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Objectives To construct a European ‘balance sheet’ of key outcomes of population-based
mammographic breast cancer screening, to inform policy-makers, stakeholders and invited women.
Methods From the studies reviewed, the primary benefit of screening, breast cancer mortality
reduction, was compared with the main harms, over-diagnosis and false-positive screening results (FPRs).
Results Pooled estimates of breast cancer mortality reduction among invited women were 25% in
incidence-based mortality studies and 31% in case-control studies (38% and 48% among women
actually screened). Estimates of over-diagnosis ranged from 1% to 10% of the expected incidence
in the absence of screening. The combined estimate of over-diagnosis for screened women, from
European studies correctly adjusted for lead time and underlying trend, was 6.5%. For women
undergoing 10 biennial screening tests, the estimated cumulative risk of a FPR followed by non-
invasive assessment was 17%, and 3% having an invasive assessment. For every 1000 women
screened biennially from age 50–51 until age 68–69 and followed up to age 79, an estimated
seven to nine lives are saved, four cases are over-diagnosed, 170 women have at least one recall
followed by non-invasive assessment with a negative result and 30 women have at least one recall
followed by invasive procedures yielding a negative result.
Conclusions The chance of saving a woman’s life by population-based mammographic screening of
appropriate quality is greater than that of over-diagnosis. Service screening in Europe achieves a
mortality benefit at least as great as the randomized controlled trials. These outcomes should be
communicated to women offered service screening in Europe.

INTRODUCTION

W
e aimed to present a ‘balance sheet’ based on esti-

mates of breast cancer mortality reduction as the

primary benefit, and over-diagnosis of breast

cancer and false-positive screening tests as the most impor-

tant harms. The balance sheet is derived from published

results of the European, population-based, mammographic

screening programmes that are systematically reviewed in

this supplement of the Journal of Medical Screening.

At the beginning of the 1990s, meta-analysis of random-

ized controlled trials (RCTs) confirmed the efficacy of mam-

mographic screening for reducing breast cancer mortality.1

On that basis, service screening programmes were initiated

in Europe and the implementation of pilot programmes

was supported by the ‘Europe Against Cancer’ programme.

Population-based screening according to similar protocols

has commenced in most European countries. The extension

of screening programmes in the various countries in the

European Union (EU) has been documented in a report on

the implementation of the EU policy on cancer screening.2

Population-based screening, as defined in the European

Report, means that in each round of screening the eligible

women in the target population in the area served by a pro-

gramme are individually identified and personally invited to

attend screening. Population-based screening programmes

generally require a high degree of organization in order to

ensure that the invitation activities are performed reliably

and effectively, and are adequately coordinated with the

subsequent steps of the screening process.2 The population-

based approach to implementation of cancer screening is

recommended in the EU, because it aims to give each eligible

person an equal chance of benefiting from screening and

because it provides an infrastructure for effective quality

assurance.2,3

The majority of European countries limit screening invita-

tions to women of 50 or more years of age, with varying

upper age limits.4 The more challenging task of achieving

an appropriate balance between benefit and harm of mam-

mographic screening in women of younger age has been

widely acknowledged in Europe. However, some countries

and regions invite women under 50 years of age, and lower-

ing the minimum age from 50 to 47 is under trial in

the United Kingdom (UK). Typically, the upper age limit is
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69 years. In the UK the upper age limit of 64 years was

raised to 70 in 2003, and there is now a trial in England eval-

uating continuing screening up to age 73. Several countries,

based on recent evaluations of cost-effectiveness, plan to

raise the upper age limit to 73–74 years. In the

Netherlands the upper age limit is 75 years.2

After the publication of the 2001 Cochrane review5 that

questioned most of the RCTs, there was wide debate on

mammographic screening. In 2002, a working group of the

International Agency for Research on Cancer re-examined

the available evidence and confirmed the benefit of mam-

mographic screening in women from 50 to 69 years of

age.6 While population-based service screening programmes

have continued to be implemented without substantial

changes in screening policy, there is still discussion over its

effectiveness.7 –10

The project published in this supplement of the Journal of

Medical Screening for the evaluation of outcomes of service

screening in Europe was launched in the context of the

European Screening Network. EUROSCREEN is a coopera-

tive group that includes experts involved in planning and

evaluating most of the population-based screening pro-

grammes in Europe. Based on studies published in peer-

reviewed scientific journals, the experts sought to review

the accumulated evidence and develop the best current esti-

mate of the impact of population-based service screening in

Europe on breast cancer mortality, and to assess screening

side-effects, in particular, the risks of over-diagnosis and

false-positive screening test results.

The aim was to develop an evidence-based consensus on

the estimates, and to promote accurate communication of

the main outcomes of breast cancer screening to stake-

holders, advocates, women and other interested parties.

Breast cancer mortality

In 1989, Day et al.11 stressed the importance of monitoring

and evaluating the breast cancer screening programmes

that were starting at that time. They put forward mortality

reduction as the main indicator of beneficial outcome, and

recommended concentrating impact evaluation on ‘breast

cancer deaths occurring among breast cancer cases diag-

nosed after the start of the screening programme’. They

also discussed the problematic issue of the choice of com-

parison group. On this basis, the evidence from observa-

tional studies of the impact of European service screening

programmes is reviewed in three papers in this sup-

plement.12– 14 In the paper on mortality trends, Moss

et al.12 discuss the methodological limitations of time trend

analysis as a method for evaluation of organized mammo-

graphic screening. Due to the inclusion in the screening

period of breast cancer deaths occurring in women diag-

nosed before screening programmes were started, the

authors conclude that the analysis of breast cancer mortality

trends is not adequate for evaluating the impact of screening.

Njor et al.13 discuss specific methodological issues of the

incidence-based mortality (IBM) approach. These studies

include only breast cancer deaths occurring in women diag-

nosed with breast cancer after service screening started.

Broeders et al.14 summarize all European observational

studies, i.e. trend studies, IBM studies and case-control

studies, including their methodological strengths and limit-

ations, which are well known from previous use in the

evaluation of screening.15 –18 The combined estimated mor-

tality reduction from IBM studies was 25% (pooled relative

risk [RR] 0.75, 95% Confidence interval [CI] 0.69–0.81)

with invitation to screening, and 38% (pooled RR 0.62,

95% CI 0.56–0.69) with participation in screening.14 In

the case-control studies, the authors found that breast

cancer mortality was reduced among invited women by

31% (pooled odds ratio [OR] 0.69; 95% CI 0.57–0.83)

and among screened women, after adjustment for self-

selection bias, by 48% (pooled OR 0.52, 95% CI 0.42–

0.65).14

Over-diagnosis risk

Over-diagnosis is usually defined as diagnosis of a breast

cancer through screening, that would not have been diag-

nosed in the woman’s lifetime had she not been screened.19

The major methodological difficulty in estimating of the rate

of over-diagnosis is disentangling the excess incidence due

to lead time from that due to over-diagnosis. The excess inci-

dence due to lead time is an expected and necessary effect of

breast cancer screening, in order to achieve the desired

outcome of detection at a more treatable stage. In the

absence of over-diagnosis, the initial increase in breast

cancer occurrence in the screened group would be fully

compensated by a similar decrease in cancers among older

age groups no longer offered screening – the so-called ‘com-

pensatory drop’.20 The compensatory drop method requires

that the screening programme has been running long

enough to achieve a full adjustment for lead time. If there

is a short or absent follow-up after the last screen, there

will be a lead time bias that will need adjustment by statisti-

cal methods.

In the paper on over-diagnosis, Puliti et al.21 show that

methodological approaches to estimate over-diagnosis vary

between studies and until now there has been no consensus

on the optimal analytic method. The authors classify the

papers by adjustment for breast cancer risk and for lead

time, and conclude that the most plausible estimates of over-

diagnosis range from 1% to 10%, where over-diagnosis is

expressed as a percentage of the expected incidence in the

absence of screening. To obtain an overall estimate for the

balance sheet, we take a simple average of the individual

estimates, after first transforming to represent the same

disease states (invasive plus in situ), screening exposure

measure and age group, as described below.

False-positive results

Another harm of screening for some women is recall for

further investigation due to suspicious findings on the mam-

mograms that do not result in diagnosis of breast cancer.

These cases are known as false-positives. European guide-

lines stress the importance of control of the rate of recalls

in breast cancer screening in order to limit the rate of false-

positives. Lower recall rates have been observed in Europe

than in the USA.22,23

The recall rate is clearly highly correlated with the false-

positive rate, the latter being the former minus the screen
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detection rate. Assessment is defined as non-invasive if the

procedures are confined to additional imaging with or

without clinical examination. Assessment is defined as inva-

sive when a needle biopsy or (rarely in the case of

quality-assured population-based screening programmes) a

surgical biopsy are performed. In this supplement’s

paper,24 the cumulative risk of a false-positive recall in

women undergoing 10 biennial screening tests varied

between 8% and 21%, with a pooled estimate of 20%

(17% without invasive assessment and 3% with invasive

assessment).

THE BALANCE SHEET

Communication of benefits and harms is central to screen-

ing, and should provide the invitee with the information

needed to make an informed choice about participation. A

balance sheet may help policy-makers, stakeholders and

especially potential participants in the target population to

weigh up the benefits and harms which accrue with partici-

pation in a screening programme.

There are several possible ways to summarize the benefits

and harms of screening. There is a lack of consensus on the

best communication strategy that would take into account

the different audiences and conditions of various screening

programmes. The usual measures are estimates of the absol-

ute number of lives saved and the number of breast cancer

cases over-diagnosed in a given decision-making scenario.

These estimates are sometimes transformed into the

number of women who must be screened for each life

saved versus the number screened for each over-diagnosed

cancer. In estimation and communication of the balance

sheet parameters, no judgement is made as to the re-

lative value of a breast cancer death avoided or a case

over-diagnosed – this is a matter for individual judgement.

The interpretation of the screening process is complex and

sometimes counterintuitive. For example, at the start of a

programme the incidence rates will increase in the popu-

lation. The content of the information provided to women

invited to screening should be agreed between competent

scientists and professionals engaged in screening, policy-

makers and public opinion leaders. A representative spec-

trum of women in the target group should be involved in

this dialogue in order to take into account the information

needs of women invited to and participating in screening.

Essential components of the decision-making scenario

It is necessary to define some essential components of the

screening scenario in order to develop a balance sheet that

is relevant to the decision-making process in various pro-

grammes. These include the target age range, the screening

regimen, periods of screening and follow-up and population

denominator to which the balance sheet pertains (Table 1).

These are components from the screening protocol and the

longitudinal time framework to which measures can be

applied to estimate the major outcomes of breast cancer

service screening. Some of the components may have differ-

ent values in different European countries, for example,

where the age limit varies or, as in the UK, the screening

interval (maximum 3 years) deviates from the EU

recommendation (2 years). Because estimates of screening

effects may be influenced by the protocol, performance

and conditions of the local screening programme, or by

the characteristics of the target population, each programme

may vary the components of the balance sheet taking local

conditions into account. However, we consider the present

scenario a good approximation for most European pro-

grammes offering screening to women in their 50s and

60s. The outcomes in terms of benefits and harms refer to

women actually screened, in order to inform the decision-

making process of invited women.

Measures of individual cumulative risk in the absence
of screening

Estimates of the absolute numbers of lives saved and over-

diagnosed cases have been obtained from the estimates

of screening effects noted above and the cumulative risks

of breast cancer incidence and mortality in the absence of

screening shown in Table 2. These risks are defined as the

probability that a woman will be diagnosed with the

disease (invasive and in situ breast cancer) or that a

woman will die from the disease, respectively, during a

certain age span. To obtain these cumulative risks, we

used the age-specific breast cancer incidence and mortality

in women aged between 50 and 79 in the period 1985–

1986 (i.e. before the start of screening programmes) in the

UK, the Nordic countries (Denmark, Finland, Norway and

Sweden) and areas covered by the Italian Association of

Cancer Registries. The cumulative breast cancer risk esti-

mates were, respectively, 6.7%, 6.4% and 6.9% for inci-

dence (based on the invasive incidence rates and assuming

1 carcinoma in situ for 20 invasive cancers) and 3.6%,

Table1 Essential components of the decision-making scenario

Components Value

Comments and
communicative
implications

Number of women 1000 The average number of
women aged 50–51
years in a small city

Age at the start of the risk
period (years)

50 Recommended starting
age for service
screening in Europe2

Status in regard to
screening

Screened The outcomes in terms of
benefits and harms to
screened women are
informative to invited
women who are
making the decision
whether or not to attend

Number of screening
mammograms
expected in the
screening period
(interval in years)

10 (every
2 years)

Recommended number
for service screening in
Europe2

Age span for screening
(years)

50–69 Recommended age range
for service screening in
Europe2

Age at the end of
follow-up (years)

79 The outcomes in terms of
benefits and harms
refer to the period from
50 to 79 years

European breast cancer outcomes balance sheet 7
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2.5% and 2.8% for mortality. Average incidence was 6.7%

and average mortality 3.0%.

Estimates of screening effects

The pooled estimates of the breast cancer mortality

reduction in screened women were 38% from IBM studies

and 48% from case-control studies. Using the cumulative

risk estimates for breast cancer mortality in the absence of

screening we estimated 30 breast cancer deaths from 50 to

79 years of age (17 deaths in ages 50–69 and 13 deaths in

ages 70–79). Based on East of England Cancer Registry

data, 26% of breast cancer deaths occurring in the 50–69

age group were diagnosed before 50 years and 49% of

breast cancer deaths occurring in women aged 70–79

were diagnosed after 70 years. Therefore, breast cancer

deaths occurring at 50–79 in which screening may have

had a protective effect are 19 out of the 30 expected:

17� 0:74þ 13� 0:51 ¼ 19

Applying the estimates of mortality reduction (38% and

48%) to 19 breast cancer deaths, we obtained seven to

nine lives saved. The total breast cancer mortality reduction

from 50 to 79 years for a screened population varied from

23% (7/30) to 30% (9/30).

In the review on over-diagnosis,21 the authors conclude

that the most plausible estimates of over-diagnosis (those

with adequate adjustment for incidence trends and lead

time) range from 1% to 10%. Table 3 shows the estimates

of over-diagnosis of the six studies,25 –30 classified according

to whether they pertain to screened or invited women,

whether they refer to excess in the screening ages only or

other age ranges, and whether the figures include ductal car-

cinoma in situ (DCIS). There were three major sources of

variability among the estimates:

(1) Application to screening or invitation. Because attendance

averaged 70% in the studies used for estimation of

over-diagnosis, we divided the estimates of Paci

et al.,27 Puliti et al.,25 Duffy et al.29 and de Gelder

et al.30 which were all based on invited rather than

screened women, by 0.7.

(2) Application to ages 50–79 years. Some studies estimated

lifetime over-diagnosis, some over-diagnosis as a pro-

portion of cancers detected in the screening age range

and some in the screening ages and older. Around

64% of all breast cancer cases were diagnosed in ages

50–79 during the prescreening period. We therefore

divided the Waller et al.28 and de Gelder et al.30

figures by 0.64. Age-specific incidence in the prescre-

ening period also gives us figures with which to

correct the other four estimates (details available from

authors DP and SWD).

(3) Inclusion of all cancer, invasive þ in situ, or invasive only.

The papers by Paci et al.27 and Puliti et al.25 estimate

Table 2 Balance sheet estimates of screening effects and of rates of incidence and mortality in the absence of screening

Estimation Parameter Reference Comment

Cumulative risk of BC
(in situ þ invasive)
from 50 to 79 years
in the absence of screening

6.7% Cancer Registry
1985–86 (UK,
NordCan, Italy)

Based on the age-specific invasive BC
incidence rates in the prescreening
period adjusted to include one in situ
per 20 invasive cancers

Cumulative risk of BC death
from 50 to 79 years in the
absence of screening

3.0% Cancer Registry
1985–86 (UK,
NordCan, Italy)

Based on the age-specific BC mortality
rates in the prescreening period

Reduction in BC mortality 38–48% Review of IBM studies
and case-control studies14

Pooled estimates for screened versus
unscreened (adjusted for self-selection
bias in case-control studies)

Estimate of over-diagnosis
(proportion of the incidence
in the absence of screening)

1–10% Review of
over-diagnosis25

Range of the six estimates adjusted for
BC risk and lead time bias

Cumulative risk of a false-positive
result with or without invasive
assessment

3% and 17%,
respectively

Review of false-positive
results24

Estimated for women who participate
in all of the 10 expected biennial
screening tests

BC, breast cancer; IBM, incidence-based mortality

Table 3 Population, age range and cancer referred to of the six most reliable estimates of over-diagnosis, with unadjusted and
adjusted over-diagnosis estimates

Study Population Age range Cancers
Estimated excess
due to over-diagnosis

Adjusted
estimates�

Olsen et al.26 Screened Screening ages Invasive þ in situ 7.0% 4.4%
Paci et al.27 Invited Screening ages Invasive þ in situ 4.6% 5.9%
Waller et al.28 Screened Lifetime Invasive 10.0% 17.0%
Puliti et al.25 Invited Screening ages and older Invasive þ in situ 1.0% 1.0%
Duffy et al.29 Invited Screening ages Invasive 3.3% 4.3%
de Gelder et al.30 Invited Lifetime Invasive þ in situ 2.8% 6.3%

�Adjusted to apply to screened women, to 50–79 ages and to include carcinoma in situ

8 EUROSCREEN Working Group

Journal of Medical Screening 2012 Volume 19 Suppl 1



over-diagnosis both including and excluding in situ

disease. In the former, inclusion of carcinoma in situ

conferred an increase of 1.4% in the estimate (from

3.2 to 4.6%), and in the later an increase of 1%

(from 0 to 1%). We therefore added 1.4% to the

estimates of Waller et al.28 and Duffy et al.29

The average estimate from the adjusted figures in Table 3

was 6.5% of the incidence in the absence of screening. This

is a measure for over-diagnosis in screened women between

50 and 79 years, including carcinoma in situ, based on the

studies which adequately adjusted for underlying risk and

lead time.

The occurrence of DCIS is usually detected at screening

and one possible reason of over-diagnosis (6, 19). Based

on the age-specific breast cancer invasive incidence rates in

the absence of screening (1985–1986), and assuming one

carcinoma in situ for 20 invasive cancers, the cumulative

expected number of breast cancers per 1000 women

between 50 and 79 years was calculated as 67. The estimated

number of over-diagnosed cases was 67 � 0.065 ¼ 4.

In the review by Hofvind et al.,24 estimates of the cumulat-

ive risk of false-positive results over 10 screens were 17%

without invasive assessment and 3% with invasive assess-

ment. These estimates pertain to women aged 50–51 at

the outset who participate in 10 biennial screening tests.

Weighing up the benefits and harms

The balance sheet, based on breast cancer incidence and

mortality in the absence of screening and on estimates of

over-diagnosis, mortality reduction and cumulative false-

positive rates derived from the results of European studies,

is shown in Table 4. On average, for every 1000 women

screened biennially from age 50–51, and followed until

age 79, 7–9 lives are estimated to be saved and four cases

are over-diagnosed. Screening between age 50 and 69 will

also lead to further procedures among women not diag-

nosed with breast cancer (false-positives): 170 with a non-

invasive assessment, and 30 with invasive assessment of

which two will have a surgical biopsy. The ratio of lives

saved to over-diagnosed cases is 1 to 0.4–0.6.

DISCUSSION

The breast cancer mortality reduction demonstrated in RCTs

provided the evidence for initiating population-based mam-

mographic screening programmes in Europe. There is con-

sensus among professionals and scientists, however, that

the impact of a public health programme outside of the

trial environment should be evaluated in terms of its

benefits and harms. Furthermore, continuous monitoring

and evaluation of screening programmes to assure an appro-

priate balance between harm and benefit is a cornerstone of

the EU policy on cancer screening.2,3 Harris et al.31 reconsi-

der the criteria for evaluating screening programmes and

propose a ‘balance sheet’ approach. While admitting that

‘judgment about the certainty of evidence and about the

magnitude and trade-offs of benefits and harms is still

required’, they argue that a balance sheet would provide a

‘standard approach’.

In this paper, we present a balance sheet based on

evidence, published in peer-reviewed journals, from

European service screening programmes. The estimates of

mortality reduction, over-diagnosis and false-positive

screening results are based on the analysis of empirical

data from areas where screening programmes have been

active for several years. More comprehensive balance

sheets have been proposed,32,33 that take into account a

larger range of benefits and harms, such as social and econ-

omic effects. The focus of the present balance sheet on the

chief benefit (reduction of breast cancer mortality) and

harms (over-diagnosis and false-positives) does not aim to

divert attention from other issues that may also be important

to women invited to screening. The intention is to ensure

that women are fully aware of the chief benefit and harms

when they decide whether or not they wish to attend

screening.

Population-based mammographic screening programmes

started in some areas at the end of the 1980s (for

example, the UK). Numerous additional programmes were

established in Western Europe in the 1990s. Breast cancer

service screening is a long-term investment. Implementation

takes several years and, due to good survival rates in many

European countries, final outcomes can only be fully evalu-

ated after a long period of follow-up (at least 20 years). For

this reason, the outcome evidence presented in this sup-

plement is still evolving. The results are from selected

areas and countries where screening was implemented

several years ago. Given the similar organizational context,

the present results are also relevant to more recently estab-

lished programmes and those starting up in the future. But

they clearly reflect the experience of population-based

Table 4 Balance sheet for 1000 women aged 50–51 years,
screened biennially until 69 years (according to the EU policy
on cancer screening3) and followed until 79 years

Outcome

For every 1000
women screened for
20 years:

The number of
women that need to
be screened:

Number of breast
cancer cases
diagnosed

71 14 women: to
diagnose 1 case

BC mortality
reduction

7–9 women’s lives
are saved (out of
30 BC deaths
expected)�

111–143 women:
to save 1 life

Over-diagnosis 4 cases are
over-diagnosed (in
addition to 67 BC
expected)

250 women: to
over-diagnose
1 case

False-positive test
results among
women without
breast cancer

200 women recalled
for further
assessment
procedures:
170 women with

non-invasive
assessment only
30 women with

invasive
assessment

6 women: to have
1 with at least one
who has
non-invasive
assessment only
33 women: to

have 1 with at
least one invasive
assessment

BC, breast cancer; EU, European Union
�19 out of the 30 expected BC death were diagnosed in ages 50–69

European breast cancer outcomes balance sheet 9
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breast cancer service screening in Europe over the last 20

years.

The analyses here do not take into account more recent

innovations in breast cancer screening, such as the use of

digital mammography. Particularly, in countries with

ample diagnostic and therapeutic services and experience

in breast cancer screening, the proportion of breast cancer

clearly detected by symptoms is lower, and the distinction

between screening and clinical detection of early breast

cancer may be subtle. Conventional mammography, and

to a greater extent digital mammography, are now more sen-

sitive to early breast cancers or borderline lesions such as

DCIS, causing both a greater potential for effectiveness in

decreasing breast cancer mortality and a greater potential

for over-diagnosis. Nevertheless, readers of mammograms

and radiographers are likely to have received better training,

and programmes are subject to more intensive quality assur-

ance compared with the early trials,34 causing a favourable

shift in the balance between benefit and harm. The use

of risk factors and genetic testing35 has been proposed to

develop tailored screening according to individual

risk, although such a strategy has not been fully evaluated.

More and more women are referred for assessment

and treatment to multidisciplinary teams and specialized

breast units, many of which came about as a by-product

of, or in symbiosis with, the advent of screening

programmes.

The above suggests that service screening effectiveness

may be greater today34 than at the time when the studies

on which the present European balance sheet is based

were conducted. Given the long time frame required to

assess the level of over-diagnosis in a cohort of women, it

is more difficult to reflect on whether rates of over-diagnosis

may have changed recently.

There is increasing interest in the literature in evaluation

of outcomes of service screening, but methodology across

the studies is not uniform.29,34,36 –41 This is especially true

in the assessment of over-diagnosis in breast cancer service

screening. A certain amount of over-diagnosis is unavoid-

able from early detection of lesions in an asymptomatic

population. Future efforts should therefore focus on redu-

cing the potential negative impact of over-diagnosis

through better understanding of its potential determinants,

including age at screening, number and frequency of tests,

procedures in the assessment of positive mammograms,

and the management of early or less aggressive lesions

including DCIS.

There is particular interest in the potential for over-

diagnosis of DCIS.42 Because of its good prognosis and its

increased incidence in the epoch of mammographic screen-

ing, it may be intuitive to expect it to make a disproportion-

ate contribution towards over-diagnosis. The proportion of

carcinoma in situ varies considerably among countries and

the natural history of these lesions still needs to be better

understood. The magnitude of the contribution of DCIS to

over-diagnosis therefore remains uncertain. However,

there is some evidence that screen-detected DCIS is a pro-

gressive disease with a high likelihood of progression to

invasive cancer in a large proportion of cases. In two of

the randomized trials of screening, an excess of DCIS was

balanced by a reduction in invasive disease.43 Over a

10-year period, in one randomized trial, more than 30%

of DCIS cases treated with complete local excision alone

had a recurrence or other breast cancer event.44 There is

also evidence that screen-detected DCIS is biologically

more aggressive than symptomatic DCIS.45

There is a clear need to develop appropriate protocols for

patient communication, treatment and follow-up of cancers

that have low life-threatening potential. Biological and clini-

cal studies are urgently needed to improve the knowledge

base for more appropriate management of these lesions,

such as research on biomarkers of tumour aggressiveness.

Studies are also needed to improve the specificity of the

screening process and thereby reduce the other main harm

of mammographic screening, resulting from resulting from

false-positive tests. Research in the technology of breast

imaging is therefore also recommended. The improvement

of screening in terms of more selective and tailored

approaches and reduction of screening harms is important

from the user’s perspective, but it has also important impli-

cations in cost-benefit ratio and the impact of service screen-

ing on public health costs.

Recently published balance sheets differ considerably

with regard to the sources of information used for the esti-

mates, the modality of presentation of the outcomes

and the communication implications for decision-

making.29,38 – 40 Furthermore, essential components of

balance sheets are not always explicitly reported. For this

reason, it is timely that an international expert working

group assesses the impact of population-based service

screening in Europe and presents a summary of the chief

benefits and harms applicable to a wide range of European

programmes. It is important to note that quoted benefits

and harms are dependent on the intervention delivered,

the data sources used and the denominator referred to. For

example, our estimated numbers of lives saved exceed

those estimated by Beral et al.41 because ours is based on

20 years of screening and on the service screening results

in Europe. Those of Beral et al.41 pertained to 10 years of

screening and the randomized trial results. Communication

methods should also be improved to raise women’s aware-

ness of benefits and harms, and to make information more

accessible, relevant and comprehensible.46

To enable fully informed choices, further follow-up of

service screening outcomes with well designed, coordinated,

regional and national studies should be conducted, to

permit more precise estimates and possibly allow variation

of the expected outcomes to reflect the parameters and

populations of individual programmes. Until applicable evi-

dence for individual programmes is available, the presently

reported outcomes should be taken into account when

informing women offered mammographic screening in

Europe.

Available cumulative evidence from population-based

service screening in Europe shows that the chance of a

woman’s life being saved by mammographic screening is

greater than that of being over-diagnosed by screening.

The key outcomes and estimates of the balance of benefit

and harm are presented in a narrative form in Box 1. It

should be noted that the cumulative risks of breast cancer

incidence and mortality in the absence of screening were

calculated from the age-specific rates observed in 1985–

1986. Breast cancer incidence and mortality rates have

changed over time throughout Europe, due to respective
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changes in the prevalence of risk factors and therapeutic

regimens. Consequently, the estimates of lives saved

and over-diagnosed cases are approximations. They clearly

indicate, however, that the relationship between benefit

and harm of mammographic screening is much more

favourable than some recent publications suggest.8,9,36 – 37

CONCLUSIONS

A comprehensive review of European studies of service

screening shows that population-based mammographic

screening is contributing to the reduction in breast cancer

mortality in the EU, achieving a mortality benefit at least

as great as that observed in the RCTs. Furthermore, the esti-

mated number of breast cancer deaths avoided by screening

clearly exceeds the estimated number of cases of over-

diagnosis. These results are intended to help a woman

who is invited to screening to make an informed personal

choice about the possible outcomes and the implications of

participating in screening.
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Box 1 Screening balance sheet – a narrative of

benefit and harm related to screening

Consider a small city in Europe where there are 1000

female residents aged 50–51 years. If these women

are followed up for 30 years until they reach the age

of 79, and if a breast cancer service screening pro-

gramme has not been previously established in the

city, 67 women are expected to be diagnosed with

breast cancer and 30 expected to die from the disease.

Now consider another city with 1000 women aged

50–51 years in which a service breast screening pro-

gramme has been implemented in accordance with

the European guidelines. A screening invitation

scheme offers all women regular mammography at

intervals of two years over a period of 20 years com-

mencing at 50–51 years of age – and all eligible

women accept the invitation to screening. Among

the 1000 women, 21–23 breast cancer deaths are

expected over a 30-year period compared with the

30 breast cancer deaths that would have occurred in

the absence of screening (i.e. 7–9 fewer deaths).

Most of the women participating in screening will

have only negative mammograms and, therefore,

will have no benefits other than a reassurance about

their health status, and only short-term harms from

service screening (discomfort, anxiety). Women with

a positive mammogram can have both benefits and

harms.

Over-diagnosis is arguably a significant harm. It

implies diagnosis of breast cancer without benefit for

a woman, because if she had not participated in

service screening the cancer would not have been

diagnosed during her lifetime, nor received treatments

for it. In our estimation, four women are harmed in

this way in the city that offers screening; this is in

addition to the 67 women who would be diagnosed

with breast cancer in the absence of service screening.

Cases of over-diagnosis usually arise from the detec-

tion in service screening of less aggressive tumours

early in their development, for example, in situ and

very early invasive tumours, but at the present time

it is not possible to distinguish between those

tumours that will become aggressive and those that

pose no threat to life. For this reason, research into

prognostic indicators and evidence-based protocols

that will reduce the impact of breast cancer treatment

are current research priorities.

Another potential harm for screened women is a

‘false-positive’ result, where the screening mammo-

gram shows signs of suspicious abnormalities, but

the assessment during her recall visit shows that she

has no cancer – her initial result was a false alarm.

Although strictly speaking, a suspicious finding of

screening mammogram is not a positive diagnosis,

the mammogram is referred to as ‘false-positive’

because it prompted further investigation.

Assessment at recall often involves additional

imaging, such as a second mammogram or an ultra-

sound scan, and may also involve clinical examination

of the breast, but an invasive procedure is sometimes

appropriate before a final diagnosis can be made. The

invasive procedure is usually needle biopsy to obtain

tissue for histopathological examination, but occasion-

ally there is surgical intervention. The psychological

harm of this process – recall and assessment – has

been investigated but there is only evidence of short-

term anxiety. The cumulative proportion of women

having at least one false-positive result over 20 years

of screening has been estimated in some European

service screening programmes as 17% for assessment

involving only non-invasive procedures, and 3% for

assessment also involving invasive procedures.

Because such false alarms are inevitable and inherent

in any screening process, the European guidelines set

standards for the proportion of screened women who

are recalled for assessment (recall rate) and rec-

ommend that service screening performance indi-

cators are readily available to the invited population.

Long-term effects such as radiation risk are not con-

sidered here, as they tend to be based on extrapolation

and are subject to considerable uncertainty, but the

risk is estimated to be much lower than the benefit

of screening.
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University, Umeå, Sweden
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