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Objectives To assess the impact of population-based mammographic screening on breast cancer
mortality in Europe, considering different methodologies and limitations of the data.
Methods We conducted a systematic literature review of European trend studies (n ¼ 17), incidence-
based mortality (IBM) studies (n ¼ 20) and case-control (CC) studies (n ¼ 8). Estimates of the
reduction in breast cancer mortality for women invited versus not invited and/or for women
screened versus not screened were obtained. The results of IBM studies and CC studies were each
pooled using a random effects meta-analysis.
Results Twelve of the 17 trend studies quantified the impact of population-based screening on breast
cancer mortality. The estimated breast cancer mortality reductions ranged from 1% to 9% per year in
studies reporting an annual percentage change, and from 28% to 36% in those comparing post- and
prescreening periods. In the IBM studies, the pooled mortality reduction was 25% (relative risk [RR]
0.75, 95% confidence interval [CI] 0.69–0.81) among invited women and 38% (RR 0.62, 95%
CI 0.56–0.69) among those actually screened. The corresponding pooled estimates from the CC
studies were 31% (odds ratio [OR] 0.69, 95% CI 0.57–0.83), and 48% (OR 0.52, 95% CI
0.42–0.65) adjusted for self-selection.
Conclusions Valid observational designs are those where sufficient longitudinal individual data are
available, directly linking a woman’s screening history to her cause of death. From such studies, the
best ‘European’ estimate of breast cancer mortality reduction is 25–31% for women invited for
screening, and 38–48% for women actually screened. Much of the current controversy on breast
cancer screening is due to the use of inappropriate methodological approaches that are unable to
capture the true effect of mammographic screening.

INTRODUCTION

M
ammographic breast cancer screening has been the

subject of controversy, despite or perhaps due to

the fact that it is one of the most scrutinized

public health interventions. Randomized controlled trials

(RCTs), conducted in the 1970s and 1980s, have shown

that mammographic screening can reduce breast cancer

mortality by 25–30% after 7–12 years from entry in the

trials.1 Nevertheless, since 2000, concerns have been raised

about the validity of these trials because of supposed

‘flaws’ in randomization and ascertainment of cause of

death,2,3 although these issues have been addressed.4,5

More recently, observational studies reporting on the

impact of population-based screening programmes have

also been questioned.6,7 The debate that followed, in aca-

demic journals as well as the lay press, has not helped

women and their physicians to have a clear view of the

benefit of mammographic screening.8 Concern has also

been expressed that women are not fully informed

about the potential harms of screening, in particular,

possible over-diagnosis of cancers that might not have

been diagnosed clinically.9– 12

Many countries implemented population-based screen-

ing following the results of the RCTs.13 There are several

reasons why the effectiveness of population-based service

screening mammography may differ from that observed

in the RCTs, including the wider base of professionals

who are involved in screening and the improvement of

mammographic and other techniques since the trials

were conducted.14,15 In RCTs and in some observational

designs the effect of screening is measured by comparing

women invited with women not invited. This comparison

is influenced by the attendance rate and therefore reflects

the performance of the programme, rather than the

screening test itself. The effect estimate will be larger

when comparing breast cancer mortality in screened

women with that in non-screened women.16 Service

screening effectiveness will also be influenced by the

extent of opportunistic screening. Although data on

opportunistic screening are scarce, the increased use of

14
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mammography outside organized screening programmes

may contribute to a reduction in breast cancer mortality.17

The emphasis for evaluation has now shifted to

population-based screening services, and observational

studies will become the main contributors of new infor-

mation on the impact of breast cancer screening as a

public health policy. In this review, we focus on the

reduction in breast cancer mortality as the principal benefit

of screening, which is by definition a long-term commit-

ment. Several studies corroborate that well-designed obser-

vational studies produce results that are similar to those

from RCTs.18 There are, however, specific difficulties in

determining the impact of breast cancer screening.

A common first step in the evaluation of screening is

to study trends in breast cancer mortality over time.

However, the impact of service screening on breast cancer

mortality observed in routine population statistics will

take many years to emerge.19 Firstly, with improved treat-

ment, breast cancer survival is generally much higher

than in the past while breast cancer incidence has increased

in most countries. In combination, the number of deaths

in the short-term will be lower, but in the long-term the absol-

ute number of potentially preventable breast cancer deaths

has increased. Secondly, it usually takes a number of years be-

fore a screening programme is fully implemented. Thirdly,

most trend studies are not able to allow for breast cancers

diagnosed in women before the start of the screening pro-

gramme.20,21 Finally, when there is no individual data, no

corrections can be made for the varying participation

behaviour of women invited.22 Potential confounding,

where factors other than screening may also contribute to

changes in breast cancer mortality, also presents a compli-

cation. Therefore, service-based screening programmes

cannot be evaluated using only analyses of trends.

A further difficulty in determining the impact of screening

is the typical absence of a readily available control popu-

lation. Studies which were able to identify, albeit for a

limited time period, a group of contemporaneous controls

that were not (yet) invited for screening have mostly

used the incidence-based mortality (IBM) approach. IBM

studies estimate the impact of screening by calculating

mortality rates based on breast cancer deaths occurring in

women with breast cancer diagnosed after their first in-

vitation to screening.23 Using individual data in IBM

studies can overcome many of the problems that affect

trend analyses.

Case-control (CC), or case-referent, studies have also been

used to evaluate the impact of service screening.24– 29 A CC

study compares breast cancer deaths (cases) with a sample of

women who have not died from breast cancer, in terms of

individual screening exposure. There is an efficiency gain

in taking a sample of the population invited to be screened,

rather than observing the entire population.30 If correctly

designed and analysed, the CC approach offers a valid and

efficient method for estimating the impact of service screen-

ing programmes.25

Our objective is to assess the impact of population-

based screening with mammography on breast cancer

mortality in Europe. A best estimate for the effectiveness

of population-based screening in Europe will be provided,

acknowledging the different methodologies and the limit-

ations of the available data.

METHODS

A systematic search of PubMed was performed based on all

papers published up to February 2011 (details in the

Appendix A). We identified 5011 English-language articles

evaluating the effect of mammographic screening on breast

cancer mortality in Europe. After inspection of titles

and abstracts, 122 studies were considered to be relevant.

These were reviewed and further selected using the follow-

ing criteria: (a) the study represents original data on a

population-based screening programme in Europe, (b)

breast cancer mortality is reported, (c) the analysis includes

at least some of the age groups between 50 and 69, and

(d) one of the following observational research designs

was used: trend, IBM or CC study. In addition, we only

considered studies estimating the impact of current breast

cancer screening programmes, and therefore excluded

those which had less than three years’ overlap with the

relevant current regional or national population screening

programme. Based on these criteria, 83 studies were

excluded on the following grounds: data from RCTs

(n ¼ 17), outcome measure is not breast cancer mortality

(n ¼ 20), insufficient overlap with current population-based

programme (n ¼ 11), data limited to younger or older

women (n ¼ 9), study reporting no new data or no analysis

with regard to screening (n ¼ 15), modelling study (n ¼ 6),

full paper not in English (n ¼ 2), study on opportunistic

screening (n ¼ 2) and study on benign breast disease

(n ¼ 1).

In addition to the literature search, the Working Group

added publications fulfilling the inclusion criteria but not

identified by the search and new publications that became

available after February 2011 (n ¼ 5). Studies were sum-

marized according to the three designs (see Table 1): trend

studies21,31,41,44,46,48,52–56,64,67–71 IBM studies22,32–39,42,45,51,

53,57–59,60–63 and CC studies.15,40,43,47,49,50,65,66

Trend studies

Relevant papers were those that reported on trends in breast

cancer mortality rates in a population as a whole in relation

to the introduction and/or extent of population based mam-

mographic screening (n ¼ 17). They are described in detail

elsewhere in this supplement. These studies were usually

based on aggregated data obtained from routine sources,

such as cancer registries. Trend studies were either classified

into (a) descriptions of the trend over time in breast cancer

mortality in relation to the timing of the introduction of

population-based screening (n ¼ 5), or (b) those which

included a more detailed analysis with the aim of quantify-

ing the impact of screening on mortality (n ¼ 12). Methods

of analysis in the latter category included Poisson regression

(with or without age cohort modelling), and the use of join-

point regression to identify ‘break points’ at which changes

in mortality trends occurred (see Table 2). Due to the

varied methodology and comparisons in the studies, no

attempt was made to produce a pooled estimate of the

effect of screening.

IBM studies

In an IBM study all breast cancer deaths occurring in a

dynamic or cohort population over a period of time are

Population-based screening and breast cancer mortality 15
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enrolled in the study only if the breast cancer diagnosis

occurred in a certain time/age window (taking into

account eligibility and opportunity to be screened) and the

population is classified by screening or by invitation to

screening. Thus, for example, breast cancer deaths in the

15 years after screening is initiated in one region, from

tumours diagnosed in that 15-year period, may be compared

with the corresponding deaths from tumours diagnosed in

the same period in a region without screening. The selection

of IBM studies contributing to this overall review is described

in detail elsewhere in this supplement.23 There were 20 IBM

studies – one each from Denmark, Norway and Spain, two

from Italy, seven from Finland and eight from Sweden. A

key issue in these studies is how the breast cancer mortality

expected in the absence of screening is estimated. Another

methodological concern is how the study deals with potential

biases in the estimated mortality reduction due to screening.

Because breast cancer cases are diagnosed earlier in screened

women than in those who are not screened, a longer

follow-up period for breast cancer deaths than the accrual

period for cases will confer an artificial increase in mortality

in the screening period due to fatal cases whose diagnosis is

moved to the accrual period due to lead time. The same con-

sideration applies to age at diagnosis. If mortality includes

deaths from tumours diagnosed within a certain age range,

but with no upper limit on age at death, there will be a

number of fatal cancers diagnosed by screening within the

age range, which would otherwise have been excluded as

diagnosed symptomatically above the age range.23

Table 3 presents some basic characteristics of the IBM

studies. Where there was overlapping data, the study used

in this review was selected on the basis of follow-up time,

judgement of quality of the comparison group and study

size. We calculated a pooled estimate of the effect on

breast cancer mortality in women invited versus not

invited, as well as a pooled estimate for women screened

versus not screened, using the formula described by Duffy

et al.72 The effect sizes were pooled using the inverse var-

iance method (random effects model) and heterogeneity

between the studies was assessed.14,73

CC studies

A CC study is embedded in a cohort or a dynamic population

and based on sampling of the population experience. Breast

cancer deaths (cases) in the population are collected over

the period of interest and controls who have not died of

breast cancer are selected from the same population, often

closely matched by temporal factors. Breast cancer cases

and control subjects are then compared with respect to

screening history before the date of diagnosis of the breast

cancer case. The eight CC studies used in this review

(Table 4) came from a recently published methodological

overview, but we excluded non-European studies26 and

added publications by Broeders et al.,50 van Schoor et al.15

and Otto et al.47

The results were pooled to obtain estimates of the effect on

breast cancer mortality for women screened versus not

screened, based on the crude odds ratios (ORs) as well as

ORs adjusted for self-selection. In addition, intention to

treat estimates were calculated, using the formula described

by Duffy et al.,72 in order to compare the women invited

with those not invited. Because the studies by Broeders

et al. and van Schoor et al. were both conducted in

Nijmegen, with overlap in the included cases, the former

was excluded from the meta-analysis. The effect sizes were

pooled as above.14,73

Breast cancer mortality as an outcome measure

Breast cancer mortality is the most appropriate primary end-

point for evaluating screening, although its use has been

questioned.74,75 An outcome parameter which avoids pro-

blems with cause of death classification is (refined) excess

mortality from breast cancer, which includes all mortality

associated with breast cancer, even indirectly caused

deaths, such as treatment-induced mortality, or deaths

caused by the stress imposed by the cancer.76 However,

this method, so far, has only been used in Sweden.

Potential limitations of using breast cancer mortality as an

outcome measure are that there could be an increase in

deaths attributed to breast cancer because more breast

cancer cases are diagnosed in screened women, and the mis-

classification of breast cancer as the underlying cause of

death because the treating physician is influenced by the

screening history of the patient. Screening may also affect

mortality from other causes, for example, due to compli-

cations arising from procedures triggered by screening.75

However, several studies explicitly assessed the quality of

cause-of-death determination in relation to mammographic

screening and found no significant evidence of bias.77 –80

RESULTS

Trend studies

Of the 12 trend studies, three used joinpoint regression, and

nine Poisson regression (Table 2). Five papers were based on

all of an individual country (England, the Netherlands and

Spain), two studied the programme in the city of Florence

(Italy), two studied different regions in Spain and one

studied two regions of Denmark. One paper included

Northern Ireland, the Netherlands and Sweden in compari-

son with the Republic of Ireland, Belgium/Flanders and

Norway, respectively. The most recent paper studied nine

counties in Sweden.

Authors of several studies estimated the annual percen-

tage change in mortality, while others presented a compari-

son between two distinct time periods. Of the former,

estimates ranged from reductions of 1% to 9% per year;

for those studies with adequate follow-up (at least 10 years

from the date of full coverage by invitation) the estimates

were 1%, 2.3–2.8% and 9%.31,46,48,52 –55 Of the three

studies comparing time periods within a single country, all

had adequate follow-up, and the estimates of mortality

reduction compared with a prescreening period ranged

from 28% to 36%.41,53,64

IBM studies

Table 3 shows the design characteristics of the IBM studies.

The outcomes were generally compatible when differences
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in methodology and local circumstances were taken into

account. Details are given elsewhere in this supplement.23

Those with the strongest designs had (a) expected breast

cancer mortality estimated from a cohort of women not

yet invited39 or from historical and contemporaneous

control groups;32,36 and (b) an accrual period equal to the

follow-up period for breast cancer deaths.23 Using all IBM

studies, excluding overlapping data-sets, produced a pooled

relative risk (RR) estimate of 0.75 (95% confidence interval

[CI] 0.69–0.81) for invitation to screening, with no signifi-

cant heterogeneity (P ¼ 0.23). The combined RR for

women actually screened was 0.62 (95% CI 0.56–0.69),

again with no significant heterogeneity (P ¼ 0.40).

Figure 1 shows the forest plots.

CC studies

Of the eight CC studies included, one came from Iceland,

one from Italy, four from the Netherlands and two from

the UK (Table 4), but their designs were very similar.26

The definition of exposure to screening was based on a com-

parison of women ‘ever’ screened versus women ‘never’

screened in four studies. All Dutch studies adopted the

concept of the index invitation, defined as the invitation

date closest to the date of diagnosis of the case. The compari-

son in these studies was between women screened in an

exposure period which varied from one to three screening

examinations versus women not screened in this period.

All studies reported ORs adjusted for self-selection bias,

either using the correction factor estimated by Duffy

et al.72 or their own correction factor, all closer to 1 than

the Duffy factor. Based on the results in the original publi-

cations, we also calculated the reduction in breast cancer

mortality for women invited versus not invited.72

Seven CC studies were included in a pooled analysis (see

Methods). The combined unadjusted OR was 0.46 (95% CI

0.40–0.54), a significant 54% reduction in breast cancer

mortality for screened versus not screened women. This

became a 48% reduction after adjusting for self-selection

(OR 0.52, 95% CI 0.42–0.65). There was no evidence of

heterogeneity in either analysis (P ¼ 0.10 and 0.17, respect-

ively). The combined mortality reduction for invitation to

screening was 31% (OR 0.69, 95% CI 0.57–0.83), but

with significant heterogeneity (P ¼ 0.005). Figure 2 shows

the forest plots. The squares representing the point estimates

in the individual CC studies are proportional to the pre-

cisions of the log ORs. The order of these may vary when

adjusted for self-selection bias as after adjustment the

precision also depends on the standard error of the self-

selection correction. This in turn depends on the partici-

pation rate in each study.

DISCUSSION

Our overview indicates that the estimates from observational

studies, using different study designs, are consistent with a

Figure 2 Case-control studies excluding overlapping data: (a)
crude odds ratios for breast cancer mortality reduction in women
screened versus not screened; (b) crude odds ratios for breast
cancer mortality reduction, corrected for self-selection, in women
screened versus not screened; (c) crude odds ratios for breast
cancer mortality reduction translated to intention to treat estimates
for women invited versus not invited

Figure 1 Incidence-based mortality studies excluding overlapping
data: (a) estimates for breast cancer mortality reduction in women
invited versus not invited; (b) estimates for breast cancer mortality
reduction in women screened versus not screened. ITT ¼ intention to
treat; PP ¼ per protocol
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breast cancer mortality reduction of 25–31% for women in

Europe invited for population-based screening. The current

best estimate of the effectiveness of European screening pro-

grammes is therefore at least as large as that observed in the

long-term follow-up of the Swedish RCTs81 or more recent

meta-analyses.74,82

Given the methodological limitations inherent in ob-

servational studies, and the differences in designs, the simi-

larity in the effect estimates from trend, IBM and CC

studies is noteworthy. Using all IBM studies without over-

lapping data, the reduction in breast cancer mortality for

women invited was 25%. The corresponding intention to

treat estimate in the CC studies was 31%. The relative

reduction in breast cancer mortality for women who actually

participated in screening was 38% based on IBM studies

and 48% based on CC studies. Of the three trend studies

comparing time periods within a single country, all had ade-

quate follow-up, and the estimates of mortality reduction

compared with a prescreening period ranged from 28%

to 36%.

The choice of IBM studies to include in the case of over-

lapping data was not crucial to the estimated mortality

reduction, because pooling all studies, including those with

overlapping data, gave a mortality reduction of 24%, and

selection of three studies on the basis of both historical

and contemporaneous comparison groups gave a reduction

of 26%.23 The heterogeneity among studies of the intention

to treat estimate from the CC studies is likely to be due to dif-

fering uptake rates between studies, because there was no

significant heterogeneity when the effect of actually being

screened was assessed.

The study and analysis of population breast cancer mor-

tality rates can be a first step in evaluating the impact of

screening on mortality. However, such analyses should be

restricted to the age ranges likely to demonstrate a benefit

from screening; they should attempt to exclude time

periods where dilution due to deaths in women diagnosed

preinvitation will be evident; and they should attempt to

take account of past underlying trends. We do not support

the recommendation of Harris et al.83 to focus on a trend

or ecological approach.

The most valid observational designs are those where

longitudinal individual data are available, directly linking

screening history to the cause of death, achieved using

either an IBM or a CC approach. IBM studies and CC

studies have one major feature in common – they typically

take as clinical endpoint deaths from cancers which have

been diagnosed in the age range and time period in which

screening is offered. This avoids dilution bias associated

with deaths from breast cancers in a given period from

tumours diagnosed before that period began.62 The most

obvious difference between the two is that the CC study is

retrospective and the IBM study prospective.

In the CC study, data on deaths from the cancer in ques-

tion are collected along with that from subjects who have

not died of the disease, and screening histories retrieved

retrospectively. There are a number of well-known potential

biases associated with this design, some conservative and

some anticonservative.24,84 However, these can be mini-

mized by appropriate design or corrected for in the statistical

analysis.25,85 Some biases, such as residual confounding

after adjusting for age, tend to be very small.86

Typically in the IBM studies, rates of death from cancers

diagnosed in a population and period of invitation to screen-

ing are compared with the corresponding rates in a popu-

lation or period without such invitation.59 This too has

potential biases. There is likely to be confounding of some

variables between populations and periods if individual

data on invitation and screening are not available. For

example, if a before-after comparison of IBM is carried

out, the time cut-off will inevitably incur some misclassifi-

cation of exposure to invitation, because screening is

usually phased in over a period of years.86 In the CC

approach, individual screening histories are retrieved so

there is no misclassification of exposure.25

In principle, screening exposure can be ascertained for all

subjects in the population in the IBM approach, but this

involves retrieval of data on tens or even hundreds of thou-

sands of subjects, whereas the CC design typically involves

much smaller numbers.15 Therefore, the CC approach is a

more economic research strategy, even though it may involve

more complex design or analytic procedures. However,

if exposure to screening is ascertained for all study subjects

on an individual basis in both study designs, the

intention-to-treat estimate from CC studies should be

similar to that from the IBM studies, as indeed is observed

in this review.

CONCLUSION

After considering all published data from European studies,

the reduction in breast cancer mortality associated with

mammographic population-based service screening pro-

grammes is in the range of 25–31% for women invited for

screening and 38–48% for women actually screened with

sufficient follow-up time. It appears that much of the

current controversy surrounding the value of mammogra-

phy screening is due to the use of inappropriate methodo-

logical approaches that are unable to capture the true

effect of mammographic screening.
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APPENDIX A

Search Strategy

Evaluation of the effect of service screening programmes

with mammography on the breast cancer mortality in

Western Europe

SEARCH STRATEGY

We searched the National Library of Medicine PubMed with

the following search terms:

(1) ‘Mortality’[Mesh]

(2) ‘Mass Screening’[Mesh]

(3) ‘Mammography’[Mesh]

(4) ‘Breast Neoplasms/mortality�’[Mesh]

(5) breast cancer mortality

(6) screening

(7) mammography

(8) ((#1) OR #4) OR #5

(9) (#2) OR #6

(10) (#7) OR #3

(11) ((#8) AND #9) AND #10

This search strategy retrieved a total of 2462 papers.

(12) effect�

(13) evaluation

(14) impact

(15) trend

(16) service screening

(17) programme screening

(18) mass screening

(19) breast cancer

(20) mortality

(21) survival

(22) (((#12) OR #13) OR #14) OR #15

(23) ((#16) OR #17) OR #18

(24) (#20) OR #21

(25) (((#22) AND #23) AND #19) AND #24

This search strategy retrieved a total of 1680 papers.

(26) ‘Mortality/trends’[Mesh]

(27) ‘Survival Analysis’[Mesh]

(28) ‘Survival Rate/trends’[Mesh]

(29) ((#26) OR #27) OR #28

(30) ((#29) AND #2) AND #4

This search strategy retrieved a total of 193 papers.

(31) PubMed ‘related articles’ to the following article

suggested by experts in the field, not retrieved by

the previous search strategies:

Otten JDM, Broeders MJM, Fracheboud J, Otto SJ, de

Koning HJ, Verbeek ALM. Impressive time-related influence

of the Dutch screening programme on breast cancer inci-

dence and mortality, 1975–2006. Int J Cancer

2008;123:1929–34.

This search strategy retrieved a total of 726 papers.

These searches were supplemented with suggestion by

experts in the field.

The results were sorted by Europe Western Countries: The

Netherlands, Finland, Sweden, Norway, Iceland, Denmark,

UK, Ireland, Germany, Austria, Italy, Spain, Greece, Nordic

countries, Europe (not specified).

We considered all articles published in English language

up to February 2011 (no date restriction); the articles were

imported into ProCite to select the papers considered rel-

evant after the reading of title and abstracts.
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