. Most common approaches assess the differ-
ence in cancer incidence in the presence and absence of
screening or make inferences about the lead time of
BC.73 One study observed that a long follow-up time is

needed to account for lead time, as the excess of cumula-
tive BC incidence will fall below 10% after a follow-up of
25 years in a simulated population.74 Another study,
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applying a micro-simulation model to the Netherlands

population, found that estimations made in earlier

phases of the screening programme may overestimate

overdiagnosis by a factor of 4, underlining the relevance

of allowing an appropriate follow-up time to obtain reli-

able estimates.75

There are discrepancies among previous systematic

reviews on the assessment of RoB.4,76 In particular, a

Cochrane review considered that only the CNBSS,

Malmo and UK Age trials were at low RoB, showing a

non-significant effect of mammography screening on BC

mortality from those trials.4 We considered the CNBSS

trial as high RoB due to allocation of women by using

open lists, and the inclusion of a clinical examination

before randomisation which could have led to differential

assignment;27,28 thus, only two RCTs were at low RoB

with similar BC mortality effects when compared to the

remaining studies. Consequently, in the 50–69 years strata,

we did not downgrade our certainty for RoB due to the

similarity in effect estimates across studies.
Some authors have proposed all-cause mortality as a

better estimate of screening impact. This measure would

be less prone to ascertainment bias of the cause of death,

an issue described in the Swedish trials with higher all-

cause mortality in the control group. However, authors

of the Swedish trials4,77 reported no significant increased

rate of death from other causes after appropriate adjust-

ments for age distribution and lead time bias were imple-

mented.18,47 Moreover, all-cause mortality would be an

inefficient measure given the unfeasibly large sample size

required to detect differences between groups.47 We com-

plemented our estimation of mortality impact with the

results for other-cause mortality which suggested no dif-

ference between women invited or not to screening.
Balancing potential benefits and overdiagnosis, we esti-

mate for 100,000 women invited to screening from age 50

to 69, at least 138 BC deaths would be avoided and 3240

BC would be diagnosed (2.7 per 1000 annual rate-

� 20 years� 0.6 mammography adherence) of which 550

(17%, individual perspective) could be overdiagnosed.

Thus, for each BC death avoided, approximately four

overdiagnosed cases will be managed. This estimate is in

the range of previous systematic assessments of screen-

ing.78 However, the potential bias in the overdiagnosis

estimates means that this figure remains tentative.

Limitations and strengths

Our systematic review has some limitations, as no RCTs

have sufficient statistical power to assess the benefit of

screening on BC mortality according to age subgroups.

Additionally, we included only English language articles;

however, the risk of selection bias is probably small

because we screened previous systematic reviews, and the

GDG includes several international experts, making the

possibility of missing studies unlikely. Although our orig-

inal search was conducted up to April 2016, we conducted

a new search in June 2018, and after looking at the results,
the GDG decided not to update the systematic review.

Our review also has strengths: we used rigorous meth-
ods including the GRADE approach to rate the certainty
of the evidence and included the longest follow-up data
available from the RCTs and systematic reviews of obser-
vational studies. In contrast to previous systematic
reviews, the consideration of contextual evidence allowed
us to rate the certainty of evidence for BC mortality as
high for women aged 50–69 and 70–74 and moderate for
women aged 45–49. We also provided results stratified by
age groups of interest for women, clinicians and
policymakers.

Conclusions

Our findings have different implications depending on the
stakeholder group. Guideline panellists (and policy makers)
are more likely to formulate strong recommendations in
women in the 50–69 age group than in other groups. In
women under 50 or over 69, where the balance is less clear,
conditional recommendations are more likely. Moreover,
panels may specify further subgroups among women below
50, where baseline risk changes rapidly and recommendations
could vary between the 40–44 and 45–49 age groups, as in the
ECIBCguidelines13 (https://ecibc.jrc.ec.europa.eu/recommen
dations/). Although informed decision-making should be rec-
ommended in all age groups, this will be especially important
in these age groups where the balance is less clear.

A number of research priorities were identified with
input from the GDG experts, which included: assessing
the impact of different screening intervals; the identifica-
tion of risk factors to stratify women who should start
screening earlier (or at shorter examination intervals,
such as women with dense breast tissue); better assessment
of the magnitude of overdiagnosis with an emphasis on
methods to estimate the actual impact across age groups;
and the use of new technologies for screening (i.e.
tomosynthesis).
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